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(54) POWER STORAGE CELL AND POWER STORAGE DEVICE

(57) A power storage cell 2 includes a cathode 11, layer 16. An inner edge P2 of a welded area 6 between

an anode 12, a separator 13, and a sealing portion 14.
The sealing portion 14 includes a first resin layer 15
spaced from a cathode active material layer 23 and ad-
hered to a first face 21a of the current collector 21, a
second resin layer 16 spaced from an anode active ma-
terial layer 24 and adhered to afirst face 22a of the current
collector 22, and a third resin layer 17 provided between
the first resin layer 15 and the second resin layer 16 and
welded to the first resin layer 15 and the second resin

the first resin layer 15 and the third resin layer 17 is po-
sitioned outward of an inner edge P1 of a bonded area
A1 between the first resin layer 15 and the current col-
lector 21. An inner edge P4 of a welded area 7 between
the second resin layer 16 and the third resin layer 17 is
positioned outward of an inner edge P3 of a bonded area
A2 between the second resin layer 16 and the current
collector 22.
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Description
Technical Field

[0001] The present disclosure relates to a power stor-
age cell and a power storage device.

Background Art

[0002] Patent Literature 1 discloses a bipolar battery
formed by bipolar electrodes being stacked via an insu-
lating layer, each bipolar electrode having a current col-
lector, a cathode layer formed on one surface of the cur-
rent collector, and an anode layer formed on the other
surface of the current collector. In this bipolar battery, a
resin layer is bonded to the peripheral edge portion of
the one surface and the other surface of the current col-
lector.

Citation List
Patent Literature

[0003] PatentLiterature 1: Japanese Unexamined Pat-
ent Publication No. 2019-175778

Summary of Invention
Technical Problem

[0004] In the battery disclosed in Patent Literature 1,
the displacement of the current collector is restricted by
the resin layerin abonded area with the resin layer. Thus,
when pressure increases abnormally in the cell, the cur-
rent collector deforms to expand inside the bonded area
starting from an inner edge of the bonded area. Stress
caused by the deformation of the current collector con-
centrates on the inner edge of the bonded area. Such
stress concentration weakens the bond between the cur-
rent collector and the resin layer, and may cause the
resin layer to peel away from the current collector. As a
result, sealability may be reduced.

[0005] It is an object of the present disclosure to pro-
vide a power storage cell and a power storage device
which are capable of suppressing the reduction in seal-
ability.

Solution to Problem

[0006] A power storage cell according to one aspect
of the present disclosure includes: a cathode having a
first current collector, and a cathode active material layer
provided on one surface of the first current collector; an
anode having a second current collector, and an anode
active material layer provided on one surface of the sec-
ond current collector and facing the cathode active ma-
terial layer; a separator disposed between the cathode
active material layer and the anode active material layer
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in a facing direction in which the cathode active material
layer and the anode active material layer face each other;
and a frame-like sealing portion disposed between the
first current collector and the second current collector to
surround a periphery of the cathode active material layer
and the anode active material layer when viewed in the
facing direction, the sealing portion sealing an electrolyte
in a space between the first current collector and the sec-
ond current collector, wherein the sealing portion in-
cludes: a first resin layer spaced from the cathode active
material layer and bonded to the one surface of the first
current collector; a second resin layer spaced from the
anode active material layer and bonded to the one sur-
face of the second current collector; and a third resin
layer provided between the first resin layer and the sec-
ond resin layer in the facing direction, and welded to the
first resin layer and the second resin layer, wherein an
inner edge of a welded area between the first resin layer
and the third resin layer is positioned outward of an inner
edge of a bonded area between the first resin layer and
the first current collector when viewed in the facing di-
rection, and wherein an inner edge of a welded area be-
tween the second resin layer and the third resin layer is
positioned outward of an inner edge of a bonded area
between the second resin layer and the second current
collector when viewed in the facing direction.

[0007] Inthe powerstorage cell above, the sealing por-
tion has the first resin layer bonded to one surface of the
first current collector, the second resin layer bonded to
one surface of the second current collector, and the third
resin layer provided between the first resin layer and the
second resin layer, and welded to the first resin layer and
the secondresin layer. The inner edge of the welded area
between the first resin layer and the third resin layer is
positioned outward of the inner edge of the bonded area
between the first resin layer and the first current collector,
and the inner edge of the welded area between the sec-
ond resin layer and the third resin layer is positioned out-
ward of the inner edge of the bonded area between the
second resin layer and the second current collector,
when viewed in the facing direction. Consequently, a por-
tion of stress generated by the deformation of the first
current collector and the second current collectoris trans-
ferred from the inner edge of the bonded area between
the first resin layer and the first current collector and the
inner edge of the bonded area between the second resin
layer and the second current collector, respectively, to
the inner edge of the welded area between the first resin
layer and the third resin layer and the inner edge of the
welded area between the second resin layer and the third
resin layer. Stress can thus be distributed, so that peeling
of the sealing portion from the first current collector and
the second current collector can be suppressed. As a
result, the reduction in sealability can be suppressed.
Additionally, the first resin layer and the second resin
layer are provided spaced from the cathode active ma-
terial layer and the anode active material layer. Thus,
excess space capable of containing gas thatis generated
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inside the power storage cell by various electrochemical
reactions that, forexample, accompany charging and dis-
charging can be secured.

[0008] Aninneredge ofthefirstresinlayerandaninner
edge of the second resin layer may be positioned inward
of an inner edge of the third resin layer when viewed in
the facing direction. In this case, excess space can be
more easily secured compared to a case in which the
inner edge of the third resin layer is at the same position
as the inner edge of the first resin layer and the inner
edge of the second resin layer.

[0009] Theinneredge of the bonded area between the
firstresin layer and the first current collector and the inner
edge of the bonded area between the second resin layer
and the second current collector may be positioned in-
ward of the inner edge of the third resin layer when viewed
in the facing direction.

[0010] The welded area between the first resin layer
and the third resin layer may overlap the bonded area
between the first resin layer and the first current collector
when viewed in the facing direction, and the welded area
between the second resin layer and the third resin layer
may overlap the bonded area between the second resin
layer and the second current collector when viewed in
the facing direction.

[0011] The bonded area between the first resin layer
and the first current collector may be formed by an entire
interface between the firstresin layer and the one surface
of the first current collector, and the bonded area between
the second resin layer and the second current collector
may be formed by an entire interface between the second
resin layer and the one surface of the second current
collector. In this case, the peeling of the sealing portion
from the first current collector and the second current
collector can be effectively suppressed.

[0012] Thicknesses of the first resin layer and the sec-
ond resin layer may be less than or equal to a thickness
of the third resin layer in the facing direction. In this case,
the stress generated by the deformation of the first cur-
rent collector and the second current collector tends to
be applied more strongly to the inner edge of the welded
area between the first resin layer and the third resin layer
and the inner edge of the welded area between the sec-
ond resin layer and the third resin layer than to the inner
edge of the bonded area between the first resin layer and
the first current collector and the inner edge of the bonded
area between the second resin layer and the second cur-
rent collector. The weld strength between the first resin
layer and the third resin layer is greater than the bond
strength between the first current collector and the first
resin layer. The weld strength between the second resin
layer and the third resin layer is greater than the bond
strength between the first current collector and the sec-
ond resin layer. That is, the reduction in sealability can
be effectively suppressed, since the stress generated by
the deformation of the first current collector and the sec-
ond current collector is distributed, and the distributed
stress can be concentrated on the portion at which the
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bond strength is high.

[0013] The first resin layer or the second resin layer
may include an exposed portion exposed from the third
resin layer to face the space, and an end portion of the
separator may be fixed to the exposed portion. In this
case, the separator can be spaced from the welded area
between the third resin layer and the first resin layer and
the welded area between the third resin layer and the
second resin layer. Ifthe separator is in contact with these
welded areas, the welded areas may swell due to the
electrolyte impregnated in the separator, and the weld
strength may be reduced. In the configuration in which
the separator is spaced from these welded areas, the
weld strength is not likely to be reduced.

[0014] A power storage device according to the
present disclosure includes a stack in which a plurality
of the power storage cells above are stacked, wherein
the first current collector of one of the power storage cells
adjacentto each otherin the facing direction s electrically
connected to the second current collector of another of
the power storage cells.

[0015] In the power storage device above, the power
storage cells are connected in series in a stacking direc-
tion, so that sealability can be improved while achieving
output.

