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(57) ABSTRACT

A bipolar storage battery includes a bipolar electrode includ-
ing a positive electrode, a negative electrode, and a bipolar
plate provided with a positive electrode on one surface and
a negative electrode on an other surface. The bipolar plate
has a communication hole communicating the one surface
and the other surface. A positive current collector and a
negative current collector are electrically joined through the
communication hole. A partition is provided in the space
between an inner surface of the communication hole and a
joint portion between the positive current collector and the
negative current collector. This arrangement provides a
bipolar lead-acid storage battery that prevents an electrolytic
solution from reaching a negative electrode side as much as
possible to greatly suppress the occurrence of liquid junction
even when the electrolytic solution enters communication
holes, so that the battery performance is less likely to
deteriorate.
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BIPOLAR STORAGE BATTERY

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is a continuation of PCT Applica-
tion No. PCT/JP2021/040633, filed Nov. 4, 2021, the dis-
closure of which is incorporated herein in its entirety by
reference.

TECHNICAL FIELD

[0002] Embodiments of the present invention relate to a
bipolar storage battery.

BACKGROUND

[0003] In recent years, power generation facilities using
natural energy such as sunlight and wind power have
increased. In such power generation facilities, because the
power generation amount cannot be controlled, the power
load is leveled by using a storage battery. That is, when the
power generation amount is larger than the consumption
amount, the difference is charged into the storage battery,
and when the power generation amount is smaller than the
consumption amount, the difference is discharged from the
storage battery. As the above-described storage battery, a
lead-acid storage battery is frequently used for economic
efficiency, safety, and the like. As such a conventional
lead-acid storage battery, for example, one described in JP
Patent Publication No. 6124894 B2 is known.

[0004] In the lead-acid storage battery described in JP
Patent Publication No. 6124894 B2, a substrate (bipolar
plate) made of resin is attached inside a frame (rim) made of
resin having a picture frame shape. A positive lead layer and
anegative lead layer are disposed on one surface and another
surface of the substrate. A positive active material layer is
adjacent to the positive lead layer. A negative active material
layer is adjacent to the negative lead layer. In addition, a
glass mat (electrolytic layer) containing an electrolytic solu-
tion is disposed inside a spacer made of resin having a
picture frame shape. Then, a plurality of frames and spacers
is alternately stacked and assembled.

[0005] Further, the positive lead layer and the negative
lead layer are directly joined in a plurality of perforations
formed in the substrate. That is, the lead-acid storage battery
described in JP Patent Publication No. 6124894 B2 is a
bipolar lead-acid storage battery in which a plurality of
substrates having perforations (communication holes) for
communicating one surface side and another surface side
and cell members is alternately stacked. The cell member
includes a positive electrode in which the positive active
material layer is provided on the positive lead layer, a
negative electrode in which the negative active material
layer is provided on the negative lead layer, and the elec-
trolytic layer interposed between the positive electrode and
the negative electrode. The positive lead layer of one cell
member and the negative lead layer of another cell member
enter the inside of the perforations of the substrate and are
joined, and the cell members are connected in series.

SUMMARY

[0006] In the lead-acid storage battery described in JP
Patent Publication No. 6124894 B2, the substrate and the
lead layer are laminated by a method such as plating.
However, in the adhesion by a method such as plating, for
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example, only an anchor effect can be expected in the
adhesion between the substrate and the lead layer, and the
reliability of the manufactured lead-acid storage battery is
low. Therefore, for example, a method is conceivable in
which an adhesive is interposed between the substrate and
the lead layer to bond them.

[0007] Such a state is illustrated in FIGS. 12A-12C. The
lead layers bonded to the substrate using an adhesive include
the positive lead layer and the negative lead layer. In FIG.
12A, the positive lead layer is described as an example. That
is, as illustrated in FIG. 12A, the positive electrode of a
bipolar electrode is configured such that a positive lead layer
220 is disposed on one surface of a substrate 210 made of
resin with an adhesive layer 240 interposed therebetween,
and a positive active material layer (not illustrated) is
disposed on the positive lead layer 220.

[0008] Inthe bipolar lead-acid storage battery as described
above, the positive lead layer 220 can be corroded by
sulfuric acid contained in the electrolytic solution to gener-
ate a coating film 260 of a corrosion product (lead oxide) on
the front surface of the positive lead layer 220 (see FIG.
12B). Then, there has been a possibility that the develop-
ment of the coating film 260 of the corrosion product causes
elongation (growth) in the positive lead layer 220.

[0009] In addition, there has been a possibility that the
positive lead layer 220 and the adhesive layer 240 are
separated due to this growth. The electrolytic solution infil-
trates the interface between the positive lead layer 220 and
the adhesive layer 240, and the corrosion of the positive lead
layer 220 due to sulfuric acid further proceeds (see FIG.
12C). As a result, when corrosion reaches, for example, the
back surface of the positive lead layer 220 (the surface
facing the substrate 210), there has been a case where the
electrolytic solution infiltrates through the perforations
(communication holes) to cause a short circuit or the like,
and the performance of the battery deteriorates.

[0010] In addition, to directly join the positive lead layer
and the negative lead layer inside the perforations, for
example, resistance welding is used. However, when the
positive lead layer and the negative lead layer are not
appropriately welded due to various factors, there is a
possibility that joining failure occurs.

[0011] When the electrolytic solution enters between the
substrate and the positive lead layer due to the joining
failure, there is a possibility that the electrolytic solution
enters between the substrate and the negative lead layer via,
for example, the perforations (communication holes) to
cause liquid junction, which causes a reduction in voltage
and deterioration of the performance.

[0012] An object of the present invention is to provide a
bipolar storage battery that prevents an electrolytic solution
from reaching a negative electrode side as much as possible
to greatly suppress the occurrence of liquid junction even
when the electrolytic solution enters communication holes
when growth occurs in a positive electrode due to corrosion
by sulfuric acid contained in the electrolytic solution, so that
the battery performance is less likely to deteriorate.

[0013] A bipolar storage battery according to an embodi-
ment of the present invention is a bipolar storage battery
including a bipolar electrode. The bipolar electrode includes
a positive electrode, a negative electrode, and a bipolar plate
provided with the positive electrode on one surface and the
negative electrode on an other surface. The positive elec-
trode includes a positive current collector configured to be
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bonded to the one surface of the bipolar plate by an adhesive,
and the negative electrode includes a negative current col-
lector configured to be bonded to the other surface of the
bipolar plate by an adhesive. The bipolar plate has a com-
munication hole communicating the one surface and the
other surface. The positive current collector and the negative
current collector are electrically joined through the commu-
nication hole, and a partition is provided in the space
between an inner surface of the communication hole and a
joint portion between the positive current collector and the
negative current collector.

[0014] According to the present invention, it is possible to
provide a bipolar storage battery that prevents an electrolytic
solution from reaching a negative electrode side as much as
possible to greatly suppress the occurrence of liquid junction
even when the electrolytic solution enters communication
holes when growth occurs in a positive electrode due to
corrosion by sulfuric acid contained in the electrolytic
solution, so that the battery performance is less likely to
deteriorate.

