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(57) ABSTRACT

There is provided an energy storage device including an elec-
trode assembly having a pair of electrodes overlapped with
each other. At least one of the electrodes includes a current
collecting substrate, an active material layer arranged on the
current collecting substrate, an intermediate layer arranged
between the current collecting substrate and the active mate-
rial layer, and an insulating layer arranged on the current
collecting substrate. The active material layer contains an
active material and a first binder. The intermediate layer con-
tains a carbonaceous material and a second binder. The insu-
lating layer contains an insulating material and a third binder.
The second binder is a nonaqueous binder. The third binder is
an aqueous binder.
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ENERGY STORAGE DEVICE AND ENERGY
STORAGE MODULE

[0001] This application is based on Japanese Patent Appli-
cation No. 2013-242946 filed on Nov. 25, 2013, the entire
contents of which are hereby incorporated by reference.

FIELD

[0002] The present invention relates to an energy storage
device and an energy storage module.

BACKGROUND

[0003] Inrecentyears, as a power source for a vehicle such
as an automobile and a motorcycle, a variety of equipment
such as a portable terminal and a notebook personal com-
puter, an energy storage device capable of discharging and
charging, which includes a battery such as a lithium ion
battery and a nickel metal hydride battery, and a capacitor
such as an electric double layer capacitor, has been employed.
[0004] As suchan energy storage device, an energy storage
device provided with an electrode assembly for a lithium ion
secondary battery in which the electrode assembly has a pair
of sheet-like electrodes and a separator arranged between the
pair of electrodes has hitherto been known.

[0005] Inthis type of energy storage device, each ofthe pair
of electrodes of the electrode assembly has current collecting
foil and an active material layer which is arranged at one face
of the current collecting foil and contains an active material.
[0006] Moreover, in this type of energy storage device, in
the electrode assembly, the electrodes are opposite to each
other so that the respective active material layers are adjacent
to each other via a separator.

[0007] Inthistypeofenergy storage device, the separator of
the electrode assembly may shrink, and moreover, a foreign
substance may intrude into a space between the electrodes of
the electrode assembly. This can cause a minute short circuit
between the electrodes in this type of energy storage device.
[0008] Incontrast, inorder to prevent a minute short circuit
between the electrodes, an energy storage device which has
an insulating layer on one electrode of an electrode assembly
has been known (JP-A-2013-045659).

[0009] However, in the above-mentioned energy storage
device, it is desirable that insulation properties of the insulat-
ing layer be further enhanced.

SUMMARY

[0010] The following presents a simplified summary of the
invention disclosed herein in order to provide a basic under-
standing of some aspects of the invention. This summary is
not an extensive overview of the invention. It is intended to
neither identify key or critical elements of the invention nor
delineate the scope of the invention. Its sole purpose is to
present some concepts of the invention in a simplified form as
a prelude to the more detailed description that is presented
later.

[0011] An object of the present invention is to provide an
energy storage device having an insulating layer excellent in
insulation properties and an energy storage module.

[0012] An energy storage device according to an aspect of
the present invention includes an electrode assembly having a
pair of electrodes overlapped with each other. At least one of
the electrodes includes a current collecting substrate, an
active material layer arranged on the current collecting sub-
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strate, an intermediate layer arranged between the current
collecting substrate and the active material layer, and an insu-
lating layer arranged on the current collecting substrate. The
active material layer contains an active material and a first
binder. The intermediate layer contains a carbonaceous mate-
rial and a second binder. The insulating layer contains an
insulating material and a third binder. The second binder is a
nonaqueous binder. The third binder is an aqueous binder.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The foregoing and other features of the present
invention will become apparent from the following descrip-
tion and drawings of an illustrative embodiment of the inven-
tion in which:

[0014] FIG. 1is a cross-sectional view schematically illus-
trating a cross section of an electrode assembly in accordance
with one embodiment;

[0015] FIG. 2 is a cross-sectional view schematically illus-
trating a cross section of an electrode assembly in accordance
with another embodiment;

[0016] FIG. 3 is a cross-sectional view schematically illus-
trating a cross section of an electrode assembly in accordance
with another embodiment;

[0017] FIG. 4 is a cross-sectional view schematically illus-
trating a cross section of an electrode assembly in accordance
with another embodiment;

[0018] FIG. 5is a cross-sectional view schematically illus-
trating a cross section of an electrode assembly in accordance
with another embodiment;

[0019] FIG. 6 is a cross-sectional view schematically illus-
trating a cross section of an electrode assembly in accordance
with another embodiment;

[0020] FIG. 7 is a view schematically illustrating an outer
appearance of an electrode assembly;

[0021] FIG. 8isaschematic view schematically illustrating
an outer appearance of a nonaqueous electrolyte secondary
battery as an example of an energy storage device;

[0022] FIG.9isaschematic view schematically illustrating
the inside of a case for a nonaqueous electrolyte secondary
battery as an example of an energy storage device;

[0023] FIG. 10 is across-sectional view taken along the line
in FIG. 9;
[0024] FIG. 11 is a cross-sectional view schematically

illustrating a cross section of a nonaqueous electrolyte sec-
ondary battery as an example of an energy storage device; and
[0025] FIG. 12 is a schematic view schematically illustrat-
ing an outer appearance of an example of an energy storage
module.

DESCRIPTION OF EMBODIMENT

[0026] An energy storage device according to an aspect of
the present invention includes an electrode assembly having a
pair of electrodes overlapped with each other. At least one of
the electrodes includes a current collecting substrate, an
active material layer arranged on the current collecting sub-
strate, an intermediate layer arranged between the current
collecting substrate and the active material layer, and an insu-
lating layer arranged on the current collecting substrate. The
active material layer contains an active material and a first
binder. The intermediate layer contains a carbonaceous mate-
rial and a second binder. The insulating layer contains an
insulating material and a third binder. The second binder is a
nonaqueous binder. The third binder is an aqueous binder.
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[0027] Inan aspect of the energy storage device according
to the present invention, the first binder is a nonaqueous
binder.

[0028] In another aspect of the energy storage device
according to the present invention, the active material layer
contains a carbonaceous material.

[0029] In another aspect of the energy storage device
according to the present invention, the insulating material
comprises inorganic particles.

[0030] In another aspect of the energy storage device
according to the present invention, each of the pair of elec-
trodes includes at least the active material layer and the active
material layers are each arranged to face each other. The
insulating layer of one electrode is arranged to face at least a
part of the end edge of the active material layer in the other
electrode.

[0031] In another aspect of the energy storage device
according to the present invention, in one electrode, the insu-
lating layer is arranged to cover the face of the active material
layer which is opposed to the other electrode.

[0032] In another aspect of the energy storage device
according to the present invention, in one electrode, the insu-
lating layer is arranged to cover the face of the current col-
lecting substrate which is opposed to the other electrode.
[0033] In another aspect of the energy storage device
according to the present invention, the intermediate layer has
an intermediate layer-protruding portion protruded outside
from the end edge of the active material layer. The insulating
layer is arranged to cover the intermediate layer-protruding
portion while being in contact with the current collecting
substrate.

[0034] In another aspect of the energy storage device
according to the present invention, the pair of electrodes
correspond to a positive electrode and a negative electrode,
respectively. The positive electrode has a positive active
material layer as the active material layer, the intermediate
layer, and the insulating layer. The negative electrode has a
negative active material layer as the active material layer. The
negative active material layer has an end edge arranged out-
side from the end edge of the positive active material layer
facing the negative active material layer. The intermediate
layer has an intermediate layer-protruding portion protruded
outside from the end edge of the positive active material layer.
The insulating layer is arranged to face the end edge of the
negative active material layer and is arranged to cover a
surface of the intermediate layer-protruding portion which
faces the negative electrode while covering the end edge of
the positive active material layer.