[0016] The first resin layer may be provided to extend
beyond the first current collector when viewed in the fac-
ing direction, the second resin layer may be provided to
extend beyond the second current collector when viewed
in the facing direction, and the first resin layer and the
second resin layer respectively provided on the first cur-
rent collector and the second current collector adjacent
to each other in the facing direction may be welded to
each other outside of the first current collector and the
second current collector when viewed in the facing direc-
tion. In this case, the entirety of edge portions of the first
current collector and the second current collector can be
covered by the first resin layer and the second resin layer,
so that the third resin layer does not come into contact
with the first current collector or the second current col-
lector. Accordingly, a material that has a low bond
strength to the first current collector and the second cur-
rent collector can be selected as the material for forming
the third resin layer.

Advantageous Effects of Invention
[0017] The present disclosure is capable of providing
a power storage cell and a power storage device which
are capable of suppressing the reduction in sealability.
Brief Description of Drawings
[0018]

FIG. 1is a schematic cross-sectional view illustrating

apower storage device according to an embodiment.
FIG. 2 is a schematic cross-sectional view of a power
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storage cell illustrated in FIG. 1.

FIG. 3is a schematic cross-sectional view describing
a method for manufacturing the power storage de-
vice illustrated in FIG. 1.

FIG. 4is a schematic cross-sectional view illustrating
a power storage device according to first variation.
FIG. 5is a schematic cross-sectional view of a power
storage cell illustrated in FIG. 4.

FIG. 6 is a schematic cross-sectional view describing
a method for manufacturing the power storage de-
vice illustrated in FIG. 4.

FIG. 7 is a schematic cross-sectional view illustrating
a power storage device according to second varia-
tion.

FIG. 8 is a schematic cross-sectional view of a power
storage cell illustrated in FIG. 7.

FIG. 9is a schematic cross-sectional view describing
a method for manufacturing the power storage de-
vice illustrated in FIG. 8.

Description of Embodiments

[0019] Embodiments of the present disclosure will be
described in detail below with reference to the accompa-
nying drawings. Same reference signs are given to the
same or similar elements in the description of the draw-
ings, and redundant description will be omitted.

[0020] FIG. 1is a schematic cross-sectional view illus-
trating a power storage device according to an embodi-
ment. A power storage device 1 illustrated in FIG. 1is a
power storage module used for the battery of various
vehicles such as forklifts, hybrid vehicles, and electric
vehicles. The power storage device 1 is a secondary bat-
tery such as a nickel-hydrogen secondary battery or a
lithium-ion secondary battery. The power storage device
1 may be an electric double layer capacitor or a solid-
state battery. This embodiment exemplifies a case in
which the power storage device 1 is a lithium-ion sec-
ondary battery.

[0021] The powerstorage device 1includes a cell stack
3inwhich a plurality of power storage cells 2 are stacked.
FIG. 2 is a schematic cross-sectional view of a power
storage cellillustrated in FIG. 1. FIG. 2is a partly enlarged
view of FIG. 1. Asiillustrated in FIGS. 1 and 2, each power
storage cell 2 includes a cathode 11, an anode 12, a
separator 13, and a sealing portion 14. The cathode 11
and the anode 12 are disposed facing each other. A fac-
ing direction D of the cathode 11 and the anode 12 co-
incides with a stacking direction of the plurality of power
storage cells 2. The cathode 11 and the anode 12 are,
for example, rectangular electrodes when viewed in the
facing direction D.

[0022] The cathode 11 includes a current collector 21
(first current collector) and a cathode active material layer
23. The current collector 21 has a first face 21a and a
second face 21b which face away from each other, and
an edge portion 21c. The cathode active material layer
23 is provided on the first face 21a. The cathode active
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material layer 23 is not provided on the second face 21b.
The cathode active material layer 23 is not provided on
the first face 21a side or the second face 21b side of the
edge portion 21c. In other words, the first face 21a has
an area in the edge portion 21c in which the cathode
active material layer 23 is not provided. The edge portion
21c is positioned outside of an area of the current collec-
tor 21 in which the cathode active material layer 23 is
provided when viewed in the facing direction D.

[0023] The anode 12 includes a current collector 22
(second current collector) and an anode active material
layer 24. The current collector 22 has a first face 22a and
a second face 22b which face away from each other, and
an edge portion 22c. The anode active material layer 24
is provided on the first face 22a. The anode active ma-
terial layer 24 faces the cathode active material layer 23
in the facing direction D. The anode active material layer
24 is not provided on the second face 22b. The anode
active material layer 24 is not provided on the first face
22a side or the second face 22b side of the edge portion
22c. In other words, the first face 22a has an area in the
edge portion 22c¢ in which the anode active material layer
24 is not provided. The edge portion 22c is positioned
outside of an area of the current collector 22 in which the
anode active material layer 24 is provided when viewed
in the facing direction D.

[0024] The cathode 11 and the anode 12 are disposed
such that the cathode active material layer 23 and the
anode active material layer 24 face each other in the
facingdirection D. In this embodiment, the cathode active
material layer 23 and the anode active material layer 24
are both formed in a rectangular shape when viewed in
the facing direction D. The anode active material layer
24 is formed slightly larger than the cathode active ma-
terial layer 23. The entirety of the cathode active material
layer 23 is positioned inward of an outer edge of the an-
ode active material layer 24 when viewed in the facing
direction D.

[0025] The cell stack 3 is formed by a plurality of power
storage cells 2 being stacked such that the second face
21b of the current collector 21 of one power storage cell
2 is in contact with the second face 22b of the current
collector 22 of another power storage cell 2. The plurality
of power storage cells 2 are thus electrically connected
in series. In the power storage cells 2, 2 adjacent to each
other in the stacking direction, the current collector 21 of
one power storage cell 2 and the current collector 22 of
the other power storage cell 2 are in contact with each
other, and are electrically connected to each other.
[0026] In the cell stack 3, a pseudo bipolar electrode
10 is formed by the current collector 21 and the current
collector 22 serving as one current collector, the current
collector 21 and the current collector 22 being in contact
with each other due to the power storage cells 2, 2 being
adjacentto each otherin the stacking direction. Aterminal
electrode (cathode terminal electrode in this embodi-
ment) including the current collector 21 is disposed on
one end of the cell stack 3 in the stacking direction. A
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terminal electrode (anode terminal electrode in this em-
bodiment) including the current collector 22 is disposed
on the other end of the cell stack 3 in the stacking direc-
tion.

[0027] The current collectors 21, 22 are chemically in-
active electrical conductors to keep current flowing to the
cathode active material layer 23 and the anode active
material layer 24 during discharging or charging of the
lithium-ion secondary battery. For example, a metal ma-
terial, a conductive resin material, or a conductive inor-
ganic material may be used for the material forming the
current collectors 21, 22. Examples of the conductive res-
in material include a conductive polymer material and a
resin in which a conductive filler is added to a non-con-
ductive polymer material. The current collectors 21, 22
may have a plurality of layers including one or more layers
including the metal material or the conductive resin ma-
terial mentioned above. A coating layer may be formed
on the surfaces of the current collectors 21, 22 by a pub-
licly known method such as plating or spray coating. The
current collectors 21, 22 may be formed in the form of a
plate, a foil, a sheet, a film, a mesh, and the like. For
example, an aluminum foil, a copper foil, a nickel foil, a
titanium foil, or a stainless steel foil is used in a case in
which the current collectors 21, 22 are a metal foil. The
current collectors 21, 22 may be an alloy foil or a clad foil
of the metals above. In the case in which the current
collectors 21, 22 are in the form of a foil, the thicknesses
of the current collectors 21, 22 may be in the range of 1
pm or more and 100 wm or less. The current collectors
21, 22 may be integrated, for example, by plating copper
onto one surface of an aluminum foil. The current collec-
tors 21, 22 may also be integrated by being pasted to-
gether. In this embodiment, the current collector 21 is an
aluminum foil, and the current collector 22 is a silver foil.
[0028] The cathode active material layer 23 includes
a cathode active material that is capable of storing and
releasing charge carriers such as lithium ion. Examples
of the cathode active material include complex oxides,
metallic lithium, and sulfur. The composition of the com-
plex oxides includes, for example, at least one of iron,
manganese, titanium, nickel, cobalt, and aluminum, and
lithium. Examples of the complex oxides include olivine
type lithium iron phosphate (LiFePO,), LiCoO,, and
LiNiMnCoO,.

[0029] The anode active material layer 24 includes an
anode active material that is capable of storing and re-
leasing charge carriers such as lithium ion. Examples of
the anode active material include carbon such as graph-
ite, artificial graphite, highly oriented graphite, mesocar-
bon microbeads, hard carbon, and soft carbon, metallic
compounds, elements capable of alloying with lithium or
compounds thereof, and boron-added carbon. Examples
of elements capable of alloying with lithium include silicon
and tin.