[0015] Specifically, as a partition, a sealing member is
arranged inside the communication hole in a circumferential
direction. Therefore, when a positive current collector and a
negative current collector are joined inside the communica-
tion hole, the sealing member seals between the inner
surface of the communication hole and the joint portion of
the positive current collector and the negative current col-
lector. That is, even when the electrolytic solution enters the
inside of the communication hole, the electrolytic solution
can be prevented from reaching the negative electrode side
as much as possible, and the occurrence of liquid junction
can be greatly suppressed.

[0016] Specifically, as a partition, a protrusion portion is
provided inside the communication hole in the circumfer-
ential direction. That is, the protrusion portion is provided to
protrude from the inner surface toward the inside of the
communication hole. Therefore, even when the electrolytic
solution enters the inside of the communication hole, the
protrusion portion can play a role of blocking the electrolytic
solution. In addition, even if the electrolytic solution cannot
be blocked sufficiently, it is possible to increase the distance
for the electrolytic solution to flow to reach the negative
electrode side, so that it is possible to prevent the electrolytic
solution from reaching the negative electrode side as much
as possible to greatly suppress the occurrence of liquid
junction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a cross-sectional view illustrating a struc-
ture of a bipolar lead-acid storage battery according to an
embodiment of the present invention.

[0018] FIG. 2 is an enlarged cross-sectional view of a
bipolar electrode illustrating a structure of a main part of a
bipolar lead-acid storage battery related to a welding step in
a first embodiment.

[0019] FIG. 3 is an enlarged cross-sectional view of the
bipolar electrode illustrating a structure of a main part of the
bipolar lead-acid storage battery in a state where welding is
completed in the first embodiment.

[0020] FIG. 4 is an enlarged cross-sectional view of a
bipolar electrode illustrating a structure of a main part of a
bipolar lead-acid storage battery in a state where welding is
completed in a second embodiment.
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[0021] FIG. 5 is an enlarged cross-sectional view of a
bipolar electrode illustrating a structure of a main part of a
bipolar lead-acid storage battery in a state where welding is
completed in a third embodiment.

[0022] FIG. 6 is an enlarged cross-sectional view of a
bipolar electrode illustrating a structure of a main part of a
bipolar lead-acid storage battery in a state where welding is
completed in a fourth embodiment.

[0023] FIG. 7 is an enlarged cross-sectional view of the
bipolar electrode illustrating a structure of a main part of the
bipolar lead-acid storage battery in a state where welding is
completed in the fourth embodiment.

[0024] FIG. 8 is an enlarged cross-sectional view of the
bipolar electrode illustrating a structure of a main part of the
bipolar lead-acid storage battery in a state where welding is
completed in the fourth embodiment.

[0025] FIG. 9 is an enlarged cross-sectional view of a
bipolar electrode illustrating a protrusion portion provided
based on a relationship of thicknesses of a positive lead layer
and a negative lead layer in a fiftth embodiment.

[0026] FIG. 10 is an enlarged cross-sectional view of a
bipolar electrode illustrating a structure of a main part of a
bipolar lead-acid storage battery in a state where welding is
completed in a sixth embodiment.

[0027] FIG. 11 is an enlarged cross-sectional view of the
bipolar electrode illustrating a structure of a main part of the
bipolar lead-acid storage battery in a state where welding is
completed in the sixth embodiment.

[0028] FIGS. 12A, 12B, and 12C are views illustrating a
state in which an electrolytic solution infiltrates an interface
between a positive lead layer and an adhesive layer as a
result of growth occurring in the positive lead layer due to
corrosion by sulfuric acid contained in the electrolytic
solution in a conventional bipolar lead-acid storage battery.

DETAILED DESCRIPTION

[0029] Hereinafter, embodiments of the present invention
will be described in detail with reference to the drawings.
Note that the embodiments described below illustrate an
example of the present invention. In addition, various
changes or improvements can be added to the present
embodiments, and a mode to which such changes or
improvements are added can also be included in the present
invention. These embodiments and modifications thereof are
included in the scope and gist of the invention and are
included in the scope of the invention described in the claims
and its equivalents. Note that, hereinafter, a lead-acid stor-
age battery will be described as an example from among
various storage batteries.

First Embodiment

[0030] A structure of a bipolar lead-acid storage battery 1
according to embodiments of the present invention will be
described with reference to FIG. 1. FIG. 1 is a cross-
sectional view describing a structure of the bipolar lead-acid
storage battery 1 according to embodiments of the present
invention.

[0031] The bipolar lead-acid storage battery 1 illustrated
in FIG. 1 includes a first plate unit in which a negative
electrode 110 is fixed to a first plate 11 (also called an
endplate) having a flat plate shape, a second plate unit in
which an electrolytic layer 105 is fixed to the inside of a
second plate 12 (also called a spacer) having a frame plate
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shape, a third plate unit in which a bipolar electrode 130
having a positive electrode 120 provided on one surface of
a substrate (hereinafter, this substrate may be referred to as
a bipolar plate 111) and a negative electrode 110 provided on
another surface is fixed to the inside of a third plate 13 (also
called a rim) having a frame plate shape, and a fourth plate
unit in which the positive electrode 120 is fixed to a fourth
plate 14 (also called an endplate) having a flat plate shape.
[0032] The second plate unit and the third plate unit are
alternately stacked between the first plate unit and the fourth
plate unit to form the bipolar lead-acid storage battery 1
having, for example, a substantially rectangular parallelepi-
ped shape. The number of each of the second plate units and
the third plate units to be stacked is set such that the storage
capacity of the bipolar lead-acid storage battery 1 has a
desired numerical value.

[0033] A negative terminal 107 is fixed to the first plate 11,
and the negative electrode 110 and the negative terminal 107
fixed to the first plate 11 are electrically connected. A
positive terminal 108 is fixed to the fourth plate 14, and the
positive electrode 120 and the positive terminal 108 fixed to
the fourth plate 14 are electrically connected.

[0034] The first plate 11, the second plate 12, the third
plate 13, and the fourth plate 14 are formed of, for example,
a well-known molded resin. Then, the first plate 11, the
second plate 12, the third plate 13, and the fourth plate 14 are
fixed to each other by an appropriate method so that the
inside is in a sealed state and the electrolytic solution does
not flow out.

[0035] The electrolytic layer 105 is made of, for example,
a glass fiber mat impregnated with an electrolytic solution
containing sulfuric acid.

[0036] The bipolar plate 111 is made of, for example,
thermoplastic resin. Examples of the thermoplastic resin
forming the bipolar plate 111 include acrylonitrile-butadi-
ene-styrene copolymer (ABS) resin or polypropylene. These
thermoplastic resins are excellent in moldability and in
sulfuric acid resistance. Hence, even when the electrolytic
solution contacts the bipolar plate 111, decomposition, dete-
rioration, corrosion, and the like hardly occur in the bipolar
plate 111.

[0037] The bipolar plate 111 is provided with a commu-
nication hole 150 that allows the one surface and the other
surface to communicate with each other (see FIG. 2 to be
described below). A positive lead layer 101 and a negative
lead layer 102 are joined via the inside of the communication
hole 150, so that they are electrically connected to each
other, and conduction between the positive electrode and the
negative electrode is achieved.