[0035] Inan aspect of an energy storage module according
to the present invention, the module includes the above-de-
scribed energy storage device and a bus bar member electri-
cally connected to the energy storage device.

[0036] A method for producing an energy storage device
according to an aspect of the present invention is a method for
producing an energy storage device including an electrode
assembly having a pair of electrodes overlapped with each
other. The method includes an intermediate layer-forming
step of applying a composition for an intermediate layer
containing a carbonaceous material and a nonaqueous binder
to a current collecting substrate of at least one of the elec-
trodes. The method further includes an active material layer-
forming step of applying a composite containing an active
material and a nonaqueous binder on the intermediate layer.
The method further includes an insulating layer-forming step
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of applying a composition for an insulating layer containing
aninsulating material and an aqueous binder on at least one of
the intermediate layer, the active material layer and the cur-
rent collecting substrate.

[0037] Inan aspect of the method for producing an energy
storage device according to the present invention, the active
material layer-forming step and the insulating layer-forming
step are simultaneously performed.

[0038] In another aspect of the method for producing an
energy storage device according to the present invention, the
composite contains a carbonaceous material.

[0039] In another aspect of the method for producing an
energy storage device according to the present invention, the
insulating material contains inorganic particles.

[0040] In another aspect of the method for producing an
energy storage device according to the present invention, in
the insulating layer-forming step, the composition for an
insulating layer is applied on a portion of the intermediate
layer on which the composite is not applied.

[0041] Hereinafter, one embodiment of the electrode
assembly according to the aspect of the present invention will
be described with reference to the drawings.

[0042] An energy storage device of the present embodi-
ment includes an electrode assembly having a pair of elec-
trodes overlapped with each other. At least one of the elec-
trodes includes a current collecting substrate, an active
material layer arranged on the current collecting substrate, an
intermediate layer arranged between the current collecting
substrate and the active material layer, and an insulating layer
arranged on the current collecting substrate. The active mate-
rial layer contains an active material and a first binder. The
intermediate layer contains a carbonaceous material and a
second binder. The insulating layer contains an insulating
material and a third binder. The first binder and the second
binder are nonaqueous binders. The third binder is an aqueous
binder.

[0043] In the energy storage device of the present embodi-
ment, at least one of a pair of electrodes 3 and 5 in an electrode
assembly 2 includes an active material layer 35 or 54, an
intermediate layer 6, and an insulating layer 7 in contact with
at least the intermediate layer, mentioned above. A binder
contained in the insulating layer 7 is an aqueous binder, and
each of binders contained in the active material layers 36 and
5b and the intermediate layer 6 is a nonaqueous binder. Fur-
thermore, the intermediate layer 6 contains a hydrophobic
carbonaceous material.

[0044] Thus, the aqueous binder contained in the insulating
layer 7 is relatively high in polarity, and on the other hand, the
nonaqueous binders contained in the active material layers 35
and 56 and the intermediate layer 6 and the carbonaceous
material contained in the intermediate layer 6 are lower in
polarity than the aqueous binder contained in the insulating
layer 7. That is, the aqueous binder is low in affinity with the
nonaqueous binder and the carbonaceous material, and the
nonaqueous binder and the carbonaceous material are high in
affinity to each other.

[0045] In the intermediate layer 6, the nonaqueous binder
and the carbonaceous material, which are high in affinity to
each other, are contained. Thus, the nonaqueous binder pre-
vents the carbonaceous material from moving to the outside
of the intermediate layer 6. Moreover, in the insulating layer
7, the aqueous binder, which is low in affinity with the car-
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bonaceous material, is contained. Thus, the aqueous binder
can prevent the carbonaceous material from moving into the
insulating layer 7.

[0046] Since the carbonaceous material is prevented from
intruding into the insulating layer 7, it is possible to prevent
the lowering in insulation properties of the insulating layer 7
caused by the intrusion of the carbonaceous material. Thus, it
is possible to provide an energy storage device having an
insulating layer high in insulation properties.

[0047] The nonaqueous binder is contained in the active
material layers 35 and 54, and therefore, even in the case
where the carbonaceous material contained in the intermedi-
ate layer 6 moves into the active material layers 35 and 55, it
is possible to prevent the carbonaceous material from moving
into the insulating layer 7 through the active material layers
3b and 5b.

[0048] In the energy storage device of the present embodi-
ment, the carbonaceous material is contained as a conductive
additive in the active material layers 35 and 54. In the active
material layers 36 and 54, the nonaqueous binder and the
carbonaceous material, which are high in affinity to each
other, are contained. Thus, the nonaqueous binder prevents
the carbonaceous material from moving to the outside of the
active material layers 36 and 56. Moreover, in the insulating
layer 7, the aqueous binder, which is low in affinity with the
carbonaceous material, is contained. Thus, the aqueous
binder can prevent the carbonaceous material contained in the
active material layers 35 and 56 from moving into the insu-
lating layer 7.

[0049] In the energy storage device of the present embodi-
ment, inorganic particles are contained as an insulating mate-
rial in the insulating layer 7. In the case where the carbon-
aceous material is contained in the intermediate layer 6 or the
active material layers 35 and 55 and the inorganic particles are
contained in the insulating layer 7, the carbonaceous material
is relatively high in hydrophobicity and the inorganic par-
ticles are relatively high in hydrophilicity, and thus the inor-
ganic particles having hydrophilicity prevent the carbon-
aceous material from moving into the insulating layer 7.
[0050] In the energy storage device of the present embodi-
ment, as shownin FIG. 1 to FIG. 3, each of a pair of electrodes
3 and 5 in an electrode assembly 2 includes at least a current
collecting substrate 3a or 5a and an active material layer 35 or
5b, and the active material layers 35 and 55 are each over-
lapped so as to face each other.

[0051] Moreover, an insulating layer 7 of one electrode is
arranged so as to face at least a part of the end edge of the
active material layer 54 in the other electrode.

[0052] As shown in FIG. 2, in one electrode 3 including an
insulating layer 7, the insulating layer 7 may be arranged so as
to further cover the face of the current collecting substrate 3a,
which faces the other electrode 5.

[0053] As shown in FIG. 3, in one electrode 3 including an
insulating layer 7, the insulating layer 7 may be arranged so as
to further cover the face of the active material layer 35, which
faces the other electrode 5.

[0054] As shown in FIGS. 1 to 3, an intermediate layer 6
may have an intermediate layer-protruding portion 6a pro-
truded outside from the end edge of the active material layer
3b or 5b. The intermediate layer 6 has the intermediate layer-
protruding portion 6a, and therefore, even the end edge of the
active material layer 3b or 56 can be in contact with the
intermediate layer 6. As a result thereof, the peel strength of
the active material layer 36 or 55 is enhanced.
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[0055] As shownin FIGS. 1 to 3, an insulating layer 7 may
be arranged so as to cover an intermediate layer-protruding
portion 6a. The insulating layer 7 covers the intermediate
layer-protruding portion 6a, and therefore, the contact area
with the intermediate layer 6 is increased. Meanwhile, in the
insulating layer 7, an aqueous binder, which is low in affinity
with the carbonaceous material, is contained. Thus, the aque-
ous binder can prevent the carbonaceous material from mov-
ing into the insulating layer 7.