[0030] The cathode active material layer 23 and the
anode active material layer 24 may also include a binding
agent and a conductive additive, in addition to the active
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material. The binding agent serves to bind the active ma-
terials or the conductive additives together to maintain a
conductive network in the electrode. Examples of the
binding agent include fluorine-containing resin such as
polyvinylidene fluoride, polytetrafluoroethylene, and
fluororubber, thermoplastic resin such as polypropylene
and polyethylene, imide-based resin such as polyimide
and polyamide imide, alkoxysilyl group-containing resin,
acrylicresin such as polyacrylic acid and polymethacrylic
acid, styrene-butadiene rubber, carboxymethyl cellu-
lose, alginate such as sodium alginate and ammonium
alginate, water-soluble cellulose ether crosslinked body,
and starch-acrylic acid graft polymer. These binding
agents may be used singly or in plurality. The conductive
additive is a conductive material such as acetylene black,
carbon black, or graphite, and is capable of increasing
electrical conductivity. N-methyl-2-pyrrolidone and the
like is used as a viscosity adjusting solvent.

[0031] A conventionally publicly known method such
as roll coating, die coating, dip coating, doctor blading,
spray coating, or curtain coating is used to form the cath-
ode active material layer 23 and the anode active material
layer 24 on thefirstfaces 21a, 22a. Specifically, the active
material and the solvent, and optionally the binding agent
and the conductive additive, are mixed to produce an
active material layer forming composition in the form of
a slurry, which is applied to the first faces 21a, 22a and
dried. The solvent is, for example, N-methyl-2-pyrro-
lidone, methanol, methyl isobutyl ketone, or water. The
active material layer forming composition may be com-
pressed after being dried to increase electrode density.
[0032] The separator 13 is disposed between the cath-
ode 11 and the anode 12 in the facing direction D. The
separator 13 is interposed between the cathode 11 and
the anode 12. The separator 13 is a member that allows
charge carriers such as lithium ion to pass therethrough
while separating the cathode 11 and the anode 12 placed
adjacent to each other when the power storage cells 2
are stacked to prevent electrical shorting due to the con-
tact between the cathode 11 and the anode 12. The sep-
arator 13 is disposed between the cathode active mate-
rial layer 23 and the anode active material layer 24 that
face each other.

[0033] The separator 13 has a rectangular shape
slightly larger than the cathode active material layer 23
and the anode active material layer 24 and slightly small-
er than the current collectors 21, 22 when viewed in the
facing direction D. An end portion 13a of the separator
13is disposed outside ofthe cathode active material layer
23 and the anode active material layer 24 when viewed
in the facing direction D. The end portion 13a of the sep-
arator 13 does not overlap the cathode active material
layer 23 or the anode active material layer 24 when
viewed in the facing direction D.

[0034] The separator 13 is formed, for example, in a
sheet-shape. The separator 13 is, for example, a porous
sheet or nonwoven fabric that includes polymer which
absorbs and retains an electrolyte. Examples of the ma-
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terial that form the separator 13 include polypropylene,
polyethylene, polyolefin, and polyester. The separator 13
may be a single layer structure or a multi-layer structure.
In a case in which the separator 13 is a multi-layer struc-
ture, the separator 13 may, for example, include a base
material layer and a pair of adhesive layers, and be ad-
hered and fixed to the cathode active material layer 23
and the anode active material layer 24 by the pair of ad-
hesive layers. The separator 13 may include a ceramic
layer to be a heat resistant layer. The separator 13 may
be reinforced by a vinylidene fluoride resin compound.
[0035] Examples of the electrolyte impregnated in the
separator 13 include a liquid electrolyte (electrolytic so-
lution) that includes a nonaqueous solvent and an elec-
trolyte salt dissolved in the nonaqueous solvent, or a high
polymer gel electrolyte including an electrolyte retained
in a polymer matrix. In the case in which the electrolyte
isimpregnated in the separator 13, publicly known lithium
salt such as LiCIO,, LiAsFg, LiPFg, LiBF,, LICF3SOs,,
LiN(FSO,),, or LIN(CF3S0,), may be used as the elec-
trolyte salt. Additionally, publicly known solvents such as
cyclic carbonates, cyclic esters, chain carbonates, chain
esters, and ethers may be used as the nonaqueous sol-
vent. It should be noted that two or more of these publicly
known solvent materials may be combined.

[0036] The sealing portion 14 is a member that seals
a space S between the current collector 21 and the cur-
rent collector 22. The sealing portion 14 is frame-like
when viewed in the facing direction D, and is disposed
between the first face 21a of the current collector 21 and
the first face 22a of the current collector 22 to surround
the periphery of the cathode active material layer 23 and
the anode active material layer 24. In the power storage
cell 2, the space S is defined by the current collector 21,
the current collector 22, and the sealing portion 14. The
space S contains an electrolyte (not shown). The sealing
portion 14 seals the electrolyte in the space S. The seal-
ing portion 14 also functions as a spacer that maintains
the spacing between the current collector 21 and the cur-
rent collector 22 by being disposed between the current
collector 21 and the current collector 22. The sealing por-
tion 14 is adhered (bonded) to the edge portion 21c of
the current collector 21 and the edge portion 22c of the
current collector 22. The sealing portion 14 is spaced
from the cathode active material layer 23 and the anode
active material layer 24 when viewed in the facing direc-
tion D. The sealing portion 14 has electrical insulation
properties.

[0037] The sealing portion 14 has a first resin layer 15,
a second resin layer 16, and a third resin layer 17. The
first resin layer 15, the second resin layer 16, and the
third resin layer 17 are frame-like when viewed in the
facing direction D. The first resin layer 15 is provided
spaced from the cathode active material layer 23 and on
the first face 21a. The first resin layer 15 is bonded to the
first face 21a. A bonded area A1 between the first resin
layer 15 and the current collector 21 is formed by an
interface between the firstresin layer 15 and the first face
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21a. In this embodiment, the bonded area A1 is formed
by the entire interface between the first resin layer 15
and the first face 21a. An inner edge P1 of the bonded
area A1 coincides with an inner edge 15a of the first resin
layer 15, and an outer edge of the bonded area A1 co-
incides with an outer edge 21d of the first face 21a, when
viewed in the facing direction D. The second resin layer
16 is provided spaced from the anode active material
layer 24 and on the first face 22a. The second resin layer
16 is bonded to the first face 22a. A bonded area A2
between the second resin layer 16 and the current col-
lector 22 is formed by an interface between the second
resin layer 16 and the first face 22a. In this embodiment,
the bonded area A2 is formed by the entire interface be-
tween the second resin layer 16 and the first face 22a.
An inner edge P3 of the bonded area A2 coincides with
an inner edge 16a of the second resin layer 16, and an
outer edge of the bonded area A2 coincides with an outer
edge 22d of the first face 22a, when viewed in the facing
direction D. The third resin layer 17 is provided between
the first resin layer 15 and the second resin layer 16, and
is welded to the first resin layer 15 and the second resin
layer 16.

[0038] The inner edge 15a of the first resin layer 15
and the inner edge 16a of the second resin layer 16 are
positioned inward of an inner edge 17a of the third resin
layer 17 when viewed in the facing direction D. The inner
edges 15a, 16a are positioned, for example, 1 mm or
more inward from the inner edge 17a. That is, the first
resin layer 15 includes an exposed portion 15c¢ that is
exposed from the third resin layer 17 to face the space
S, and a width of the exposed portion 15¢c is 1 mm or
more. The second resin layer 16 includes an exposed
portion 16¢ that is exposed from the third resin layer 17
to face the space S, and a width of the exposed portion
16¢is 1 mm or more. The widths of the exposed portions
15¢, 16¢ are, for example, 4 mm. It should be noted that
the widths of the exposed portions 15¢, 16¢ are lengths
of the exposed portions 15¢, 16¢ in a direction intersect-
ing the inner edges 15a, 16a when viewed in the facing
direction D.

[0039] The third resin layer 17 is welded to the first
resin layer 15 at a position outward of the inner edge 15a
of the first resin layer 15 when viewed in the facing di-
rection D. The third resin layer 17 is welded to the second
resin layer 16 at a position outward of the inner edge 16a
of the second resin layer 16 when viewed in the facing
direction D. In this embodiment, a welded area 6 between
the third resin layer 17 and the first resin layer 15 extends
from an outer edge 15b of the first resin layer 15 to the
inner edge 17a of the third resin layer 17 when viewed
in the facing direction D. An inner edge P2 of the welded
area 6 is positioned outward of the inner edge P1 of the
bonded area A1 when viewed in the facing direction D.
A welded area 7 between the third resin layer 17 and the
second resin layer 16 extends from an outer edge 16b
of the second resin layer 16 to the inner edge 17a of the
third resin layer 17 when viewed in the facing direction
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D. An inner edge P4 of the welded area 7 is positioned
outward of the inner edge P3 of the bonded area A2 when
viewed in the facing direction D. The welded area 6 over-
laps the bonded area A1 when viewed in the facing di-
rection D. The welded area 7 overlaps the bonded area
A2 when viewed in the facing direction D.