[0038] The positive electrode 120 includes the positive
lead layer 101, which is a positive current collector made of
lead or a lead alloy and arranged on the one surface of the
bipolar plate 111, and a positive active material layer 103
arranged on the positive lead layer 101. This positive lead
layer 101 is bonded to the one surface of the bipolar plate
111 by an adhesive layer 140 such as an adhesive provided
between the one surface of the bipolar plate 111 and the
positive lead layer 101. Accordingly, the adhesive layer 140,
the positive lead layer 101, and the positive active material
layer 103 are stacked in this order on the one surface (in the
drawings such as FIG. 2 to be described below, a surface
facing upward on the plane of paper) of the bipolar plate 111.
[0039] The negative electrode 110 includes the negative
lead layer 102, which is a negative current collector made of
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lead or a lead alloy and arranged on the other surface of the
bipolar plate 111 (in the drawings such as FIG. 2, a surface
facing downward on the plane of paper), and a negative
active material layer 104 arranged on the negative lead layer
102. This negative lead layer 102 is bonded to the other
surface of the bipolar plate 111 by an adhesive layer 140
such as an adhesive provided between the other surface of
the bipolar plate 111 and the negative lead layer 102. The
positive electrode 120 and negative electrode 110 are elec-
trically connected through the communication hole 150
described above.

[0040] Note that, in the cross-sectional view of the bipolar
electrode 130 as illustrated, for example, in FIG. 2 described
below, among the elements constituting the positive elec-
trode 120, only the positive lead layer 101 is illustrated, and
the positive active material layer 103 is omitted. In addition,
similarly, among the elements constituting the negative
electrode 110, only the negative lead layer 102 is illustrated,
and the negative active material layer 104 is omitted.

[0041] In the bipolar lead-acid storage battery 1 of the first
embodiment having such a configuration, as described
above, the bipolar plate 111, the positive lead layer 101, the
positive active material layer 103, the negative lead layer
102, and the negative active material layer 104 constitute the
bipolar electrode 130. The bipolar electrode is an electrode
having both positive and negative electrode functions in one
electrode. The bipolar lead-acid storage battery 1 of the
embodiment of the present invention has a battery configu-
ration in which a plurality of cell members formed by
interposing the electrolytic layer 105 between the positive
electrode 120 and the negative electrode 110 is alternately
stacked and assembled to connect the cell members in series.

[0042] Next, a step of bonding the positive lead layer 101
and the negative lead layer 102 in the communication hole
150 provided in the bipolar plate 111 will be described
below. FIG. 2 is an enlarged cross-sectional view of the
bipolar electrode 130 illustrating a structure of a main part
of'the bipolar lead-acid storage battery 1 related to a welding
step in the first embodiment. Further, FIG. 2 illustrates a part
of a welding machine necessary for welding.

[0043] As illustrated in FIG. 2, in the bipolar electrode
130, an adhesive is applied to the one surface of the bipolar
plate 111, the positive lead layer 101 is arranged thereon, and
the adhesive layer 140 and the positive lead layer 101 are
bonded to each other. In addition, an adhesive is applied to
the other surface of the bipolar plate 111, the negative lead
layer 102 is arranged thereon, and the adhesive layer 140
and the negative lead layer 102 are bonded to each other.
Note that, as described above, illustration of the positive
active material layer 103 and the negative active material
layer 104 is omitted.

[0044] Inthe first embodiment, the adhesive layers 140 are
provided to entirely cover the one surface and the other
surface of the bipolar plate 111. However, as described
above, the adhesive layers 140 are provided on the one
surface and the other surface of the bipolar plate 111 and are
not located inside the communication hole 150.

[0045] At this stage, the positive lead layer 101 and the
negative lead layer 102 bonded to the bipolar plate 111 do
not enter the inside of the communication hole 150 but cover
the communication hole 150. Then, in this state, the positive
lead layer 101 and the negative lead layer 102 are joined in
the communication hole 150.
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[0046] A welding machine W is used for joining the
positive lead layer 101 and the negative lead layer 102. In
the embodiment of the present invention, resistance welding
is performed using the welding machine W illustrated in
FIG. 2. The welding machine W includes a power supply P
and two electrodes W1 and W2 connected to the power
supply P. Current applied from the power supply P to the
electrode W1 and the electrode W2 flows from the power
supply P to the electrode W1 and from the electrode W2 to
the power supply P.

[0047] At the time of welding, the electrode W1 is in
contact with the positive lead layer 101, and the electrode
W2 is in contact with the negative lead layer 102. Then, the
electrodes move toward the communication hole 150 in
directions indicated by the arrows in FIG. 2 while applying
pressure to approach each other. As described above,
because the electrodes are in contact with the lead layers, the
positive lead layer 101 and the negative lead layer 102 are
also deformed to be curved because of the movement of the
electrodes and come into contact with each other in the
communication hole 150. At this time, the current flows in
the direction of the arrows along the connections of the
welding machine W, and the electrodes are fused and joined
to each other.

[0048] Such a state is illustrated in FIG. 3. FIG. 3 is an
enlarged cross-sectional view of the bipolar electrode 130
illustrating a structure of a main part of the bipolar lead-acid
storage battery 1 in a state where welding is completed in the
first embodiment. Note that, in FIG. 3, the drawing of the
welding machine W is omitted.

[0049] Portions of the positive lead layer 101 and the
negative lead layer 102 that are pressed in contact with the
electrode W1 and the electrode W2 approach and contact
each other in the communication hole 150. Then, when the
current is applied by the welding machine W, they are joined
to each other in the communication hole 150.

[0050] Here, in the bipolar lead-acid storage battery 1 of
the embodiment of the present invention, a partition is
provided in the space between the inner surface of the
communication hole 150 and the joint portion between the
positive lead layer 101 and the negative lead layer 102.
[0051] Specifically, as illustrated in FIGS. 2 and 3, a
sealing member 160, which is a partition, is arranged inside
the communication hole 150 in the circumferential direction.
Even when the electrolytic solution enters the inside of the
communication hole 150 for some reason, the sealing mem-
ber 160 prevents entry of the electrolytic solution. This
sealing member 160 is arranged inside the communication
hole 150 to partition and seal a joint portion J between the
positive lead layer 101 and the negative lead layer 102 and
a surface (hereinafter, such a surface is appropriately
referred to as an “inner surface of the communication hole
150) constituting the communication hole 150 to prevent
the electrolytic solution from reaching the negative electrode
side as much as possible and greatly suppress the occurrence
of liquid junction.

[0052] Therefore, the sealing member 160 is required to
have resistance to sulfuric acid contained in the electrolytic
solution that has entered the inside of the communication
hole 150. As the sealing member 160, for example, one
formed of a fluorine-based material may be used. Fluorine
resin, fluorine rubber, an ethylene propylene rubber, or some
combination thereof having sulfuric acid resistance is suit-
ably used.

Oct. 5, 2023

[0053] In addition, as the sealing member 160, an O-ring,
a square packing, a half-round packing, a mountain-shaped
packing, a V packing, a U packing, a Y packing, or the like
is used. FIGS. 2 and 3 illustrate an example in which, among
them, the mountain-shaped packing is arranged inside the
communication hole 150. However, which type to use as the
sealing member 160 can be appropriately selected.