[0056] As shown in FIGS. 2 and 3, an insulating layer 7
may be arranged so as to cover an intermediate layer-protrud-
ing portion 6a while being in contact with a current collecting
substrate 3a or 5a. That is, the insulating layer 7 may be
arranged so as to cover the end edge of the intermediate layer
6. At the end edge ofthe intermediate layer 6, the intermediate
layer 6 is exposed by the thickness of the intermediate layer 6.
Thus, the insulating layer 7 covers the end edge of the inter-
mediate layer 6, and therefore, the contact area with the
intermediate layer 6 is increased. Meanwhile, in the insulat-
ing layer 7, an aqueous binder, which is low in affinity with
the carbonaceous material, is contained. Thus, the aqueous
binder can prevent the carbonaceous material from moving
into the insulating layer 7.

[0057] As shown in FIG. 3, an insulating layer 7 may be
arranged so as to cover an active material layer 35 or 513 and
an intermediate layer-protruding portion 6a while being in
contact with a current collecting substrate 3a or 5a. The
insulating layer 7 may be arranged so as to cover only a part
of the active material layer 35 or 5b.

[0058] For more details, for example, as shown in FIG. 1 to
FIG. 3, an electrode assembly 2 in the energy storage device
of'the present embodiment includes a sheet-like positive elec-
trode 3 and a sheet-like negative electrode 5 overlapped with
the positive electrode 3 as a pair of electrodes. Moreover, the
electrode assembly 2 includes a separator 4 arranged between
the positive electrode 3 and the negative electrode 5.

[0059] For example, the electrode assembly 2 in the energy
storage device 1 of the present embodiment forms a nonaque-
ous electrolyte secondary battery 1 such as a lithium ion
secondary battery.

[0060] A negative electrode 5 includes a negative current
collecting substrate 5a as a current collecting substrate, and
moreover, includes a negative active material layer 56, which
contains a negative active material, as an active material layer.

[0061] In the meantime, a positive electrode 3 includes a
positive current collecting substrate 3a as a current collecting
substrate, and moreover, includes a positive active material
layer 3b, which contains a positive active material and is
arranged at least at one surface of the positive current collect-
ing substrate 3a, as an active material layer. Furthermore, the
positive electrode 3 includes an intermediate layer 6, which
contains a carbonaceous material and is arranged between the
positive current collecting substrate 3a and the positive active
material layer 3, and an insulating layer 7, which contains an
insulating material.

[0062] The positive electrode 3 and the negative electrode 5
are overlapped via a separator 4 so that the negative active
material layer 556 and the positive active material layer 35 face
each other.

[0063] Theintermediate layer 6, the positive active material
layer 3b, and the insulating layer 7 in the positive electrode 3
each contain a binder. The binder contained in the insulating
layer 7 is an aqueous binder, and each of the binders contained
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in the positive active material layer 35 and the intermediate
layer 6 is a nonaqueous binder.

[0064] Since the binder contained in the insulating layer 7
is an aqueous binder, and each of the binders contained in the
positive active material layer 35 and the intermediate layer 6
is a nonaqueous binder, the affinity between the aqueous
binder and the nonaqueous binder is relatively low. Moreover,
as described above, the aqueous binder is low in affinity with
the carbonaceous material, and the nonaqueous binder is high
in affinity with the carbonaceous material. Thus, as described
above, the aqueous binder can prevent the carbonaceous
material from moving into the insulating layer 7. Thus, it is
possible to sufficiently enhance the insulation performance of
the insulating layer 7. In the case where the aqueous binder
contained in the insulating layer 7 is a binder which is soluble
in water, the binder can more effectively prevent the carbon-
aceous material from moving into the insulating layer 7, and
thus the aqueous binder is preferably a binder which is soluble
in water (hereinafter, also referred to as water-soluble binder).

[0065] The binder contained in the insulating layer 7 is an
aqueous binder which is dispersible or soluble in water.

[0066] As the aqueous binder, a water-soluble binder
(aqueous binder which is soluble in water) having a solubility
of'not less than 1 part by mass thereof'in 100 parts by mass of
water at 20° C. is preferred.

[0067] As the aqueous binder, preferred is at least one kind
selected from the group consisting of polyethylene oxide
(polyethylene glycol), polypropylene oxide (polypropylene
glycol), polyvinyl alcohol, polyacrylic acid, polymethacrylic
acid, polytetrafluoroethylene (PTFE), a styrene butadiene
rubber (SBR), polyolefin, a nitrile-butadiene rubber and cel-
Iulose, and more preferred is at least one water-soluble binder
selected from the group consisting of polyethylene oxide
(polyethylene glycol), polypropylene oxide (polypropylene
glycol), polyvinyl alcohol, polyacrylic acid and poly-
methacrylic acid.

[0068] On the other hand, the nonaqueous binder is a binder
which is lower in water solubility than the aqueous binder.

[0069] As the nonaqueous binder, a binder having a solu-
bility of less than 1 part by mass thereof in 100 parts by mass
of water at 20° C. is preferred.

[0070] Examples of the nonaqueous binder include polyvi-
nylidene fluoride (PVDF), a copolymer of vinylidene fluoride
and hexafluoropropylene, a copolymer of ethylene and vinyl
alcohol, polyacrylonitrile, polyphosphazene, polysiloxane,
polyvinyl acetate, polymethyl methacrylate, polystyrene,
polycarbonate, polyamide, polyimide, polyamideimide, a
crosslinked polymer of cellulose and chitosan pyrrolidone
carboxylate, and a derivative of chitin or chitosan.

[0071] Examples of the derivative of chitosan include a
polymer compound, glyceryl chitosan, and a crosslinked
body of chitosan.

[0072] The nonaqueous binder contained in the intermedi-
ate layer 6 is preferably at least one kind selected from the
group consisting of polyvinylidene fluoride, a derivative of
chitosan and a polyimide in that they are higher in affinity
with the carbonaceous material and capable of further pre-
venting the carbonaceous material from diffusing into the
insulating layer 7.

[0073] The nonaqueous binder contained in the positive
active material layer 35 is preferably at least one kind selected
from the group consisting of polyvinylidene fluoride, a
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copolymer of ethylene and vinyl alcohol and polymethyl
methacrylate in that they are excellent in binding property or
low in electrical resistance.

[0074] The electrode assembly 2 is formed in a belt-like
shape. Moreover, for example, as shown in FIG. 7, the elec-
trode assembly 2 is wound to be used.

[0075] As shown in FIG. 1 to FIG. 3 which are cross-
sectional views obtained by cutting the electrode assembly 2
along the width direction of the electrode, the electrode
assembly 2 includes a sheet-like positive electrode 3, a sheet-
like negative electrode 5 and a sheet-like separator 4 arranged
between the positive electrode 3 and the negative electrode 5.
[0076] The positive electrode 3 is formed in a rectangular
shape such as a belt-like shape. The thickness of the positive
electrode 3 is usually 35 to 250 pm.

[0077] For example, as shown in FIG. 1 to FIG. 3, the
positive electrode 3 has a belt-like positive current collecting
substrate 3a, a belt-like positive active material layer 36
arranged at the negative electrode 5 side from the positive
current collecting substrate 3a, an intermediate layer 6
arranged between the positive current collecting substrate 3a
and the positive active material layer 35, and a belt-like insu-
lating layer 7 covering at least one of the side faces (end faces)
in the width direction of the intermediate layer 6.

[0078] The positive active material layer 35 is arranged so
as to face the separator 4 and so as to be in contact with the
separator 4 directly or via the insulating layer 7.