[0040] The end portion 13a of the separator 13 is fixed
to the second resin layer 16 at a position inward of the
inner edge 17a of the third resin layer 17. That s, the end
portion 13a is fixed to the exposed portion 16¢. The end
portion 13a is partly adhered (welded) to the exposed
portion 16c¢, for example, by spot welding. The end por-
tion 13a is fixed to the exposed portion 16c¢, for example,
by a width of 2 mm.

[0041] The first resin layer 15 is spaced from the cath-
ode active material layer 23, and the inner edge 15a is
positioned outside of the cathode active material layer
23, when viewed in the facing direction D. The second
resin layer 16 is spaced from the anode active material
layer 24, and the inner edge 16a is positioned outside of
the anode active material layer 24, when viewed in the
facing direction D. Although in this embodiment, the first
resin layer 15 is also spaced from the anode active ma-
terial layer 24 when viewed in the facing direction D, the
firstresin layer 15 may overlap the anode active material
layer 24 so long as it is spaced from the cathode active
material layer 23.

[0042] The first resin layer 15 is provided to extend to
the outer edge 21d of the first face 21a. The third resin
layer 17 is not in contact with the first face 21a. Although
in this embodiment, the outer edge 15b of the first resin
layer 15 coincides with the outer edge 21d of the first
face 21a, the first resin layer 15 may extend beyond the
outer edge 21d. The second resin layer 16 is provided
to extend to the outer edge 22d of the first face 22a. The
third resin layer 17 is not in contact with the first face 22a.
Although in this embodiment, the outer edge 16b of the
second resin layer 16 coincides with the outer edge 22d
ofthefirstface 22a, the second resin layer 16 may extend
beyond the outer edge 22d.

[0043] A thickness t1 of the first resin layer 15 and a
thickness t2 of the secondresinlayer 16 are, forexample,
less than or equal to a thickness t3 of the third resin layer
17,and may be smaller than the thickness t3, in the facing
direction D. The thickness t1 is the thickness of the por-
tion of the first resin layer 15 sandwiched between the
current collector 21 and the third resin layer 17. The thick-
ness t2 is the thickness of the portion of the second resin
layer 16 sandwiched between the current collector 22
and the third resin layer 17. The thickness t3 is the thick-
ness of the portion of the third resin layer 17 sandwiched
between the firstresin layer 15 and the second resin layer
16. The thickness t1 and the thickness t2 are, for exam-
ple, 1/10 or more and 1/2 or less of the thickness t3.
Although in this embodiment, the thickness t1 and thick-
ness t2 are the same, they may be different. It should be
noted that the thickness t1 and the thickness t2 may be
greater than the thickness t3.
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[0044] The first resin layer 15, the second resin layer
16, and the third resin layer 17 are formed of a resin
material having electrolyte tolerance such as acid-mod-
ified polyethylene (acid-modified PE), acid-modified
polypropylene (acid-modified PP), polyethylene, or poly-
propylene. The resin material forming the first resin layer
15, the second resin layer 16, and the third resin layer
17 may be the same or different. In this embodiment, the
first resin layer 15 and the second resin layer 16 are
formed of acid-modified polyethylene or acid-modified
polypropylene. The third resin layer 17 is formed of pol-
yethylene or polypropylene.

[0045] Acid-modified polyethylene and acid-modified
polypropylene adhere to metal more easily than non-ac-
id-modified polyethylene and non-acid-modified polypro-
pylene. In a case in which the current collector 21 is made
of metal, the adhesive strength (bond strength) of the
first resin layer 15 to the current collector 21 can be im-
proved by forming the first resin layer 15 of acid-modified
polyethylene or acid-modified polypropylene. Similarly,
in a case in which the current collector 22 is made of
metal, the adhesive strength (bond strength) of the sec-
ond resin layer 16 to the current collector 22 can be im-
proved by forming the second resin layer 16 of acid-mod-
ified polyethylene or acid-modified polypropylene.
[0046] In this embodiment, a plurality of the sealing
portions 14 arranged in a stacking direction of the cell
stack 3 are integrated with each other by welding to form
a rectangular tubular member 4. The tubular member 4
extends in the stacking direction of the cell stack 3 from
the current collector 21 disposed on one end in the stack-
ing direction to the current collector 22 disposed on the
other end in the stacking direction. The tubular member
4 has a welded area 8. The welded area 8 is formed by
outer edge portions of the plurality of the sealing portions
14 beingintegrated with each other by welding. The weld-
ed area 8 extends along the facing direction D at a sub-
stantially constant thickness. An outer surface of the
welded area 8 is an outer surface of the tubular member
4. In this embodiment, the welded area 8 includes an
outer edge portion of the welded area 6 and an outer
edge portion of the welded area 7. That is, the welded
area 6 and the welded area 7 form a part of the welded
area 8. The welded area 8 has a portion that overlaps
the current collectors 21, 22 when viewed in the facing
direction D.

[0047] An example of a method for manufacturing the
power storage device 1 will be described with reference
to FIG. 3. FIG. 3 is a schematic cross-sectional view de-
scribing a method for manufacturing the power storage
device illustrated in FIG. 1. Firstly, the cathode 11, the
anode 12, a resin layer 31 to be the first resin layer 15,
a resin layer 32 to be the second resin layer 16, and a
resin layer 33 to be the third resin layer 17 are prepared.
The resin layers 31, 32, 33 are formed, for example, by
injection molding. Secondly, the resin layer 31 is attached
to the cathode 11 and the resin layer 32 is attached to
the anode 12. Specifically, the resin layer 31 is adhered
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to the first face 21a of the edge portion 21c¢ of the current
collector 21. The resin layer 32 is adhered to the first face
22a of the edge portion 22¢ of the current collector 22.
The separator 13 is then disposed on the first face 22a
of the anode 12, and the end portion 13a of the separator
13 is adhered and fixed to the resin layer 32 by spot
welding.

[0048] Subsequently, asillustrated in FIG. 3, the resin
layer 33 is inserted between the cathode 11 to which the
resin layer 31 is attached and the anode 12 to which the
resin layer 32 and the separator 13 are attached, and the
resin layer 33 is welded to the resin layer 31 and the resin
layer 32 to form the welded area 6 and the welded area
7. The space S (see FIG. 2) is thus formed. Thereafter,
the resin layers 33 adjacent in the stacking direction are
welded by pressing a heat plate against outer edges of
the resin layers 33 to form the welded area 8. As a result,
the power storage device 1 that includes the tubular
member 4 formed by the plurality of the sealing portions
14 being integrated is obtained.

[0049] The operation and effect of the power storage
cell 2 and the power storage device 1 will be described
below. In the power storage cell 2, the current collectors
21, 22 tend to deform when the internal pressure of the
space S increases in use. Accordingly, the current col-
lectors 21, 22 tend to expand outward so as to separate
from each other in the facing direction D. In the case in
which the power storage cell 2 is used in the power stor-
age device 1, the current collectors 21, 22 also tend to
deform due to the pressure difference between adjacent
power storage cells 2. In the power storage cell 2, the
current collectors 21, 22 deform significantly particularly
when the internal pressure increases abnormally.
[0050] The sealing portion 14 is bonded to the edge
portions 21c, 22c of the current collectors 21, 22. The
deformation of the current collectors 21, 22 is thus re-
stricted by the sealing portion 14 at the edge portions
21c, 22c. The current collectors 21, 22 have an inner
area in which the current collectors 21, 22 easily deform
and an outer area in which the deformation of the current
collectors 21, 22 is restricted by the sealing portion 14,
with the inner edges P1, P3 of the bonded areas A1, A2
being the boundaries. The stress due to the deformation
of the current collectors 21, 22 thus tends to concentrate
on the inner edges P1, P3 of the bonded areas A1, A2
from where the deformation starts.

[0051] The sealing portion 14 has the first resin layer
15 bonded to the first face 21a of the current collector
21, the second resin layer 16 bonded to the first face 22a
of the current collector 22, and the third resin layer 17
welded to the first resin layer 15 and the second resin
layer 16. The third resin layer 17 is welded to the first
resin layer 15 at a position outward of the inner edge 15a
of the first resin layer 15 when viewed in the facing di-
rection D. The inner edge P2 of the welded area 6 is
positioned outward of the inner edge P1 of the bonded
area A1 when viewed in the facing direction D. The cur-
rent collector 21 thus has an area in which only the first
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resin layer 15 is provided. In this area, the deformation
of the current collector 21 is less restricted than in an
area in which the first resin layer 15, the second resin
layer 16, and the third resin layer 17 are all provided.
Consequently, a portion of the stress generated by the
deformation of the current collector 21 is transferred from
the inner edge P1 of the bonded area A1 to the inner
edge P2 of the welded area 6.