[0054] Further, a thickness of the sealing member 160 is
equal to or less than a thickness of the bipolar plate 111, that
is, a distance between the one surface and the other surface
of the bipolar plate 111. Accordingly, the sealing member
160 is not arranged to protrude beyond the communication
hole 150. However, for example, the sealing member 160 is
not prevented from being slightly elongate to protrude from
the one surface, the other surface, or both surfaces of the
bipolar plate 111. In such a state, it is also possible to prevent
the adhesive of the adhesive layer 140 from entering the
inside of the communication hole 150.

[0055] On the other hand, as illustrated in FIG. 2, when a
length from the inner surface of the communication hole 150
to the most protruding portion of the sealing member 160 is
L1, the length L1 is set to a length that can secure a distance
L2 for unfailingly joining the positive lead layer 101 and the
negative lead layer 102 inside the communication hole 150.

[0056] As described above, the sealing member 160 is
arranged inside the communication hole 150 in the circum-
ferential direction. Accordingly, as the shape of the sealing
member 160 in the circumferential direction, a shape con-
forming to the shape of the communication hole 150 is
adopted.

[0057] When the communication hole 150 has a circular
shape, the sealing member 160 has a diameter that is
between 102% and 110%, inclusive, of the diameter of the
communication hole 150. Because the sealing member 160
has such a size, it is possible to reduce the possibility of
generating a gap with respect to the inside of the commu-
nication hole 150.

[0058] As described above, in the first embodiment of the
present invention, the sealing member 160 is arranged inside
the communication hole 150 in the circumferential direction.
Therefore, by joining the positive lead layer 101 and the
negative lead layer 102 inside the communication hole 150,
the sealing member 160 seals between the inner surface of
the communication hole 150 and the joint portion J between
the positive lead layer 101 and the negative lead layer 102.
Therefore, even when the electrolytic solution enters the
inside of the communication hole 150, the electrolytic
solution can be prevented from reaching the negative elec-
trode side as much as possible, and the occurrence of liquid
junction can be greatly suppressed.

[0059] In addition, by arranging the sealing member 160
inside the communication hole 150, the sealing member 160
is in a state of protruding from the inner surface of the
communication hole 150. That is, because the sealing mem-
ber 160 forms a sort of protrusion portion inside the com-
munication hole 150, even when the electrolytic solution
enters the communication hole 150, the role of blocking the
electrolytic solution can be expected. In addition, even when
the electrolytic solution cannot be blocked, the flow distance
of the electrolytic solution is increased by the amount of
flowing along the sealing member 160. Therefore, even
when the electrolytic solution enters the inside of the com-
munication hole 150, the electrolytic solution reaching the



US 2023/0318045 Al

negative electrode side can be delayed as much as possible,
and the occurrence of liquid junction can be greatly sup-
pressed.

[0060] Note that the restrictions regarding the shape and
size of the sealing member 160 described so far are also
applied to sealing members 160 adopted in each embodi-
ment described below.

Second Embodiment

[0061] Next, the second embodiment of the present inven-
tion will be described. Note that, in the second embodiment,
the same constituent elements as those described in the
above-described first embodiment are denoted by the same
reference numerals, and redundant description of the same
constituent elements will be omitted.

[0062] FIG. 4 is an enlarged cross-sectional view of a
bipolar electrode 130A illustrating a structure of a main part
of a bipolar lead-acid storage battery 1 in a state where
welding is completed in the second embodiment. The use of
the welding machine W and performing the resistance
welding in the welding step in the second embodiment are
similar to the first embodiment.

[0063] The second embodiment is different from the first
embodiment in that the shape of the bipolar plate 111
constituting the inside of the communication hole 150 is
different. That is, as illustrated in FIG. 4, in a bipolar plate
111A of the bipolar electrode 130A, the inner surface of a
communication hole 151 is provided with a recessed portion
111a to which a sealing member 161, which is a partition, is
fitted in a circumferential direction.

[0064] Inthe bipolar electrode 130 of the first embodiment
described above, the inner surface of the communication
hole 150 of the bipolar plate 111 is not particularly provided
with a recessed portion or the like, and is only communi-
cated. On the other hand, in the bipolar electrode 130A of the
second embodiment, the recessed portion 111a to which the
sealing member 161 can be fitted in the circumferential
direction is formed on the inner surface of the communica-
tion hole 151.

[0065] That is, by forming the recessed portion 111a on
the inner surface of the communication hole 151 in the
circumferential direction, the sealing member 161 is fitted
into the recessed portion 111a. By fitting the sealing member
161 into the recessed portion 1114, the sealing member 161
is brought into closer contact with the bipolar plate 111A.
[0066] That is, the shape of the recessed portion 111a and
the shape of the sealing member 161 to be fitted are formed
to match each other. Accordingly, the shape of the recessed
portion 111a to be formed depends on the shape of the
sealing member 161 to be fitted. This is because if the state
in which the fitted sealing member 161 is in close contact
with the recessed portion 111a cannot be maintained, the
sealing member 161 may move inside the communication
hole 151, and the electrolytic solution may reach the nega-
tive electrode side through the recessed portion 111a.
[0067] However, the sealing member 161 is not entirely
fitted into the recessed portion 111a, but only a part thereof
is fitted into the recessed portion 111a. That is, the sealing
member 161 is not embedded in the recessed portion 111a,
and a portion of the sealing member 161 not fitted into the
recessed portion 111a is in a state of protruding from the
inner surface of the communication hole 151.

[0068] In the bipolar electrode 130A illustrated in FIG. 4,
as an example, the recessed portion 111a is formed in a
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square shape, and a square packing is fitted thereto. There-
fore, when viewed in cross-section, two sides sandwiching
one corner portion of the square packing are in contact with
two sides formed as the recessed portion 111a, and a corner
portion at a position opposite the corner portion protrudes
from the inner surface of the communication hole 151.
[0069] By forming the recessed portion 111a into which
the sealing member 161 is fitted in the bipolar plate 111A in
this manner, the bipolar plate 111 A and the sealing member
161 can be arranged in close contact with each other. Thus,
because the sealing member 161 seals between the inner
surface of the communication hole 151 and the joint portion
when the positive lead layer 101 and the negative lead layer
102 are joined, even if the electrolytic solution enters the
inside of the communication hole 151, it is possible to better
prevent the electrolytic solution from reaching the negative
electrode side.

[0070] In addition, because a part of the sealing member
161 is arranged at a position protruding from the inner
surface of the communication hole 151, even if the electro-
Iytic solution enters the communication hole 151, the flow
distance of the electrolytic solution is increased by the
amount of the protruding portion of the sealing member 161.
Therefore, even when the electrolytic solution enters the
inside of the communication hole 151, the electrolytic
solution reaching the negative electrode side can be delayed
as much as possible, and the occurrence of liquid junction
can be greatly suppressed.

[0071] Note that, as described above, in the bipolar elec-
trode 130A illustrated in FIG. 4, one corner portion of the
square packing of the sealing member 161 is fitted into the
recessed portion 111a, and the corner portion at a position
opposite the corner portion protrudes from the inner surface
of the communication hole 151. In this state, a line orthogo-
nal to the middle of a line connecting these corner portions
is flush with the inner surface of the communication hole
151.