[0079] For example, as shown in FIG. 1 to FIG. 3, the
negative electrode 5 has a belt-like negative current collecting
substrate 5a, and a belt-like negative active material layer 56
arranged at the positive electrode 3 side from the negative
current collecting substrate 5a.

[0080] The negative active material layer 56 of the negative
electrode 5 is arranged so as to face the separator 4 and so as
to be in contact with the separator 4. The thickness of the
negative electrode 5 is usually 35 to 250 um.

[0081] The separator 4 is formed in, for example, a belt-like
shape and arranged between the positive electrode 3 and the
negative electrode 5 in order to prevent the electrical connec-
tion between the positive electrode 3 and the negative elec-
trode 5. The thickness of the separator 4 is usually 5 to 50 um.
[0082] In the electrode assembly 2, for example, as shown
in FIG. 1 to FIG. 3, the negative active material layer 55 has
anend edge arranged outside from the end edge of the positive
active material layer 356 facing the negative active material
layer 55.

[0083] For example, as shown in FIG. 1 to FIG. 3, the
intermediate layer 6 has an intermediate layer-protruding por-
tion 6a protruded outside from the end edge of the positive
active material layer 35, and the intermediate layer-protrud-
ing portion 6a is arranged so as to face the end edge of the
negative active material layer 55.

[0084] For example, as shown in FIG. 1 to FIG. 3, the
insulating layer 7 is arranged so as to face the end edge of the
negative active material layer 54, and furthermore, the insu-
lating layer 7 is arranged so as to cover the negative electrode
5 side of the intermediate layer-protruding portion 6a while
being in contact with the end edge of the positive active
material layer 35.

[0085] Preferably, in the electrode assembly 2, as shown in
FIG. 1 to FIG. 3, in the width direction of the electrode, both
end edges of the negative active material layer 55 are arranged
outside from both end edges of the positive active material
layer 3b, respectively. That is, at both sides in the width
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direction of the positive electrode and the negative electrode,
the respective end edges of the negative active material layer
5b are protruded outside from the respective end edges of the
positive active material layer 35.

[0086] The electrode assembly 2 has such a configuration,
and therefore, ion components such as Li ions which have
moved from the positive active material layer 35 to the nega-
tive electrode 5 side at the time of charging can be sufficiently
occluded into the negative active material in the negative
active material layer 5b.

[0087] Moreover, at one side in the width direction of the
electrode assembly 2, the end edge of the negative active
material layer 55 is arranged inside from the end edge of the
intermediate layer 6 of the positive electrode 3, and outside
from the end edge of the positive active material layer 35 of
the positive electrode 3. That is, the negative active material
layer 54 is protruded outside from the end edge of the positive
active material layer 35, and the intermediate layer 6 is pro-
truded outside from the protruding end edge of the negative
active material layer 54. Furthermore, the protruding portion
of such an intermediate layer (intermediate layer-protruding
portion 6a) faces the end edge of the negative active material
layer 55.

[0088] Furthermore, at one side in the width direction of the
electrode assembly 2, at least a part of the insulating layer 7 in
the positive electrode 3 faces the end edge of the negative
active material layer 5b. Thus, a short circuit caused by a
foreign substance which has intruded into the end portion of
the electrode assembly 2 can be prevented by the insulating
layer 7.

[0089] Inthisconnection, although a short circuit caused by
a foreign substance can also be prevented by the separator 4,
there is a case where a foreign substance breaks through the
separator. Even in such a case, it is possible to prevent a short
circuit by the insulating layer 7.

[0090] In this connection, there is a case where a short
circuit is not only caused by a foreign substance but also
caused accompanied with the contact between the positive
electrode 3 and the negative active material layer 56 by
shrinkage or displacement of the separator. Even in such a
case, it is possible to prevent a short circuit by the insulating
layer 7.

[0091] Meanwhile, at least at a part of the other side in the
width direction of the electrode assembly 2, the end edge of
the negative active material layer 55 is arranged outside from
the end edge of the positive electrode 3. Moreover, the nega-
tive current collecting substrate Sa has a portion protruded
outside from the end edge of the negative active material layer
5b. That is, the end edge of the negative current collecting
substrate Sa is protruded outside from the end edge of the
negative active material layer 55.

[0092] Such a configuration makes it easy to take in and out
the electricity from the current collecting substrate (negative
current collecting substrate 5a).

[0093] Although the material for the positive current col-
lecting substrate 3a is not particularly limited, for example,
aluminum is employed. The shape of the positive current
collecting substrate 3a is usually a foil-like shape. The thick-
ness of the positive current collecting substrate 3a is usually
5to 50 um.

[0094] For example, the positive active material layer 35
extends along at least one surface of the positive current
collecting substrate 3a.
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[0095] The positive active material layer 35 contains a posi-
tive active material, a conductive additive, and a binder. The
thickness of the positive active material layer 34 is usually 30
to 200 pm.

[0096] Examples of the positive active material include a
material capable of occluding and releasing lithium ions.
[0097] The positive active material is usually formed in a
particle-like shape.

[0098] Examples of the positive active material include a
composite oxide represented by Li,MO, (M represents at
least one transition metal) (such as Li CoO,, LiNO,,
LianzOé}, LianO3, LiNi,Co, ,0,, Li,Ni,Mn,Co, _, .,
O,, and Li, Ni Mn, ,0,).

[0099] Moreover, examples of the positive active material
include a polyanion compound represented by Li, Me, (XO,),
(Me represents at least one transition metal and examples of
X include P, Si, B and V) (such as LiFePO,, LiMnPO,,
LiNiPO,, LiCoPO,, Li;V,(PO,);, Li,MnSiO,, and
Li,CoPO,F).

[0100] An element in these compounds or a part of the
polyanion may be substituted with another element or anionic
species.

[0101] Moreover, the surface of the positive active material
may be coated with a metal oxide such as ZrO,, MgO and
Al O, or carbon.

[0102] Furthermore, although examples of the positive
active material include disulfide, a conductive polymer com-
pound such as polypyrrole, polyaniline, polyparastyrene,
polyacetylene and a polyacene-based material, and a pseudo
graphite structure carbonaceous material, the positive active
material is not limited thereto.

[0103] As the positive active material, these compounds
may be used alone and may be used as a mixture of two or
more thereof.

[0104] The conductive additive is not particularly limited,
and examples thereof include a carbonaceous material such
as ketjen black, acetylene black, graphite, and coke powder.
[0105] For the binder contained in the positive active mate-
rial layer 35, both of the aqueous binder and the nonaqueous
binder described above can be used. As the binder contained
in the positive active material layer 35, the nonaqueous binder
is preferred.

[0106] In the positive electrode 3, the positive active mate-
rial layer 35 may be formed at each of both faces of the
positive current collecting substrate 3a.

[0107] It is preferred that the intermediate layer 6 have
sufficient adhesive properties to the current collecting sub-
strate (positive current collecting substrate 3a). That is, it is
preferred that the intermediate layer 6 have a sufficiently high
peel strength to the current collecting substrate.

[0108] Itis preferred that the intermediate layer 6 be higher
in electron conductivity than the active material layer (posi-
tive active material layer 35).

[0109] The intermediate layer 6 contains at least a carbon-
aceous material as a conductive material, and a binder.
[0110] Since the intermediate layer 6 contains a carbon-
aceous material, the intermediate layer 6 forms an electronic
path between the positive current collecting substrate 3a and
the positive active material layer 35. Moreover, since the
intermediate layer 6 contains a binder (binding agent), the
peeling of each of the positive current collecting substrate 3a
and the positive active material layer 35 can be prevented.
[0111] In this connection, the thickness of the intermediate
layer 6 is usually 0.1 to 10 pm.
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[0112] The carbonaceous material usually has an electrical
conductivity of not less than 107¢ S/m.