[0052] Similarly, the third resin layer 17 is welded to
the second resin layer 16 at a position outward of the
inner edge 16a of the second resin layer 16 when viewed
in the facing direction D. The inner edge P4 of the welded
area 7 is positioned outward of the inner edge P3 of the
bonded area A2 when viewed in the facing direction D.
The current collector 22 thus has an area in which only
the second resin layer 16 is provided. In this area, the
deformation of the current collector 22 is less restricted
than in the area in which the first resin layer 15, the sec-
ond resin layer 16, and the third resin layer 17 are all
provided. Consequently, a portion of the stress generat-
ed by the deformation of the current collector 22 is trans-
ferred from the inner edge P3 of the bonded area A2 to
the inner edge P4 of the welded area 7.

[0053] In the battery disclosed in Patent Literature 1,
the resin layer is a single layer, and the inner end face
of the resin layer is not stepped. The stress generated
by the deformation of the current collector thus concen-
trates on the inner edge of the bonded area between the
resin layer and the current collector without being distrib-
uted. The bond strength between the current collector
made of a metal foil and the sealing portion made of resin
tend to be lower than the bond strength between resin
members. In the power storage cell 2, the stress gener-
ated by the deformation of the current collectors 21, 22
can be distributed to the inner edges P2, P4 which are
portions where resin members are bonded as described
above, and thus peeling (cleaving) of the sealing portion
14 from the current collectors 21, 22 starting from the
inner edges P1, P3 can be suppressed. Consequently,
the reduction in sealability can be suppressed. Even
when the sealing portion 14 does not peel off completely,
the pressure resistance of the sealing portion 14 will grad-
ually decrease as the time of use of the power storage
cell 2 increases. In the power storage cell 2, the speed
at which the pressure resistance of the sealing portion
14 decreases can be reduced by the stress being distrib-
uted. Accordingly, the time it takes for the pressure re-
sistance of the sealing portion 14 to drop below the inner
pressure of the space S (pressure resistance life) can be
extended. Consequently, the battery life can be extend-
ed. Additionally, in the power storage cell 2, damage to
the current collectors 21, 22 starting from the inner edges
P1, P3 can also be suppressed. Furthermore, in the pow-
er storage cell 2, the widths of the first resin layer 15 and
the second resin layer 16 (specifically, the widths of the
portions of the first resin layer 15 and the second resin
layer 16 that are welded to the current collectors 21, 22)
can be reduced as a result of improvement in the pres-
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sure resistance strength due to the distribution of the
stress.

[0054] The firstresin layer 15 is provided spaced from
the cathode active material layer 23 and on the first face
21a. The space S can thus be kept large compared to a
case in which the first resin layer 15 is provided to extend
to a position in contact with the cathode active material
layer 23 on the first face 21a. Similarly, the second resin
layer 16 is provided spaced from the anode active ma-
terial layer 24 and on the first face 22a. Thus, excess
space capable of containing gas that is generated inside
the power storage cell 2 by various electrochemical re-
actions that, for example, accompany charging and dis-
charging can be secured compared to a case in which
the second resin layer 16 is provided to extend to a po-
sition in contact with the anode active material layer 24
on the first face 22a. As a result, long term pressure re-
sistance (creep pressure resistance) of the power stor-
age cell 2 can be improved.

[0055] The inner edge P1 of the bonded area A1 and
the inner edge P2 of the bonded area A2 are positioned
inward of the inner edge 17a of the third resin layer 17
when viewed in the facing direction D. Thus, excess
space can be even more easily secured compared to a
case in which the inner edge 17a of the third resin layer
17 is at the same position as the inner edge P1 of the
bonded area A1 and the inner edge P2 of the bonded
area A2.

[0056] The welded area 6 overlaps the bonded area
A1 when viewed in the facing direction D. The welded
area 7 overlaps the bonded area A2 when viewed in the
facing direction D.

[0057] The bonded area A1 is formed by the entire in-
terface between the first resin layer 15 and the first face
21a of the current collector 21. Adhesion between the
first resin layer 15 and the current collector 21 is in-
creased, so that the sealability with the sealing portion
14 can be enhanced. The bonded area A2 is formed by
the entire interface between the second resin layer 16
and the first face 22a of the current collector 22. Adhesion
between the second resin layer 16 and the current col-
lector 22 is increased, so that the sealability with the seal-
ing portion 14 can be enhanced.

[0058] The thickness t1 of the first resin layer 15 and
the thickness t2 of the second resin layer 16 are each
less than or equal to the thickness t3 of the third resin
layer 17 in the facing direction D. In the area of the current
collector 21 in which only the exposed portion 15c is pro-
vided, the deformation of the current collector 21 is less
restricted since the thickness t1is small. Thus, the stress
generated by the deformation of the current collector 21
tends to be more strongly applied to the inner edge P2
than to the inner edge P1. The weld strength between
the first resin layer 15 and the third resin layer 17 which
are both made of resin is greater than the bond strength
between the current collector 21 made of a metal foil and
the first resin layer 15. That is, the reduction in sealability
is effectively suppressed, since the stress generated by
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the deformation of the current collector 21 and the current
collector 22 is distributed, and the distributed stress can
be concentrated on the portion at which the bond strength
is high (inner edge P2).

[0059] Similarly, in the area of the current collector 22
in which only the exposed portion 16c is provided, the
deformation of the current collector 22 is less restricted
since the thickness t2 in the facing direction D is small.
Thus, the stress generated by the deformation of the cur-
rent collector 22 tends to be more strongly applied to the
inner edge P4 than to the inner edge P3. The weld
strength between the first resin layer 15 and the third
resin layer 17 which are both made of resin is greater
than the bond strength between the current collector 21
made of a metal foil and the first resin layer 15. That is,
the reduction in sealability is effectively suppressed,
since the stress generated by the deformation of the cur-
rentcollector 21 and the current collector 22 is distributed,
and the distributed stress can be concentrated on the
portion at which the bond strengthis high (inner edge P4).
[0060] The thickness t1 and the thickness t2 are, for
example, 1/10 or more of the thickness t3. Thus, exces-
sive concentration of stress on the inner edge P2 and
the inner edge P4 can be suppressed. The first resin
layer 15 and the second resin layer 16 may peel off from
the current collectors 21, 22 at positions overlapping the
inner edge 17a when viewed in the facing direction D, if
the thicknesses 11, t2 are too small, even when the third
resin layer 17 is welded strongly enough to the first resin
layer 15 and the second resin layer 16, and does not peel
off from the first resin layer 15 and the second resin layer
16.

[0061] The end portion 13a of the separator 13 is fixed
to the exposed portion 16¢ of the second resin layer 16
at a position inward of the inner edge 17a of the third
resin layer 17. The separator 13 can thus be spaced from
the welded areas 6, 7. For example, if the separator 13
is in contact with the welded areas 6, 7, the welded areas
6, 7 may swell due to the electrolyte impregnated in the
separator 13, and the weld strength of the welded areas
6, 7 may be reduced. Since the power storage cell 2 has
the configuration in which the separator 13 is spaced
from the welded areas 6, 7, the weld strength is not likely
to be reduced. It is not necessary to insert the separator
13 between the third resin layer 17 and the first resin
layer 15 or the second resin layer 16. The entire third
resin layer 17 can thus be welded to the first resin layer
15 and the second resin layer 16. Additionally, positional
misalignment of the separator 13 is suppressed since
the separator 13 is fixed. Consequently, electrical short-
ing between the current collectors 21, 22 by the current
collectors 21, 22 being in contact with each other is sup-
pressed.

[0062] The first resin layer 15 is provided to extend to
the outer edge 21d of the first face 21a. The second resin
layer 16 is provided to extend to the outer edge 22d of
the first face 22a. The first resin layer 15 and the second
resin layer 16 are respectively bonded to the first face
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21a of the current collector 21 made of a metal foil and
the first face 22a of the current collector 22 made of a
metal foil, and thus the first resin layer 15 and the second
resin layer 16 need to be formed of a material having
high bond strength to the current collectors 21, 22 which
are made of a metal foil, such as acid-modified polyeth-
ylene or acid-modified polypropylene. However, the third
resin layer 17 is not bonded to the first faces 21a, 22a,
and can thus be formed of a material other than acid-
modified polyethylene and acid-modified polypropylene.
[0063] Acid-modified polyethylene and acid-modified
polypropylene are materials that have high adhesion to
metal but tend to be permeable to electrolytic solutions
compared to non-acid-modified polyethylene and non-
acid-modified polypropylene. In this embodiment, the
first resin layer 15 and the second resin layer 16 are
formed of acid-modified polyethylene or acid-modified
polypropylene, and the third resin layer 17 is formed of
polyethylene or polypropylene. Thus, in the sealing por-
tion 14, the bond strength to the current collectors 21, 22
can be improved by the firstresin layer 15 and the second
resin layer 16, and leakage of the electrolytic solution
can be suppressed by the third resin layer 17.