[0072] However, the arrangement of the sealing member
161 at such a position is merely an example, and the
orthogonal line may not be flush with the inner surface of the
communication hole 151. That is, when the recessed portion
111a is formed larger and deeper, the orthogonal line moves
into the recessed portion 111a, and the position of the corner
portion protruding from the inner surface becomes closer to
the inner surface.

[0073] By forming the recessed portion 111a in such a
shape and by selecting the sealing member 161 to be fitted,
a distance 1.2 of a joint portion J between the positive lead
layer 101 and the negative lead layer 102 can be increased.
In addition, as described above, because the flow distance of
the electrolytic solution that has entered the inside of the
communication hole 151 can be increased, the electrolytic
solution reaching the negative electrode side can be delayed
as much as possible, and the occurrence of liquid junction
can be greatly suppressed.

[0074] On the other hand, when the recessed portion 111a
is formed smaller and shallower, the orthogonal line is
positioned outside the inner surface of the communication
hole 151, and the position of the corner portion protruding
from the inner surface becomes farther from the inner
surface. By forming the recessed portion 111« in such a
shape and by selecting the sealing member 161, the two
corner portions on the orthogonal line can be arranged at
positions separated from the inner surface.
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[0075] Thus, even if the electrolytic solution enters the
inside of the communication hole 151, not only has the flow
distance of the electrolytic solution that has entered the
inside of the communication hole 151 been increased, but
also the electrolytic solution has to further climb over the
corner portion of the sealing member 161 after flowing
along the inner surface. As a result, the electrolytic solution
can be further prevented from flowing to the negative
electrode side.

Third Embodiment

[0076] Next, the third embodiment of the present inven-
tion will be described. Note that, in the third embodiment,
the same constituent elements as those described in the
above-described first or second embodiment are denoted by
the same reference numerals, and redundant description of
the same constituent elements will be omitted.

[0077] FIG. 5 is an enlarged cross-sectional view of a
bipolar electrode 130B illustrating a structure of a main part
of a bipolar lead-acid storage battery 1 in a state where
welding is completed in the third embodiment. The use of
the welding machine W and performing the resistance
welding in the welding step in the third embodiment are
similar to the first embodiment.

[0078] The difference between the bipolar electrode 130B
of the third embodiment and the bipolar electrode 130 of the
first embodiment or the bipolar electrode 130A of the second
embodiment is that the shape of a bipolar plate 111B inside
a communication hole 152 is different.

[0079] That is, in the bipolar electrode 130B of the third
embodiment, the shape of the bipolar plate 111B inside a
communication hole 152 is formed to protrude toward the
inside of the communication hole 152.

[0080] In the bipolar electrode 130B illustrated in FIG. 5,
the bipolar plate 111B is formed to have a protrusion shape
toward the inside of the communication hole 152 and thus to
have a tapered shape from both a positive electrode 120 side
and a negative electrode 110 side. A sealing member 162,
which is a partition, is arranged to cover the portion (pro-
trusion portion) formed in a protrusion shape. Therefore, in
the bipolar electrode 130B, for example, a V packing is
adopted as the sealing member 162.

[0081] However, depending on the shape of the protrusion
portion formed on the bipolar plate 111B, for example, a U
packing, a Y packing, or the like can also be used. In
addition, the size of the protrusion portion formed on the
bipolar plate 111B can be set in consideration of the rela-
tionship with a joint portion J between a positive lead layer
101 and a negative lead layer 102.

[0082] As described above, by forming the shape of the
bipolar plate 111B inside the communication hole 152 into
a protrusion shape and arranging the sealing member 162 to
cover the bipolar plate 111B from above, the sealing member
162 seals between the inner surface of the communication
hole 152 and the joint portion when the positive lead layer
101 and the negative lead layer 102 are joined. Even if the
electrolytic solution enters the inside of the communication
hole 152, it is possible to better prevent the electrolytic
solution from reaching the negative electrode side.

[0083] In addition, by forming the shape of the bipolar
plate 111B to protrude from the inner surface of the com-
munication hole 152, even if the electrolytic solution enters
the communication hole 152, the sealing member 162 is
further arranged to cover the protruding portion of the
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bipolar plate 111, so that the flow distance of the electrolytic
solution is increased by this amount. Therefore, even when
the electrolytic solution enters the inside of the communi-
cation hole 152, the electrolytic solution reaching the nega-
tive electrode side can be delayed as much as possible, and
the occurrence of liquid junction can be greatly suppressed.
[0084] Note that it has been described as an example that
nothing is placed inside the communication hole 150, and
the positive lead layer 101 and the negative lead layer 102
are directly joined in the communication hole 150. However,
such a joining method is not limited to such a case. For
example, it is also conceivable to insert a conductor into the
communication hole 150.

[0085] In this case, the sealing member 160 is sandwiched
and interposed between the conductor, that is, the joint
portion, and the inner surface of the communication hole
150. The positive lead layer 101 and the negative lead layer
102 are joined to the conductor, and the positive electrode
and the negative electrode are electrically connected.
[0086] Even when the conductor is inserted into the inside
of the communication hole 150 as described above, because
the sealing member 160 seals between the inner surface of
the communication hole 150 and the conductor (joint por-
tion) when the positive lead layer 101 and the negative lead
layer 102 and the conductor are joined, even if the electro-
Iytic solution enters the inside of the communication hole
150, it is possible to better prevent the electrolytic solution
from reaching the negative electrode side.

[0087] Inaddition, because the sealing member 160 closes
between the conductor and the inner surface of the commu-
nication hole 150, even if the electrolytic solution enters the
inside of the communication hole 150, the electrolytic
solution can be prevented by the sealing member 160 from
flowing to the negative electrode side, and the occurrence of
liquid junction can be greatly suppressed.

Fourth Embodiment

[0088] Next, the fourth embodiment of the present inven-
tion will be described. Note that, in the fourth embodiment,
the same constituent elements as those described in the
above-described first to third embodiments are denoted by
the same reference numerals, and redundant description of
the same constituent elements will be omitted.

[0089] FIG. 6 is an enlarged cross-sectional view of a
bipolar electrode 130C illustrating a structure of a main part
of a bipolar lead-acid storage battery 1 in a state where
welding is completed in the fourth embodiment. FIG. 6
illustrates a structure of a protrusion portion 170 provided on
the inner surface of a communication hole 150 in the fourth
embodiment.

[0090] As illustrated in FIG. 6, the protrusion portion 170,
which is a partition, is provided on the inner surface of the
communication hole 150 in the circumferential direction.
Note that, as will be described below, the arrangement
position and shape of the protrusion portions 170 may be
different, but in a case where these are collectively
described, they are appropriately referred to as the “protru-
sion portion 170”.

[0091] The protrusion portion 170 is formed to protrude
from the inner surface of the communication hole 150
toward the inside of the communication hole 150. In addi-
tion, because the protrusion portion 170 is formed in this
manner, the protrusion portion 170 is formed of the same
material as the bipolar plate 111 described above.
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[0092] In addition, as illustrated in FIG. 6, the shape of the
protrusion portion 170 is formed to be a rectangular shape in
a cross-sectional view. Note that protrusion portion 171
illustrated in FIG. 7 and the protrusion portion 172 illus-
trated in FIG. 8 to be described below also have a rectan-
gular shape.