[0113] Examples ofthe carbonaceous material include car-
bon black and graphite.

[0114] For example, an electrode comprises the insulating
layer 7 in order to prevent a short circuit between electrodes
(between the positive electrode 3 and the negative electrode
5).

[0115] The insulating layer 7 contains at least an insulating
material and a binder.

[0116] Forexample, asshownin FIG.1, theinsulating layer
7 is arranged so as to face the end edge of the negative active
material layer 55, and furthermore, arranged so as to cover the
negative electrode 5 side of the intermediate layer-protruding
portion 6a while being in contact with the end edge (end face)
of the positive active material layer 35.

[0117] The insulating layer 7 is arranged in this way, and
therefore the insulating layer 7 exists at a position facing the
end edge of the negative active material layer 5b. Thus, it is
possible to prevent a short circuit caused by a foreign sub-
stance, which has intruded into the end portion of the elec-
trode assembly 2, by the insulating layer 7.

[0118] In this connection, there is a case where a short
circuit is not only caused by a foreign substance but also
caused accompanied with the contact between the positive
electrode 3 and the negative active material layer 556 caused by
contraction or displacement of the separator. Even in such a
case, it is possible to prevent a short circuit by the insulating
layer 7.

[0119] Moreover, for example, as shown in FIG. 2, it is
preferred that the insulating layer 7 be arranged so as to cover
the negative electrode 5 side of the intermediate layer-pro-
truding portion 6a while being in contact with the positive
current collecting substrate 3a outside from the intermediate
layer-protruding portion 6a.

[0120] The insulating layer 7 is arranged in this way, and
therefore the positive current collecting substrate 3a facing
the end edge of the negative active material layer 55 is further
widely covered with the insulating layer 7. Thus, it is possible
to further surely prevent a short circuit caused by a foreign
substance which has intruded into the end portion of the
electrode assembly 2.

[0121] In this connection, there is a case where a short
circuit is not only caused by a foreign substance but also
caused accompanied with the contact between the positive
current collecting substrate 3a and the negative active mate-
rial layer 5b caused by contraction or displacement of the
separator. Even in such a case, it is possible to prevent a short
circuit by the insulating layer 7.

[0122] Moreover, for example, as shown in FIG. 3, the
insulating layer 7 may be arranged so as to further cover the
face of the positive active material layer 35 which faces the
negative electrode 5.

[0123] Theinsulating layer 7 arranged in this way is formed
by a porous material so that Li ions and the like can move
between the positive electrode 3 and the negative electrode 5.
[0124] In the case where the electrical resistance of the
insulating layer 7 is higher than the electrical resistance of the
active material layer (positive active material layer 35), the
insulating layer 7 is formed as mentioned above, and thus it is
possible to suppress a short circuit caused by the contact
between the active material layer (positive active material
layer 3b) and the counter electrode (negative electrode 5). In
the case where the electrical resistance of the negative active
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material layer 5b is smaller than that of the positive active
material layer 34, it is preferred that the above-mentioned
insulating layer 7 be formed on the negative electrode rather
than the positive electrode.

[0125] The insulating material is higher in electrical resis-
tance than the carbonaceous material.

[0126] For details, the insulating material has an electrical
conductivity of less than 107° S/m.

[0127] Examples of the insulating material include inor-
ganic particles and a resin.

[0128] Examples of the inorganic particles include oxide
particles, nitride particles, ion crystal particles, covalent crys-
tal particles, clay particles, and particles of substances
derived from mineral resources and artificial substances
thereof.

[0129] Examples of fine oxide particles include particles
made from iron oxide, SiO,, Al,O;, TiO,, BaTiO,, ZrO, an
alumina-silica composite oxide, and the like.

[0130] Examples of the nitride particles include particles
made from aluminum nitride, silicon nitride, and the like.
[0131] Examples of the ion crystal particles include par-
ticles made from calcium fluoride, barium fluoride, barium
sulfate, and the like.

[0132] Examples of the covalent crystal particles include
particles made from silicon, diamond, and the like.

[0133] Examples of the clay particles include particles
made from talc, montmorillonite, and the like.

[0134] Examples of the particles made from substances
derived from mineral resources or artificial substances
thereof include particles made from boehmite (hydrated alu-
mina), zeolite, apatite, kaolin, mullite, spinel, olivine, seric-
ite, bentonite, mica, and the like.

[0135] As the inorganic particles, one kind of particles
mentioned above, a mixture thereof, or a composite thereof
can be employed.

[0136] As the inorganic particles, preferred is at least one
kind of SiO, particles, Al,O; particles, boechmite (hydrated
alumina), and alumina-silica composite oxide particles.
[0137] The separator 4 allows the passage of an electrolyte
solution 9 (described below) while preventing the electrical
connection between the positive electrode 3 and the negative
electrode 5.

[0138] From the viewpoint of being capable of further
surely preventing a short circuit, it is preferred that the width
of the separator 4 be greater than the width of the positive
active material layer 3b. Moreover, the width of the separator
4 is preferably greater than the width of the negative active
material layer 55.

[0139] The thickness of the separator 4 is usually 5 to 50
pm.
[0140] The separator 4 may be made of a single layer and

may be made of a plurality of layers.

[0141] Although the material for the negative current col-
lecting substrate 5a is not particularly limited, for example,
copper is employed.

[0142] The shape of the negative current collecting sub-
strate 5a is usually a foil-like shape. The thickness of the
negative current collecting substrate 5a is usually 5 to 50 um.
[0143] For example, the negative active material layer 55
extends along at least one surface of the negative current
collecting substrate Sa.

[0144] The negative active material layer 56 contains a
negative active material and a binder, and can further contain
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a conductive additive. The thickness of the negative active
material layer 554 is usually 30 to 200 pm.

[0145] The negative active material is a substance capable
of contributing to the electrode reaction of charge reaction
and discharge reaction in the negative electrode 5. The nega-
tive active material is usually formed in a particle-like shape.
[0146] The negative active material is not particularly lim-
ited, and for example, a carbon-based substance such as
amorphous carbon, hardly graphitized carbon, easily graphi-
tized carbon, and graphite can be used.

[0147] As the binder contained in the negative active mate-
rial layer 55, the same binder as the above-described binder
contained in the positive active material layer 35 is employed.
[0148] In this connection, in the negative electrode 5, the
negative active material layer 56 may be formed at each of
both faces of the negative current collecting substrate 5a.
[0149] In the electrode assembly 2 mentioned above, as
shown in FIG. 1 to FIG. 3, the intermediate layer 6 has an
intermediate layer-protruding portion 6a. On the other hand,
as shown in FIG. 4, the electrode assembly 2 may have no
intermediate layer-protruding portion 6« in the intermediate
layer 6. That is, in the electrode assembly 2, the intermediate
layer 6 and the positive active material layer 35 may be
formed so as to have the same length in the width direction,
and each of both end edges in the width direction of the
intermediate layer 6 and each of both end edges in the width-
wise direction of the positive active material layer 35 may be
overlapped with each other in the thickness direction.
[0150] Moreover, in the electrode assembly 2 mentioned
above, as shown in FIG. 1 to FIG. 3, both end edges in the
width direction of the negative active material layer 55 are
arranged outside from both end edges of the positive active
material layer, respectively. However, in the electrode assem-
bly 2, as shown in FIG. 5, the positive active material layer 35
and the negative active material layer 56 may be formed so as
to have the same length in the width direction, and both end
edges in the width direction of the positive active material
layer 35 may be opposite to both end edges in the width
direction ofthe negative active material layer 54, respectively.
[0151] Moreover, in the electrode assembly 2 mentioned
above, as shown in FIG. 1 to FIG. 3, the positive electrode 3
includes the intermediate layer 6, but, in an electrode assem-
bly 2, as shown in FIG. 6, the negative electrode 5 may
include the intermediate layer 6.