[0064] The power storage device 1 includes the cell
stack 3 in which the power storage cells 2 are stacked.
The reduction in sealability can thus be suppressed.

(First Variation)

[0065] FIG. 4 is a schematic cross-sectional view illus-
trating a power storage device according to a first varia-
tion. FIG. 5is aschematic cross-sectional view of a power
storage cellillustrated in FIG. 4. FIG. 5is a partly enlarged
view of FIG. 4. As illustrated in FIGS. 4 and 5, a power
storage device 1A according to the first variation includes
a plurality of power storage cells 2A. The difference be-
tween the power storage cell 2A and the power storage
cell 2 (see FIG. 2) is mainly the sealing portion 14 and
the separator 13. In the power storage cell 2A, the third
resin layer 17 is also welded to the first resin layer 15 at
a position outward of the inner edge 15a of the first resin
layer 15 when viewed in the facing direction D. The third
resin layer 17 is welded to the second resin layer 16 at
a position outward of the inner edge 16a of the second
resin layer 16 when viewed in the facing direction D. How-
ever, in the power storage cell 2A, the welded areas 6,
7 do notreach the inner edge 17a, and the entirety of the
welded areas 6, 7 is included in the welded area 8. A
portion of the third resin layer 17 inward of the welded
area 8 when viewed in the facing direction D is not welded
(adhered) to the first resin layer 15 or the second resin
layer 16.

[0066] Inthe power storage cell 2A, the first resin layer
15 is provided to extend beyond the outer edge 21d of
the current collector 21 when viewed in the facing direc-
tion D. The second resin layer 16 is provided to extend
beyond the outer edge 22d of the current collector 22
when viewed in the facing direction D. In the power stor-
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age device 1A, the first resin layer 15 and the second
resin layer 16 respectively provided on the current col-
lector 21 and the current collector 22 adjacent to each
other in the facing direction D are welded to each other
outside of the current collector 21 and the current collec-
tor 22 when viewed in the facing direction D.

[0067] In the power storage cell 2A, the separator 13
is not fixed to the exposed portion 16¢. The separator 13
is fixed to the sealing portion 14 by the end portion 13a
being inserted between the third resin layer 17 and the
first resin layer 15 or the second resin layer 16. In the
first variation, the end portion 13a is inserted between
the third resin layer 17 and the second resin layer 16 at
a position inward of the welded area 8. Furthermore, the
end portion 13a is partially fixed to a surface of the third
resin layer 17 on the second resin layer 16 side, for ex-
ample, by spot welding. The end portion 13a may be
welded and fixed to the first resin layer 15 or the second
resin layer 16. The end portion 13a need not be welded
and fixed to the firstresin layer 15, the second resin layer
16, or the third resin layer 17, and the separator 13 may
be fixed to the sealing portion 14 by the end portion 13a
simply being inserted between the first resin layer 15 and
the third resin layer 17 or between the second resin layer
16 and the third resin layer 17.

[0068] An example of a method for manufacturing the
power storage device 1A will be described with reference
to FIG. 6. FIG. 6 is a schematic cross-sectional view de-
scribing a method for manufacturing the power storage
device illustrated in FIG. 4. Firstly, similarly to the method
for manufacturing the power storage device 1, the cath-
ode 11, the anode 12, the resin layer 31 to be the first
resin layer 15, the resin layer 32, and the resin layer 33
to be the second resin layer 16 are prepared, the resin
layer 31 is attached to the cathode 11, and the resin layer
32 is attached to the anode 12. In doing so, the resin
layers 31, 32 are extended beyond the current collectors
21, 22. Secondly, the end portion 13a of the separator
13 is fixed to the resin layer 33 by spot welding. Subse-
quently, asillustrated in FIG, 6, the resin layer 33 to which
the separator 13 is attached is inserted between the cath-
ode 11 to which the resin layer 31 is attached and the
anode 12 to which the resin layer 32 and the separator
13 are attached. The resin layers 31, 32, 33 are welded
by pressing a heat plate against outer edges of the resin
layers 31, 32, 33 or by heating the outer edges of the
resin layers 31, 32, 33 with an infrared heating device
with the resin layer 33 inserted between the cathode 11
and the anode 12 to form the welded area 8 that includes
the welded areas 6, 7. In doing so, the resin layers 31,
32 adjacent to each other in the facing direction D are
welded to each other outside of the current collectors 21,
22. As aresult, the power storage device 1A thatincludes
the tubular member 4 formed by the plurality of the seal-
ing portions 14 being integrated is obtained.

[0069] Inthe powerstorage cell 2A, the third resin layer
17 is also welded to the first resin layer 15 at a position
outward of the inner edge 15a of the first resin layer 15
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when viewed in the facing direction D. An inner edge P5
of the welded area 6 is positioned outward of the inner
edge P1 ofthe bonded area A1 when viewed in the facing
direction D. Thus, the current collector 21 has an area in
which only the first resin layer 15 is provided. Here, "pro-
vided" means being provided by being directly or indi-
rectly fixed to the current collector 21 such as by adhesion
to restrict the deformation of the current collector 21. That
is, a case of simply being disposed on the current collec-
tor 21 without being fixed to the current collector 21, such
as an inner edge portion of the third resin layer 17, is not
included.

[0070] In the power storage cell 2A, the area of the
current collector 21 in which only the first resin layer 15
is provided is the area from the inner edge 15a of the first
resin layer 15 to the inner edge P5 of the welded area 6.
In this area, the deformation of the current collector 21
is less restricted than in the area in which the first resin
layer 15, the second resin layer 16, and the third resin
layer 17 are all provided, such as the welded area 6.
Thus, a portion of the stress generated by the deforma-
tion of the current collector 21 is transferred from the
inner edge P1 of the bonded area A1 to the inner edge
P5 of the welded area 6. It should be noted that the inner
edge P5 of the welded area 6 may be provided outside
of the outer edge 21d of the current collector 21 that does
notoverlap the bonded area A1 when viewed in the facing
direction D.

[0071] Similarly, the third resin layer 17 is welded to
the second resin layer 16 at a position outward of the
inner edge 16a of the second resin layer 16 when viewed
in the facing direction D. An inner edge P6 of the welded
area 7 is positioned outward of the inner edge P3 of the
bonded area A2 when viewed in the facing direction D.
Thus, the current collector 22 has an area in which only
the second resin layer 16 is provided. As described
above, "provided" means being provided by being direct-
ly or indirectly fixed to the current collector 22 such as
by adhesion to restrict the deformation of the current col-
lector 22. That is, a case of simply being disposed on the
current collector 22 without being fixed to the current col-
lector 22, such as the inner edge portion of the third resin
layer 17, is not included.

[0072] In the power storage cell 2A, the area of the
current collector 22 in which only the second resin layer
16 is provided is the area from the inner edge 16a of the
second resin layer 16 to the inner edge P6 of the welded
area 7. In this area, the deformation of the current col-
lector 22 is less restricted than in the area in which the
first resin layer 15, the second resin layer 16, and the
third resin layer 17 are all provided, such as the welded
area 7. Thus, a portion of the stress generated by the
deformation of the current collector 22 is transferred from
the inner edge P3 of the bonded area A1 to the inner
edge P6 of the welded area 7. It should be noted that the
inner edge P6 of the welded area 7 may be provided
outside of the outer edge 22d of the current collector 22
that does not overlap the bonded area A2 when viewed
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in the facing direction D.

[0073] In the power storage cell 2A, the stress gener-
ated by the deformation of the current collectors 21, 22
can also be distributed as described above, and thus
peeling (cleaving) of the sealing portion 14 from the cur-
rent collectors 21, 22 starting from the inner edges P1,
P3 can be suppressed. In the power storage cell 2A, the
firstresin layer 15 and the second resin layer 16 are weld-
ed to each other outside of the current collector 21 and
the current collector 22 when viewed in the facing direc-
tion D. Thus, the entirety of the edge portion 21c of the
current collector 21 and the edge portion 22c of the cur-
rent collector 22 can be covered by the first resin layer
15 and the second resin layer 16. Consequently, the third
resin layer 17 does not come into contact with the current
collector 21 or the current collector 22. Accordingly, a
material that has a low adhesive strength to the current
collector 21 and the current collector 22 can be selected
as the material for forming the third resin layer 17.