[0093] In FIG. 6, the protrusion portion 170 is located at
a central portion in a thickness direction (up-down direction
in the drawing) of a bipolar plate 111C. That is, the protru-
sion portion 170 is provided at a position where a distance
from one surface of the bipolar plate 111C to the center of
the protrusion portion 170 is substantially equal to a distance
from the center of the protrusion portion 170 to another
surface.

[0094] However, the position inside the communication
hole 150 at which the protrusion portion 170 is provided is
not particularly limited. Here, FIGS. 7 and 8 are enlarged
cross-sectional views of bipolar electrode 130D and bipolar
electrode 130E illustrating a structure of a main part of a
bipolar lead-acid storage battery 1 in a state where welding
is completed in the fourth embodiment.

[0095] In the bipolar electrode 130D illustrated in FIG. 7,
a protrusion portion 171 is provided closer to a negative lead
layer 102 side on the inner surface of the communication
hole 150. In this case, when resistance welding is performed,
a positive lead layer 101 is joined to the negative lead layer
102 in a state of being further moved to the inside of the
communication hole 150.

[0096] On the other hand, in the bipolar electrode 130E
illustrated in FIG. 8, a protrusion portion 172 is provided
closer to the positive lead layer 101 side on the inner surface
of the communication hole 150. In this case, when resistance
welding is performed, contrary to the case illustrated in FIG.
7, the negative lead layer 102 is joined to the positive lead
layer 101 in a state of being further moved to the inside of
the communication hole 150.

[0097] As described above, in the fourth embodiment of
the present invention, the protrusion portion 170 illustrated
in FIG. 6, the protrusion portion 171 illustrated in FIG. 7,
and the protrusion portion 172 illustrated in FIG. 8 are
provided on the inner surface of the communication hole
150 in the circumferential direction. By providing these
protrusion portions on the inner surface of the communica-
tion hole 150 in this manner, each protrusion portion 170,
171, 172 is in a state of protruding from the inner surface of
the communication hole 150. Therefore, each protrusion
portion can play a role of blocking the electrolytic solution
even when the electrolytic solution enters the inside of the
communication hole 150.

[0098] In addition, even if the electrolytic solution cannot
be sufficiently blocked, the flow distance of the electrolytic
solution is increased by the amount of flowing along the
protrusion portion 170. Therefore, even when the electro-
Iytic solution enters the inside of the communication hole
150, the electrolytic solution reaching the negative electrode
side can be delayed as much as possible, and the occurrence
of liquid junction can be greatly suppressed.

Fifth Embodiment

[0099] Next, the fitth embodiment of the present invention
will be described. Note that, in the fifth embodiment, the
same constituent elements as those described in the above-
described first to fourth embodiments are denoted by the
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same reference numerals, and redundant description of the
same constituent elements will be omitted.

[0100] The fifth embodiment is different from the fourth
embodiment in that the arrangement position of a protrusion
portion 173 illustrated in FIG. 9, which is a partition,
provided on the inner surface of the communication hole
150, is determined according to the relationship of the
thicknesses of a positive lead layer 101 A and a negative lead
layer 102A.

[0101] Note that, in addition, the use of the welding
machine W and performing the resistance welding in the
welding step in the fifth embodiment are similar to the first
embodiment or the like. In addition, the shape of the
protrusion portion 173 is also formed in a similar rectangular
shape in a cross-sectional view to the protrusion portion 170,
the protrusion portion 171, and the protrusion portion 172
described in the fourth embodiment.

[0102] For example, the positive lead layer 101 A and the
negative lead layer 102A may have different thicknesses. As
described above, when the positive lead layer 101A and the
negative lead layer 102A have different thicknesses, the
arrangement position of the protrusion portion is arranged at
a position closer to the lead layer having a lesser thickness
(that is, the thinner lead layer).

[0103] For example, the protrusion portion is arranged at
a position where a distance from a surface of a bipolar plate
provided with a lead layer having a smaller thickness to the
center of the protrusion portion is shorter than a distance
from a surface of the bipolar plate provided with a lead layer
having a larger thickness to the center of the protrusion
portion.

[0104] This will be described below with reference to FIG.
9. FIG. 9 is an enlarged cross-sectional view of a bipolar
electrode 130F illustrating the protrusion portion 173 pro-
vided based on a relationship of thicknesses of a positive
lead layer 101A and a negative lead layer 102A in the fifth
embodiment.

[0105] In the bipolar electrode 130F illustrated in FIG. 9,
a thickness (n) of the negative lead layer 102A is formed to
be thinner than a thickness (m) of the positive lead layer
101A. Therefore, the arrangement position of the protrusion
portion 173 is closer to the negative lead layer 102A side
rather than the positive lead layer 101A side.

[0106] As described above, in the fifth embodiment, the
arrangement position of the protrusion portion 173 is deter-
mined according to the thickness of each lead layer, but it is
also possible to determine more specifically in association
with the thickness of each lead layer as to how close and to
which lead layer the protrusion portion 173 is to be arranged,
that is, at which position inside the through-hole 150 the
protrusion portion 173 is to be arranged.

[0107] Specifically, in the bipolar electrode 130F illus-
trated in FIG. 9, the thickness (m) of the positive lead layer
101 A and the thickness (n) of the negative lead layer 102A
are formed such that the positive lead layer 101A is thicker
than the negative lead layer 102A, for example, at a ratio of
m:n=2:1. When the bipolar electrode 130F is configured as
described above, the arrangement position of the protrusion
portion 173 is determined in relation to the thicknesses of
both of them.

[0108] That is, the protrusion portion 173 is arranged at a
position where the ratio of the thicknesses of the positive
lead layer 101A and the negative lead layer 102A is equal to
the ratio of a distance from one surface of a bipolar plate
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111F to the center of the protrusion portion 173 and a
distance from the center of the protrusion portion 173 to
another surface.

[0109] As illustrated in FIG. 9, the bipolar plate 111F is
formed to have a thickness T. In addition, a distance
obtained by adding a distance T1 from the one surface of the
bipolar plate 111F to the center of the protrusion portion 173
and a distance T2 from the center of the protrusion portion
173 to the other surface is equal to the thickness T of the
bipolar plate 111F. That is, there is a relationship of T=T1+
T2.

[0110] The ratio between the distance T1 and the distance
T2 is equal to the ratio of the thicknesses of the positive lead
layer 101A and the negative lead layer 102A. That is, a
relationship of T1:T2=m:n is established.

[0111] In addition, the protrusion amount of the protrusion
portion 173 from the inner surface of the communication
hole 150 is preferably defined in relation to the diameter of
the communication hole 150. Specifically, when the diam-
eter of the communication hole 150 is D1 and the protrusion
amount of the protrusion portion 173 from the inner surface
of the communication hole 150 is D2, the ratio of D1:D2 is
preferably determined in a range of 5:1 to 4:1, inclusive. In
particular, it is more preferable that the protrusion amount of
the protrusion portion 173 is determined so as to satisfy a
condition of D1:D2=5:1.