[0152] In this connection, the embodiments of the interme-
diate layer 6 and the insulating layer 7 in the positive electrode
3 described in FIG. 1 to FIG. 3, and the binders contained in
respective layers of the positive electrode 3 can be similarly
employed as those for the negative electrode 5.

[0153] One example of an energy storage device 1 of the
present embodiment includes a nonaqueous electrolyte sec-
ondary battery 1 shown in FIG. 8 to FIG. 11.

[0154] As shown in FIG. 8 to FIG. 11, the nonaqueous
electrolyte secondary battery 1 mentioned above includes the
above-described electrode assembly 2. For example, the elec-
trode assembly 2 forms the nonaqueous electrolyte secondary
battery 1 in such a winding state as shown in FIG. 7.

[0155] For details, the nonaqueous electrolyte secondary
battery mentioned above includes a case 8, an electrolyte
solution 9 accommodated in the case 8, two external gaskets
12 attached on the outer face of the case 8, an electrode
assembly 2 accommodated in the case 8, two current collect-
ing parts 10 electrically connected to the electrode assembly
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2, and two external terminals 11 electrically connected to the
two current collecting parts 10, respectively.

[0156] Asshown in FIG. 8, the case 8 has a case main body
8a which has an opening in one direction and accommodates
the electrode assembly 2, and a plate-like lid body 85 which
closes the opening of the case main body 8a. For example, the
case main body 8a and the lid body 84 are formed by an
aluminum-based metal material such as aluminum and an
aluminum alloy, and are welded to each other.

[0157] For example, the shape seen from one side of the lid
body 85 is a rectangular shape. The lid body 85 is formed so
as to air-tightly close the opening of the case main body 8a.

[0158] Moreover, two openings are formed in the lid body
8b.
[0159] On the outer face of the lid body 84, two external

gaskets 12 are attached. An opening is formed in each of the
external gaskets 12. The lid body 84 and the external gaskets
12 are arranged so that one opening of the 1id body 84 and the
opening of one external gasket 12 are continued to each other.
The same holds true for the other opening of the lid body 85
and the opening of the other external gasket 12. Inside the
openings continued to each other, parts of respective external
terminals 11 are arranged. Moreover, an insulating member
which s not illustrated is further arranged between each of the
external terminals 11 and the lid body 85, and each of the
external terminals 11 and the lid body 86 are insulated with
the insulating member.

[0160] The external terminals 11 are each connected to the
two current collecting parts 10, which are connected to the
electrode assembly 2, respectively. Moreover, each of the
current collecting parts 10 is electrically connected to the
electrode assembly 2. That is, each of the external terminals
11 is electrically connected to the electrode assembly 2 via
each of the two current collecting parts 10.

[0161] For example, the external terminal 11 is formed by
an aluminum-based metal material such as aluminum and an
aluminum alloy.

[0162] With regard to the external gasket 12, the current
collecting part 10, and the external terminal 11, there are ones
for the positive electrode and ones for the negative electrode.
[0163] The external gasket 12, the current collecting part
10, and the external terminal 11 for the positive electrode are
each arranged at one end side in the longitudinal direction of
the lid body 84. On the other hand, the external gasket 12, the
current collecting part 10, and the external terminal 11 for the
negative electrode are each arranged at the other end side in
the longitudinal direction of the 1id body 84.

[0164] As shown in FIG. 11, the electrode assembly 2 is
accommodated inside the case main body 8a of the case 8.
[0165] Inside the case 8, one electrode assembly 2 may be
accommodated, and a plurality of electrode assemblies may
be accommodated. In the latter case, the plurality of electrode
assemblies are electrically connected in parallel to each other.
[0166] Asshownin FIG. 11, the electrolyte solution 9 as an
electrolyte is accommodated inside the case main body 8a,
and the electrode assembly 2 is immersed in the electrolyte
solution 9. That is, the electrode assembly 2 and the electro-
lyte solution 9 are included inside the case main body 8a.
[0167] The electrolyte solution 9 (nonaqueous electrolyte)
is prepared by dissolving an electrolyte salt in an organic
solvent.

[0168] Examples of the organic solvent include nonaque-
ous solvents such as ethylene carbonate, propylene carbon-
ate, butylene carbonate, trifluoropropylene carbonate, y-bu-
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tyrolactone, y-valerolactone, sulfolane, 1,2-
dimethoxyethane, 1,2-diethoxyethane, tetrahydrofuran,
2-methyltetrahydrofuran, 2-methyl-1,3-dioxolane, diox-
olane, fluoroethyl methyl ether, ethylene glycol diacetate,
propylene glycol diacetate, ethylene glycol dipropionate,
propylene glycol dipropionate, methyl acetate, ethyl acetate,
propyl acetate, butyl acetate, methyl propionate, ethyl propi-
onate, propyl propionate, dimethyl carbonate, diethyl carbon-
ate, ethyl methyl carbonate, methyl propyl carbonate, ethyl
propyl carbonate, dipropyl carbonate, methyl isopropyl car-
bonate, ethyl isopropyl carbonate, diisopropyl carbonate,
dibutyl carbonate, acetonitrile, fluoroacetonitrile, alkoxy-
and halogen-substituted cyclic phosphazenes or linear phos-
phazenes including ethoxypentafluoro cyclotriphosphazene,
diethoxytetrafluoro  cyclotriphosphazene, phenoxypen-
tafluoro cyclotriphosphazene and the like, phosphoric acid
esters including triethyl phosphate, trimethyl phosphate, trio-
ctyl phosphate and the like, boric acid esters including triethyl
borate, tributyl borate and the like, N-methyloxazolidinone,
and N-ethyloxazolidinone.

[0169] No particular limitation is put on the electrolyte salt,
and examples thereof include ionic compounds such as
LiClO,, LiBF,, LiAsF,, LiPF, LiCF3S0,, LiN(SO,CF,),,
LIN(SO,C,F5),, LIN(SO,CF,)(SO,C,F,), LiSCN, LiBr, Lil,
Li,80,, Li,B,Cl,,, NaClO,, Nal, NaSCN, NaBr, KC1O,
and KSCN, and mixtures of two or more thereof.

[0170] In this connection, the electrolyte solution 9 (non-
aqueous electrolyte) can further contain a known additive.

[0171] As the electrolyte solution 9 (nonaqueous electro-
lyte), a solvent prepared by mixing ethylene carbonate, dim-
ethyl carbonate and methyl ethyl carbonate is preferred in that
the conductivity of Li ions is heightened.

[0172] Subsequently, the method for producing a nonaque-
ous electrolyte secondary battery 1 as one example of the
energy storage device of the present embodiment will be
described.

[0173] For example, an electrode assembly 2 constituting
the nonaqueous electrolyte secondary battery 1 is produced
by overlapping (superimposing) a sheet-like positive elec-
trode 3 and a sheet-like negative electrode 5 via a separator 4.
[0174] Moreover, the nonaqueous electrolyte secondary
battery 1 is produced by accommodating the prepared elec-
trode assembly 2 and an electrolyte solution 9 in a case 8.