(Second Variation)

[0074] FIG. 7 is a schematic cross-sectional view illus-
trating a power storage device according to a second
variation. FIG. 8 is a schematic cross-sectional view of
apower storage cell illustrated in FIG. 7. FIG. 8 is a partly
enlarged view of FIG. 7. In the power storage device 1
illustrated in FIG. 1, the pseudo bipolar electrode 10 is
formed by the current collector 21 and the current collec-
tor 22, which are different members, serving as one cur-
rent collector as described above. However, a power
storage device 1B according to the second variation il-
lustrated in FIG. 7 includes a bipolarelectrode 10B having
a current collector 40 that is formed as a single member.
As illustrated in FIGS. 7 and 8, the current collector 40
has afirst face 40a and a second face 40b that face away
from each other, and an edge portion 40c. The bipolar
electrode 10B further has the cathode active material lay-
er 23 provided on the first face 40a and the anode active
material layer 24 provided on the second face 40b. In the
bipolar electrode 10B, one current collector 40 forms the
cathode 11 together with the cathode active material lay-
er 23 provided on the first face 40a, and forms the anode
12 together with the anode active material layer 24 pro-
vided on the second face 40b. More specifically, the first
face 40a of one current collector 40 forms the cathode
11 together with the cathode active material layer 23, and
the second face 40b forms the anode 12 together with
the anode active material layer 24. That s, in each bipolar
electrode 10B, one current collector 40 is shared by the
cathode 11 and the anode 12, functions as the first cur-
rent collector that forms the cathode 11, and functions
as the second current collector that forms the anode 12.
A power storage cell 2B is different from the power stor-
age cell 2 (see FIG. 1) in that the power storage cells 2B
adjacent in the facing direction D share one current col-
lector 40.

[0075] Similarly tothe currentcollectors 21,22, the cur-
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rent collector 40 is a chemically inactive electrical con-
ductor to keep current flowing to the cathode active ma-
terial layer 23 and the anode active material layer 24
during discharging or charging of the lithium-ion second-
ary battery. The configuration of the current collector 40
is, for example, the same as the configurations of the
current collectors 21, 22. Here, a current collector inte-
grated by pasting together an aluminum foil and a copper
foil, which are two different metal foils, is used as the
current collector 40. The first face 40a is formed by a
surface of the aluminum foil, and the second face 40b is
formed by a surface of the copper foil.

[0076] No active material layer is provided on the first
face 40a side or the second face 40b side of the edge
portion 40c of the current collector 40. In other words,
the first face 40a and the second face 40b have an area
in the edge portion 40c in which no active material layer
is provided. The edge portion 40c is positioned outside
of the area in which the cathode active material layer 23
or the anode active material layer 24 is provided in the
current collector 40 when viewed in the facing direction D.
[0077] In the bipolar electrode 10B, the bonded area
A1 is an area in which the first resin layer 15 and the first
face 40a are bonded, and is formed by an interface be-
tween the first resin layer 15 and the first face 40a. In the
bipolar electrode 10B, the bonded area A2 is an area in
which the second resin layer 16 and the second face 40b
are bonded, and is formed by an interface between the
second resin layer 16 and the second face 40b.

[0078] The power storage device 1B is formed by
stacking a plurality of the bipolar electrodes 10B, one
cathode 11 that functions as a cathode terminal elec-
trode, and one anode 12 that functions as an anode ter-
minal electrode. By stacking such electrodes, a state in
which a plurality of the power storage cells 2B are stacked
is achieved in the power storage device 1B.

[0079] Similarlytothe powerstorage cell 2A, the power
storage cell 2B is also different from the power storage
cell 2 in the following point. That is, the welded areas 6,
7 do not reach the inner edge 17a, and the entirety of the
welded areas 6, 7 is included in the welded area 8. In the
cathode 11, the first resin layer 15 is provided to extend
beyond the outer edge 21d of the first face 21a of the
current collector 21 when viewed in the facing direction
D (see FIG. 5). In the bipolar electrode 10B, the firstresin
layer 15 is provided to extend beyond an outer edge 40d
of the first face 40a of the current collector 40, and the
second resin layer 16 is provided to extend beyond an
outer edge 40e of the second face 40b of the current
collector 40, when viewed in the facing direction D. In the
anode 12, the secondresin layer 16 is provided to extend
beyond the outer edge 22d of the first face 22a of the
current collector 22 when viewed in the facing direction
D (see FIG. 5). In the bipolar electrode 10B, a portion of
the first resin layer 15 provided on the first face 40a of
the current collector 40 and extending beyond the outer
edge 40d of the first face 40a when viewed in the facing
direction D and a portion of the second resin layer 16
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provided on the second face 40b and extending beyond
the outer edge 40e of the second face 40b when viewed
in the facing direction D are welded to each other.
[0080] An example of a method for manufacturing the
power storage device 1B will be described with reference
to FIGS. 7 to 9. FIG. 9 is a schematic cross-sectional
view describing a method for manufacturing the power
storage device illustrated in FIG. 7. Firstly, similarly to
the method for manufacturing the power storage device
1A, the cathode 11 to be the cathode terminal electrode,
the anode 12 to be the anode terminal electrode, the
resin layer 31 to be the first resin layer 15, the resin layer
32 to be the second resin layer 16, and the resin layer
33 are prepared, the resin layer 31 is attached to the
cathode 11, and the resin layer 32 is attached to the an-
ode 12. In doing so, an outer edge of the resin layer 31
is extended beyond the outer edge 21d of the current
collector 21 when viewed in the facing direction D, and
an outer edge of the resin layer 32 is extended beyond
the outer edge 22d of the current collector 22 when
viewed in the facing direction D. In the method for man-
ufacturing the power storage device 1B, a plurality of the
bipolar electrodes 10B are also prepared, the resin layer
31 is attached to the edge portion 40c of the first face
40a of the current collector 40, and the resin layer 32 is
attached to the edge portion 40c of the second face 40b
of the current collector 40. In doing so, the outer edge of
the resin layer 31 is extended beyond the outer edge 40d
of the current collector 40 when viewed in the facing di-
rection D, and the outer edge of the resin layer 32 is
extended beyond the outer edge 40e of the current col-
lector 40 when viewed in the facing direction D. Then,
the separator 13 is disposed on the first face 22a of the
anode 12, the bipolar electrode 10B is disposed on the
second face 40b, and the end portion 13a of the separator
13 is adhered and fixed to the resin layer 32 by spot
welding.

[0081] Subsequently, the anode 12 to which the resin
layer 32 and the separator 13 are attached, the plurality
of bipolar electrodes 10B to which the resin layers 31, 32
and the separator 13 are attached, and the cathode 11
to which the resin layer 31 is attached are stacked in the
facing direction D. In doing so, the resin layer 33 is in-
serted between adjacent electrodes (that is, between the
anode 12 and the bipolar electrode 10B adjacent to each
other, between the adjacent pair of bipolar electrodes
10B, and between the bipolar electrode 10B and the cath-
ode 11 adjacent to each other), and the outer edges of
the resin layers 31, 32, 33 are welded by pressing a heat
plate against the outer edges of the resin layers 31, 32,
33 or by heating the outer edges of the resin layers 31,
32, 33 with an infrared heating device to form the welded
area 8 that includes the welded areas 6, 7. The space S
is thus formed. The resin layers 31, 32 adjacent to each
other in the facing direction D are welded to each other
outside of the outer edges 40d, 40e of the current collec-
tor 40 when viewed in the facing direction D. As a result,
the power storage device 1B that includes the tubular
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member 4 formed by the plurality of sealing portions 14
being integrated is obtained.

[0082] Inthe power storage cell 2B, the third resin layer
17 is also welded to the first resin layer 15 at a position
outward of the inner edge 15a of the first resin layer 15
when viewed in the facing direction D. The inner edge
P5 of the welded area 6 is positioned outward of the inner
edge P1 ofthe bonded area A1 when viewed in the facing
direction D. Thus, the firstface 21a of the current collector
21 and the first face 40a of the current collector 40 each
has an area in which only the first resin layer 15 is formed.
In this area, the deformation of the current collectors 21,
40 is less restricted than in the area in which the first
resin layer 15, the second resin layer 16, and the third
resin layer 17 are all provided. Consequently, a portion
of the stress generated by the deformation of the current
collectors 21, 40 is transferred from the inner edge P1 of
the bonded area A1 to the inner edge P5 of the welded
area 6. It should be noted that the inner edge P5 of the
welded area 6 may be provided outside of the outer edge
40d of the current collector 40 that does not overlap the
bonded area A1 when viewed in the facing direction D.
[0083] Similarly, the third resin layer 17 is welded to
the second resin layer 16 at a position outward of the
inner edge 16a of the second resin layer 16 when viewed
in the facing direction D. The inner edge P6 of the welded
area 7 is positioned outward of the inner edge P3 of the
bonded area A2 when viewed in the facing direction D.
Thus, the first face 22a of the current collector 22 and
the second face 40b of the current collector 40 each has
an areain which only the second resin layer 16 is formed.
In this area, the deformation of the current collectors 22,
40 is less restricted than in the area in which the first
resin layer 15, the second resin layer 16, and the third
resin layer 17 are all provided. Consequently, a portion
of the stress generated by the deformation of the current
collectors 22, 40 is transferred from the inner edge P3 of
the bonded area A2 to the inner edge P6 of the welded
area 7. It should be noted that the inner edge P6 of the
welded area 7 may be provided outside of the outer edge
40e of the current collector 40 that does not overlap the
bonded area A2 when viewed in the facing direction D.
[0084] In the power storage cell 2B, the stress gener-
ated by the deformation of the current collectors 21, 22,
40 can also be distributed as described above, and thus
peeling (cleaving) of the sealing portion 14 from the cur-
rent collectors 21, 22 starting from the inner edges P1,
P3 can be suppressed.