[0112] Adopting the above configuration provides the
same effect as that of the above-described fourth embodi-
ment, that is, the effect that the electrolytic solution that has
entered the communication hole 150 is blocked by the
protrusion portion 173 and further the flow distance of the
electrolytic solution can be increased by the amount of
flowing along the protrusion portion 173. In this way, the
electrolytic solution reaching the negative electrode side can
be delayed as much as possible, and the occurrence of liquid
junction can be largely suppressed.

[0113] In addition, in the fifth embodiment, the arrange-
ment position and the protrusion amount of the protrusion
portion 173 are determined as described above. That is, for
example, even when resistance welding is performed in a
case where the thickness of the positive lead layer 101A is
thicker than the thickness of the negative lead layer 102A,
the positive lead layer 101 A, which is a thicker lead layer,
is joined to the negative lead layer 102A in a state where the
positive lead layer 101A deeply enters the inside of the
communication hole 150. Accordingly, because the elonga-
tion of lead in the positive lead layer 101A and the negative
lead layer 102A can be made uniform in resistance welding,
it is particularly possible to prevent occurrence of joining
failure such as breakage of the negative lead layer 102A. By
preventing joining failure, resistance welding is more appro-
priately performed, the electrolytic solution is prevented
from entering the negative electrode side through the com-
munication hole 150, and the occurrence of liquid junction
can be greatly suppressed.

[0114] Further, by determining the protrusion amount of
the protrusion portion 173 in relation to the diameter of the
communication hole 150, it is particularly possible to pre-
vent the protrusion amount from increasing or decreasing.
Thus, the electrolytic solution can be prevented from enter-
ing the negative electrode side through the communication
hole 150, the occurrence of liquid junction can be greatly
suppressed, and the positive lead layer 101A and the nega-
tive lead layer 102A can be appropriately joined.
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Sixth Embodiment

[0115] Next, the sixth embodiment of the present inven-
tion will be described. Note that, in the sixth embodiment,
the same constituent elements as those described in the
above-described first to fifth embodiments are denoted by
the same reference numerals, and redundant description of
the same constituent elements will be omitted.

[0116] In the fourth or fifth embodiment, the example in
which the shape of the protrusion portion 170 is formed in
a rectangular shape in a cross-sectional view has been
described. On the other hand, in the sixth embodiment, two
examples different from the above-described shape will be
described as the shape of the protrusion portion 170, which
is a partition.

[0117] FIG. 10 is an enlarged cross-sectional view of a
bipolar electrode 130G illustrating a structure of a main part
of a bipolar lead-acid storage battery 1 in a state where
welding is completed in the sixth embodiment. In addition,
FIG. 11 is an enlarged cross-sectional view of a bipolar
electrode 130H illustrating a structure of a main part of a
bipolar lead-acid storage battery 1 in a state where welding
is completed in the sixth embodiment.

[0118] First, a protrusion portion 174 illustrated in FIG. 10
is formed to protrude in a circular shape in cross-sectional
view toward the inside of a communication hole 150 formed
in a bipolar plate 111G. In addition, in FIG. 10, the protru-
sion portion 174 is formed to have a substantially semicir-
cular shape. However, the shape may not be a substantially
semicircular shape, and it is sufficient if the shape has a
curved surface such as a substantially semi-elliptical shape.
[0119] Further, although the protrusion portion 174 illus-
trated in FIG. 10 is formed in a substantially central portion
of the communication hole 150, it may be provided to be
close to one surface or another surface of the bipolar plate
111G like the protrusion portions 171 and 172 described
with reference to FIG. 7 or 8 in the fourth embodiment.
[0120] In addition, the inner surface of the communication
hole 150 in FIG. 10 is once formed in a substantially vertical
direction from the one surface of the bipolar plate 111G, and
after the protrusion portion 174 is formed, is formed again
in the substantially vertical direction to be connected to the
other surface. That is, the protrusion portion 174 is provided
on a part of the inner surface of the communication hole 150.
[0121] However, the protrusion portion 174 may not be
provided in this manner. That is, the protrusion portion 174
may be provided on the entire inner surface of the commu-
nication hole 150. Specifically, one end of the protrusion
portion 174 is arranged at a position connected to the one
surface of the bipolar plate 111G, and the other end of the
protrusion portion 174 is arranged at a position connected to
the other surface. Accordingly, when the protrusion portion
174 is formed in a semicircular shape, a distance from the
one surface to the other surface of the bipolar plate 111G on
the inner surface of the communication hole 150 is equal to
the diameter of the protrusion portion 174.

[0122] A protrusion portion 175 illustrated in FIG. 11 is
formed to protrude in a triangular shape in cross-sectional
view toward the inside of a communication hole 150 formed
in a bipolar plate 111H. In addition, in FIG. 11, the protru-
sion portion 175 is formed such that the internal angle at a
corner portion having a protrusion shape is approximately
90 degrees, but the angle of the internal angle can be
arbitrarily set. In addition, the corner portion can be formed
to have a rounded shape by rounding off the corner.
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[0123] Further, although the protrusion portion 175 illus-
trated in FIG. 11 is formed in a substantially central portion
of the communication hole 150, it may be provided to be
close to one surface or another surface of the bipolar plate
111H like the protrusion portions 171 and 172 described
with reference to FIG. 7 or 8 in the fourth embodiment.

[0124] In addition, the inner surface of the communication
hole 150 in FIG. 11 is once formed in a substantially vertical
direction from the one surface of the bipolar plate 111H, and
after the protrusion portion 175 is formed, is formed again
in the substantially vertical direction to be connected to the
other surface. That is, the protrusion portion 175 is provided
on a part of the inner surface of the communication hole 150.

[0125] However, the protrusion portion 175 may not be
provided in this manner. That is, the protrusion portion 175
may be provided on the entire inner surface of the commu-
nication hole 150. Specifically, among the three points
constituting the triangle, two points other than one point
protruding to the inner surface of the communication hole
150 are arranged at a position connected to the one surface
of'the bipolar plate 111H and a position connected to another
surface. Therefore, a distance from the one surface to the
other surface of the bipolar plate 111H on the inner surface
of the communication hole 150 is equal to a length of one
side connecting the two points of the protrusion portion 175
constituting the triangular shape and arranged on the one
surface and the other surface of the bipolar plate 111H.

[0126] In addition, both the protrusion portion 174 illus-
trated in FIG. 10 and the protrusion portion 175 illustrated
in FIG. 11 may be arranged at positions based on the ratio
of the thicknesses of the positive lead layer 101A and the
negative lead layer 102A described in the above-described
fifth embodiment. Further, the protrusion amount from the
inner surface of the communication hole 150 may be defined
in relation to the diameter of the communication hole 150.

[0127] Adopting the above configuration provides the
same effect as that of the above-described fourth embodi-
ment, that is, the effect that the electrolytic solution that has
entered the communication hole 150 is blocked by the
protrusion portion 174 and protrusion portion 175 or the
flow distance of the electrolytic solution can be increased by
the amount of flowing along the protrusion portion 174 and
protrusion portion 175. In this way, the electrolytic solution
reaching the negative electrode side can be delayed as much
as possible, and the occurrence of liquid junction can be
largely suppressed.