[0175] For details, for example, the method for producing
an electrode assembly 2 includes a negative electrode-prepar-
ing step of preparing a negative electrode 5, a positive elec-
trode-preparing step of preparing a positive electrode 3, and
an overlapping step of overlapping the negative electrode 5
and the positive electrode 3. In the negative electrode-prepar-
ing step, a negative active material layer 55 is formed from a
negative composite containing a negative active material and
a solvent. The positive electrode-preparing step includes an
intermediate layer-forming step of forming an intermediate
layer 6, a positive active material layer-forming step of form-
ing a positive active material layer 35, and an insulating
layer-forming step of forming an insulating layer 7. The inter-
mediate layer 6 is formed by applying a composition for an
intermediate layer containing a carbonaceous material, a non-
aqueous binder and a solvent to one face of a positive current
collecting substrate 3a. A positive active material layer 35 is
formed by applying a positive composite containing a posi-
tive active material, a nonaqueous binder and a solvent on the
intermediate layer. An insulating layer 7 is formed from a
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composition for an insulating layer containing an insulating
material, an aqueous binder and a solvent.

[0176] Inthe positive active material layer-forming step, in
order to form an intermediate layer-protruding portion 6a, the
positive composite can be applied so that at least a part of the
intermediate layer is protruded outside from the applied posi-
tive composite.

[0177] In the insulating layer-forming step, the composi-
tion for an insulating layer can be applied so that the end edge
of the positive active material layer and the composition for
aninsulating layer to be applied are in contact with each other.
Moreover, the composition for an insulating layer can be
applied so that the exposed face of'a portion protruded outside
of the intermediate layer is covered.

[0178] In the overlapping step, a positive electrode 3 and a
negative electrode 5 can be overlapped so that the formed
negative active material layer 5b and the formed positive
active material layer 35 face each other, and furthermore, at
least a part of the end edge of the negative active material
layer 54 faces the insulating layer 7.

[0179] In the negative electrode-preparing step, for
example, a negative active material and a binder are mixed,
and the mixture is added to a solvent and kneaded to prepare
a negative composite. The negative composite is applied to
one face of a belt-like negative current collecting substrate 5a.
The negative composite is applied so that the width of the
negative active material layer 5b is wider than that of the
positive active material layer 34 in the width direction of the
negative current collecting substrate 5a. Then, the solvent is
evaporated from the applied negative composite.

[0180] Thus, a negative electrode 5 in which the negative
active material layer 5b is formed on the negative current
collecting substrate 5a is prepared.

[0181] In the positive electrode-preparing step, each of an
intermediate layer-forming step, a positive active material
layer-forming step, and an insulating layer-forming step is
performed.

[0182] Inthe intermediate layer-forming step, for example,
a carbonaceous material and a nonaqueous binder are mixed,
and the mixture is added to a solvent and kneaded to prepare
a composition for an intermediate layer. The composition for
an intermediate layer is applied to one face of a positive
current collecting substrate 3a. Furthermore, the solvent is
evaporated from the applied composition for an intermediate
layer.

[0183] Inthe intermediate layer-forming step, for example,
a composition for an intermediate layer is applied to one face
of'a positive current collecting substrate 3a so that a belt-like
portion on which the composition for an intermediate layer is
not applied is left at one side in the width direction of the
belt-like positive current collecting substrate 3a.

[0184] In the positive active material layer-forming step,
for example, a positive active material, a carbonaceous mate-
rial as a conductive additive, and a nonaqueous binder are
mixed, and the mixture is added to a solvent and kneaded to
prepare a positive composite. The positive composite is
applied on the intermediate layer. Then, the solvent is evapo-
rated from the applied positive composite.

[0185] When the positive composite is applied on the inter-
mediate layer, the intermediate layer may still contain a sol-
vent or the solvent may have been already evaporated from
the intermediate layer by drying.

[0186] In the positive active material layer-forming step,
for example, a positive composite is applied on the interme-
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diate layer so that a belt-like portion on which the positive
composite is not applied is left at a side where a portion on
which the composition for an intermediate layer is not applied
is provided in the positive current collecting substrate 3a.
[0187] Intheinsulating layer-forming step, for example, an
insulating material and an aqueous binder are mixed, and the
mixture is added to a solvent and kneaded to prepare a com-
position for an insulating layer. The composition for an insu-
lating layer is applied on the intermediate layer. Then, the
solvent is evaporated from the applied composition for an
insulating layer.

[0188] When the composition for an insulating layer is
applied, the positive active material layer or the intermediate
layer may still contain a solvent or the solvent may have been
already evaporated from the positive active material layer or
the intermediate layer by drying.

[0189] In the insulating layer-forming step, for example, a
composition for an insulating layer is applied on a portion on
which the positive composite is not applied in the intermedi-
ate layer.

[0190] Moreover, in the insulating layer-forming step, for
example, a composition for an insulating layer can be applied
so as to further cover a part of the positive current collecting
substrate 3a.

[0191] Moreover, in the insulating layer-forming step, for
example, furthermore, a composition for an insulating layer
can be applied so as to thoroughly cover the surface of the
positive active material layer.

[0192] In the positive electrode-preparing step, each step
can be separately performed. Specifically, in the intermediate
layer-forming step, the solvent is evaporated from the inter-
mediate layer, after which a positive active material layer-
forming step can be performed. Then, in the positive active
material layer-forming step, the solvent is evaporated from
the positive composite, after which an insulating layer-form-
ing step can be performed.

[0193] On the other hand, in the positive electrode-prepar-
ing step, the composition for an intermediate layer is applied
in the intermediate layer-forming step, after which a positive
active material layer-forming step and an insulating layer-
forming step can be simultaneously performed. That is,
before the solvent is completely evaporated from the inter-
mediate layer, a positive composite and a composition for an
insulating layer can be simultaneously applied along the lon-
gitudinal direction ofthe belt-like current collecting substrate
so that the positive composite and the composition for an
insulating layer are adjacent to each other.

[0194] In the positive electrode-preparing step, even when
apositive composite and a composition for an insulating layer
are simultaneously applied in this way, the positive composite
contains the above-mentioned nonaqueous binder and the
composition for an insulating layer contains the above-men-
tioned aqueous binder. Thus, the affinity between the respec-
tive binders is relatively low and the respective binders can be
thus prevented from moving between the applied positive
composite and the applied composition for an insulating
layer.

[0195] Moreover, when the composition for an intermedi-
ate layer contains a carbonaceous material and the composi-
tion for an insulating layer contains inorganic particles, the
carbonaceous material is relatively high in hydrophobicity
and the inorganic particles are relatively high in hydrophilic-
ity, and thus the inorganic particles having hydrophilicity can
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prevent the carbonaceous material from moving into the com-
position for an insulating layer.

[0196] Inthis connection, as the application methods in the
positive electrode-preparing step and the negative electrode-
preparing step, a general method is employed.

[0197] In the overlapping step, a positive electrode 3, a
negative electrode 5 and a separator 4 are overlapped in a state
where the respective longitudinal directions are aligned. Spe-
cifically, a positive electrode 3 and a negative electrode 5 are
disposed so that the positive active material layer 35 and the
negative active material layer 55 face each other, and a sepa-
rator 4 is disposed between the positive electrode 3 and the
negative electrode 5. Furthermore, the positive electrode 3
and the negative electrode 5 are disposed and overlapped so
that the end edge of the negative active material layer 56 faces
the insulating layer 7 of the positive electrode 3 at one side in
the width direction of the negative current collecting substrate
Sa.

[0198] For example, a nonaqueous electrolyte secondary
battery is produced in the following manner.