[0085] The presentdisclosure is not limited to the em-
bodiments and variations above. The embodiments and
variations above may be combined as appropriate. Al-
though the widths of the exposed portion 15c and the
exposed portion 16¢ are the same in the power storage
cells 2, 2A, 2B, the width of the exposed portion 16¢ to
which the end portion 13a is fixed may be greater than
the width of the exposed portion 15c. That is, the inner
edge 16a of the second resin layer 16 may be positioned
inward of the inner edge 15a of the first resin layer 15
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when viewed in the facing direction D. In this case, the
separator 13 can be stably fixed to the exposed portion
16¢ since the width of the exposed portion 16¢ is large.
Additionally, the space S can further be kept large since
the width of the exposed portion 15c¢ is small.

[0086] Although the end portion 13a of the separator
13 is fixed tothe secondresin layer 16 ata position inward
of the inner edge 17a of the third resin layer 17 in the
power storage cells 2, 2B, it may be fixed to the first resin
layer 15. That is, the end portion 13a may be welded to
the exposed portion 15c¢, not the exposed portion 16c. In
this case, the inner edge 15a may be positioned inward
of the inner edge 16a when viewed in the facing direction
D. The separator 13 can be stably fixed to the exposed
portion 15c¢ since the width of the exposed portion 15c is
large. Additionally, the space S can further be kept large
since the width of the exposed portion 16¢ is small.
[0087] In the power storage cell 2, the first resin layer
15 need not be provided to extend to the outer edge 21d
of the first face 21a, and the second resin layer 16 need
not be provided to extend to the outer edge 22d of the
first face 22a. Even in this case, the reduction in the ad-
hesive strength between the sealing portion 14 and the
current collectors 21, 22 can be suppressed, forexample,
by forming the third resin layer 17 of acid-modified poly-
ethylene or acid-modified polypropylene. In the power
storage cell 2A, the first resin layer 15 need not be pro-
vided to extend beyond the firstface 21a, and the second
resin layer 16 need not be provided to extend beyond
the first face 22a.

[0088] In the power storage cell 2, the welded area 8
may be spaced from the welded areas 6, 7 without having
a portion that overlaps the current collectors 21, 22 when
viewed in the facing direction D. In the power storage cell
2, the welded area 8 need not be provided. That is, in
the tubular member 4, the plurality of sealing portions 14
need notbe integrated by welding. In this case, the power
storage device 1 may, for example, further include a re-
stricting member that applies a restricting load to the tu-
bular member 4 in the stacking direction, to thereby stably
maintain a state in which the plurality of power storage
cells 2 are stacked.

[0089] Inthe power storage cell 2A, the inneredge 17a
of the third resin layer 17 may coincide with the inner
edge 15a of the first resin layer 15 and the inner edge
16a ofthe secondresinlayer 16 when viewed in the facing
direction D, or may be positioned inward of the inner edge
15a of the first resin layer 15 and the inner edge 16a of
the second resin layer 16.

[0090] In the power storage cell 2B, the separator 13
may be fixed to the sealing portion 14 by the end portion
13a being inserted between the third resin layer 17 and
the first resin layer 15 or the second resin layer 16.

Reference Signs List

[0091] 1, 1A, 1B...Power storage device, 2, 2A,
2B...Power storage cell, 3...Cell stack, 6, 7, 8...Welded
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area, 11...Cathode, 12...Anode, 13...Separator,
13a...End portion, 14...Sealing portion, 15...First resin
layer, 15a... Inner edge, 15b... Outer edge, 15c...Ex-
posed portion, 16... Second resin layer, 16a...Inner edge,
16b...Outer edge, 16c¢... Exposed portion, 17... Third res-
in layer, 17a... Inner edge, 21...Current collector, 21a ...
First face, 21d ... Outer edge, 22...Current collector,
22a...First face, 22d...Outer edge, 23...Cathode active
material layer, 24...Anode active material layer, 40...Cur-
rent collector, 40a...First face, 40b...Second face, 40d,
40e... Outer edge, A1, A2...Bonded area, S...Space, P1,
P2, P3, P4, P5, P6...Inner edge

Claims
1. A power storage cell comprising:

a cathode having a first current collector, and a
cathode active material layer provided on one
surface of the first current collector;

an anode having a second current collector, and
an anode active material layer provided on one
surface of the second current collector and fac-
ing the cathode active material layer;

a separator disposed between the cathode ac-
tive material layer and the anode active material
layer in a facing direction in which the cathode
active material layer and the anode active ma-
terial layer face each other; and

a frame-like sealing portion disposed between
the first current collector and the second current
collector to surround a periphery of the cathode
active material layer and the anode active ma-
terial layer when viewed in the facing direction,
the sealing portion sealing an electrolyte in a
space between the first current collector and the
second current collector,

wherein the sealing portion includes:

a first resin layer spaced from the cathode
active material layer and bonded to the one
surface of the first current collector;
asecond resin layer spaced from the anode
active material layer and bonded to the one
surface of the second current collector; and
a third resin layer provided between the first
resin layer and the second resin layer in the
facing direction, and welded to the first resin
layer and the second resin layer,

wherein an inner edge of a welded area be-
tween the first resin layer and the third resin
layer is positioned outward of an inner edge
of abonded area between the first resin lay-
er and the first current collector when
viewed in the facing direction, and
wherein an inner edge of a welded area be-
tween the second resin layer and the third
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resin layer is positioned outward of an inner
edge of abonded area between the second
resin layer and the second current collector
when viewed in the facing direction.

The power storage cell according to claim 1, wherein
an inner edge of the first resin layer and an inner
edge of the second resin layer are positioned inward
of an inner edge of the third resin layer when viewed
in the facing direction.

The power storage cell according to claim 1 or 2,
wherein the inner edge of the bonded area between
the first resin layer and the first current collector and
the inner edge of the bonded area between the sec-
ond resin layer and the second current collector are
positioned inward of the inner edge of the third resin
layer when viewed in the facing direction.

The power storage cell according to any one of
claims 1 to 3,

wherein the welded area between the first resin
layer and the third resin layer overlaps the bond-
ed area between the firstresin layer and the first
current collector when viewed in the facing di-
rection, and

wherein the welded area between the second
resin layer and the third resin layer overlaps the
bonded area between the second resin layer
and the second current collector when viewed
in the facing direction.

5. The power storage cell according to any one of

claims 1 to 4,

wherein the bonded area between the first resin
layer and the first current collector is formed by
an entire interface between the first resin layer
and the one surface of the first current collector,
and

wherein the bonded area between the second
resin layer and the second current collector is
formed by an entire interface between the sec-
ond resin layer and the one surface of the sec-
ond current collector.

The power storage cell according to any one of
claims 1 to 5, wherein thicknesses of the first resin
layer and the second resin layer are less than or
equal to a thickness of the third resin layer in the
facing direction.

The power storage cell according to any one of
claims 1 to 6,

wherein the first resin layer or the second resin
layerincludes an exposed portion exposed from
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the third resin layer to face the space, and
wherein an end portion of the separator is fixed
to the exposed portion.

A power storage device comprising a stack in which 5
a plurality of the power storage cells according to
any one of claims 1 to 7 are stacked in the facing
direction,

wherein the first current collector of one of the power
storage cells adjacent to each other in the facing 70
direction is electrically connected to the second cur-

rent collector of another of the power storage cells.

The power storage device according to claim 8,

15
wherein the first resin layer is provided to extend
beyond the first current collector when viewed
in the facing direction,
wherein the second resin layer is provided to
extend beyond the second current collector 20
when viewed in the facing direction, and
wherein the first resin layer and the second resin
layer respectively provided on the first current
collector and the second current collector adja-
cent to each other in the facing direction are 25
welded to each other outside of the first current
collector and the second current collector when
viewed in the facing direction.
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