[0128] In addition, by forming the protrusion portion 174
and protrusion portion 175 having the shape as described
above on the basis of the ratio of the thicknesses of the
positive lead layer 101 A and the negative lead layer 102A,
the elongation of lead in the positive lead layer 101A and the
negative lead layer 102A can be made uniform in resistance
welding, so that it is possible to prevent the occurrence of
joining failure such as breakage of the negative lead layer
102A.

[0129] Further, by defining the protrusion amount from the
inner surface of the communication hole 150 in relation to
the diameter of the communication hole 150, the electrolytic
solution can be prevented from entering the negative elec-
trode side through the communication hole 150, the occur-
rence of liquid junction can be greatly suppressed, and the
positive lead layer 101A and the negative lead layer 102A
can be appropriately joined.

Oct. 5, 2023

[0130] Note that it has been described as an example that
nothing is placed inside the communication hole 150, and
the positive lead layer 101 and the negative lead layer 102
are directly joined in the communication hole 150. However,
such a joining method is not limited to such a case. For
example, it is also conceivable to insert a conductor into the
communication hole 150. In this case, the positive lead layer
101 and the negative lead layer 102 are joined to the
conductor, and the positive electrode and the negative elec-
trode are electrically connected.
[0131] When the conductor is inserted into the inside of
the communication hole 150 in this manner, the inside of the
communication hole 150 can be closed by the protrusion
portion 170 and the conductor facing each other. In particu-
lar, the conductor may be placed on the portion of the
protrusion portion 170 and the positive lead layer 101 and
the negative lead layer 102 joined to sandwich the conduc-
tor. Accordingly, even if the electrolytic solution enters the
inside of the communication hole 150, the electrolytic
solution can be better prevented from reaching the negative
electrode side.
[0132] In addition, because the conductor is fitted to be in
contact with the inner surface of the communication hole
150, it is possible to better prevent the electrolytic solution
from entering the inside of the communication hole 150.
Thus, the occurrence of liquid junction can be greatly
suppressed.
[0133] Further, the case where the communication hole
150 has a circular shape has been described as an example,
but the shape of the communication hole 150 is not limited
to a circular shape and may be any shape such as a
quadrangular shape or a triangular shape. The protrusion
portion 170 is formed to protrude from the inner surface of
the communication hole 150 toward the inside of the com-
munication hole 150 according to the shape of the commu-
nication hole 150. In addition, it is a matter of course that the
content described in each embodiment may be included.
[0134] In addition, as described above, in the embodi-
ments of the present invention, a bipolar type lead-acid
storage battery has been described as an example. However,
when the aforementioned descriptive content applies to
other storage batteries in which other metals (for example,
aluminum, copper, or nickel), alloys, or conductive resins
are used instead of lead for a current collector, such appli-
cation is naturally not excluded.
[0135] The following is a list of reference signs used in
this specification and in the drawings.

[0136] 1 Bipolar lead-acid storage battery

[0137] 101 and 101A Positive lead layer (positive cur-

rent collector)
[0138] 102 and 102A Negative lead layer (negative
current collector)

[0139] 103 Positive active material layer
[0140] 104 Negative active material layer
[0141] 105 Electrolytic layer

[0142] 110 Negative electrode

[0143] 111 to 111E Substrate (bipolar plate)
[0144] 120 Positive electrode

[0145] 130 to 130H Bipolar electrode
[0146] 140 Adhesive layer

[0147] 150 to 152 Communication hole
[0148] 160 to 160B Sealing member
[0149] 161 and 162 Sealing member
[0150] 170 to 175 Protrusion portion
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What is claimed is:
1. A bipolar storage battery, comprising:
a bipolar electrode including a positive electrode, a nega-
tive electrode, and a bipolar plate provided with the
positive electrode on one surface and the negative
electrode on an other surface, wherein:
the positive electrode includes a positive current col-
lector configured to be bonded to the one surface of
the bipolar plate by an adhesive,

the negative electrode includes a negative current col-
lector configured to be bonded to the other surface of
the bipolar plate by the adhesive,

the bipolar plate has a communication hole communi-
cating the one surface and the other surface,

the positive current collector and the negative current
collector are electrically joined through the commu-
nication hole, and

a partition is provided between an inner surface of the
communication hole and a joint portion between the
positive current collector and the negative current
collector.

2. The bipolar storage battery according to claim 1,
wherein the positive current collector and the negative
current collector are made of lead or a lead alloy.

3. The bipolar storage battery according to claim 1,
wherein the partition is a sealing member configured to seal
the partition.

4. The bipolar storage battery according to claim 3,
wherein the positive current collector and the negative
current collector are made of lead or a lead alloy.

5. The bipolar storage battery according to claim 3,
wherein the inner surface of the communication hole is
provided with a recessed portion in a circumferential direc-
tion in which the sealing member is fitted.

6. The bipolar storage battery according to claim 5,
wherein the positive current collector and the negative
current collector are made of lead or a lead alloy.

7. The bipolar storage battery according to claim 3,
wherein the inner surface of the communication hole is
provided with a protrusion portion in a circumferential
direction to which the sealing member is fitted.

8. The bipolar storage battery according to claim 7,
wherein the positive current collector and the negative
current collector are made of lead or a lead alloy.

9. The bipolar storage battery according to claim 3,
wherein the sealing member has sulfuric acid resistance.
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10. The bipolar storage battery according to claim 9,
wherein the positive current collector and the negative
current collector are made of lead or a lead alloy.

11. The bipolar storage battery according to claim 3,
wherein the sealing member is made of a fluorine-based
material.

12. The bipolar storage battery according to claim 11,
wherein the positive current collector and the negative
current collector are made of lead or a lead alloy.

13. The bipolar storage battery according to claim 3,
wherein the sealing member has a diameter between 102%
and 110%, inclusive, of a diameter of the communication
hole when the communication hole has a circular shape.

14. The bipolar storage battery according to claim 13,
wherein the positive current collector and the negative
current collector are made of lead or a lead alloy.

15. The bipolar storage battery according to claim 1,
wherein the partition is a protrusion portion provided on the
inner surface of the communication hole along a circumfer-
ential direction.

16. The bipolar storage battery according to claim 15,
wherein the positive current collector and the negative
current collector are made of lead or a lead alloy.

17. The bipolar storage battery according to claim 15,
wherein a protrusion amount of the protrusion portion from
the inner surface to an inside of the communication hole is
set so that a diameter of the communication hole and the
protrusion amount are in a range of 5:1 to 4:1.

18. The bipolar storage battery according to claim 17,
wherein the positive current collector and the negative
current collector are made of lead or a lead alloy.

19. The bipolar storage battery according to claim 15,
wherein when the positive current collector and the negative
current collector have different thicknesses, the protrusion
portion is arranged at a position where a distance from a
surface of the bipolar plate provided with a current collector
having a smaller thickness to a center of the protrusion
portion is shorter than a distance from a surface of the
bipolar plate provided with a current collector having a
larger thickness to the center of the protrusion portion.

20. The bipolar storage battery according to claim 19,
wherein a protrusion amount of the protrusion portion from
the inner surface to an inside of the communication hole is
set so that a diameter of the communication hole and the
protrusion amount are in a range of 5:1 to 4:1.

#* #* #* #* #*