[0199] That is, a current collecting part 10 is attached to
each of the positive electrode 3 and the negative electrode 5 in
the prepared electrode assembly 2. Next, the electrode assem-
bly 2 and the current collecting parts 10 attached to the elec-
trode assembly 2 are disposed inside the case main body 8a of
the case 8. In the case where there are a plurality of electrode
assemblies 2, for example, the current collecting parts 10 of
the electrode assemblies 2 are electrically connected in par-
allel to each other to be disposed inside the case main bodies
8a. Then, by caulking of rivet or welding, the external termi-
nal 11 inside the external gasket 12 attached to the lid body 85
and the current collecting parts 10 are connected, after which
the lid body 85 is attached to the case main body 8a.

[0200] Subsequently, an electrolyte solution 9 is injected
into the case 8 through a liquid injection hole provided in the
case 8. Then, the liquid injection hole is sealed. As the elec-
trolyte solution 9, for example, an electrolyte solution pre-
pared by blending LiPF into a mixed solvent of ethylene
carbonate (EC):dimethyl carbonate (DMC):ethyl methyl car-
bonate (EMC)=3:2:5 (volume ratio) is employed. Further-
more, a known additive may be added to the electrolyte solu-
tion 9.

[0201] As stated above, a nonaqueous electrolyte second-
ary battery can be produced.

[0202] In the above-mentioned embodiment, a sheet-like
positive electrode 3 and a sheet-like negative electrode 5 are
overlapped via a separator, after which those are wound to
form an electrode assembly as shown in FIG. 7. However, the
electrode assembly of the present embodiment is not limited
to a winding type assembly, and for example, the electrode
assembly may be a stacked type assembly prepared by stack-
ing a plurality of positive electrodes and a plurality of nega-
tive electrodes. With regard to the positive electrode or the
negative electrode which forms a stacked type electrode
assembly, an intermediate layer-protruding portion 6a and an
insulating layer 7 may be arranged at both end parts in the
width direction and both end parts in the longitudinal direc-
tion orthogonal to the width direction.

[0203] In the above-mentioned embodiment, although a
nonaqueous electrolyte secondary battery as an energy stor-
age device is described as an example, the energy storage
device in accordance with one embodiment of the present
invention is not limited to the nonaqueous electrolyte second-
ary battery, and for example, the energy storage device may
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be a capacitor. The energy storage device in accordance with
one embodiment of the present invention is preferably a non-
aqueous electrolyte secondary battery, more preferably a
lithium ion secondary battery. Moreover, the energy storage
device in accordance with one embodiment of the present
invention may be a capacitor, and specifically, a lithium ion
capacitor or an ultracapacitor.

[0204] Moreover, the present invention relates not only to
the above-mentioned energy storage device but also to an
energy storage module including at least one energy storage
device mentioned above.

[0205] For example, an energy storage module 20 in accor-
dance with one embodiment of the present invention includes
a plurality of energy storage devices exemplified above.
Moreover, the energy storage module includes a plurality of
bus bar members 13, each of which electrically connects
energy storage devices.

[0206] An example of the energy storage module 20 of the
present embodiment is shown in FIG. 12.

[0207] In the energy storage module 20 of the present
embodiment, for example, a plurality of energy storage
devices 1 (nonaqueous electrolyte secondary batteries 1),
each of which is formed into a rectangular shape in a top view,
are arranged so as to line up in the lateral direction of the
energy storage device 1 when seen from the upper side.
[0208] Moreover, energy storage devices 1 adjacent to each
other are in contact with each other.

[0209] In the energy storage module 20, energy storage
devices 1 adjacent to each other are electrically connected to
each other by a bus bar member 13. Then, the energy storage
module 20 is constituted so as to be charged and discharged
by all the respective energy storage devices 1 forming the
module.

[0210] According to a first aspect of the invention, the
energy storage device exerts an effect such that the device has
an insulating layer excellent in insulation properties.

What is claimed is:

1. An energy storage device comprising an electrode
assembly having a pair of electrodes overlapped with each
other,

at least one of the electrodes including a current collecting

substrate, an active material layer arranged on the cur-
rent collecting substrate, an intermediate layer arranged
between the current collecting substrate and the active
material layer, and an insulating layer arranged on the
current collecting substrate,

the active material layer containing an active material and

a first binder,

the intermediate layer containing a carbonaceous material

and a second binder,

the insulating layer containing an insulating material and a

third binder,

the second binder being a nonaqueous binder, and

the third binder being an aqueous binder.

2. The energy storage device according to claim 1, wherein
the first binder is a nonaqueous binder.

3. The energy storage device according to claim 2, wherein
the active material layer contains a carbonaceous material.

4. The energy storage device according to claim 1, wherein
the insulating material comprises inorganic particles.

5. The energy storage device according to claim 1, wherein
each of the pair of electrodes includes at least the active
material layer and the active material layers are each arranged
to face each other, and

May 28, 2015

the insulating layer of one electrode is arranged to face at
least a part of the end edge of the active material layer in
the other electrode.

6. The energy storage device according to claim 1, wherein,
in one electrode, the insulating layer is arranged to cover the
face of the active material layer, the face of the active material
layer facing the other electrode.

7.The energy storage device according to claim 1, wherein,
in one electrode, the insulating layer is arranged to cover the
face of the current collecting substrate, the face of the current
collecting substrate facing the other electrode.

8. The energy storage device according to claim 1, wherein
the intermediate layer has an intermediate layer-protruding
portion protruded outside from the end edge of the active
material layer, and

the insulating layer is arranged to cover the intermediate

layer-protruding portion while being in contact with the
current collecting substrate.

9. The energy storage device according to claim 1, wherein
the pair of electrodes corresponds to a positive electrode and
a negative electrode, respectively;

the positive electrode has a positive active material layer as

the active material layer, the intermediate layer, and the
insulating layer;

the negative electrode has a negative active material layer

as the active material layer;

the negative active material layer has an end edge arranged

outside from the end edge of the positive active material
layer facing the negative active material layer;

the intermediate layer has an intermediate layer-protruding

portion protruded outside from the end edge of the posi-
tive active material layer; and

the insulating layer is arranged to face the end edge of the

negative active material layer and is arranged to cover a
surface of the intermediate layer-protruding portion, the
surface of the intermediate layer-protruding portion fac-
ing the negative electrode while covering the end edge of
the positive active material layer.

10. An energy storage module comprising:

the energy storage device according to claim 1; and

a bus bar member electrically connected to the energy

storage device.

11. A method for producing an energy storage device
including an electrode assembly having a pair of electrodes
overlapped with each other, the method comprising:

an intermediate layer-forming step of applying a compo-

sition for an intermediate layer containing a carbon-
aceous material and a nonaqueous binder to a current
collecting substrate of at least one of the electrodes;

an active material layer-forming step of applying a com-

posite containing an active material and a nonaqueous
binder on the intermediate layer; and

an insulating layer-forming step of applying a composition

for an insulating layer containing an insulating material
and an aqueous binder on the intermediate layer or the
active material layer.

12. The method for producing an energy storage device
according to claim 11, wherein the active material layer-
forming step and the insulating layer-forming step are simul-
taneously performed.

13. The method for producing an energy storage device
according to claim 11, wherein the composite contains a
carbonaceous material.
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14. The method for producing an energy storage device
according to claim 11, wherein the insulating material con-
tains inorganic particles.

15. The method for producing an energy storage device
according to claim 11, wherein, in the insulating layer-form-
ing step, the composition for an insulating layer is applied on
a portion of the intermediate layer on which the composite is
not applied.





