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(54) BIPOLAR PLATE, CELL FRAME AND CELL STACK, AND REDOX FLOW BATTERY

(57) A bipolar plate for a battery has a surface on
which a positive electrode is to be disposed and another
surface on which a negative electrode is to be disposed.
At least one of the surfaces of the bipolar plate is provided
with a plurality of groove sections through which an elec-
trolyte flows and a ridge section located between the
groove sections that are adjacent to each other. The
groove sections include an introduction groove section
and a discharge groove section that are not in commu-
nication with each other. The ridge section includes an
uneven portion configured to suppress sliding of the pos-
itive electrode or the negative electrode in a direction in
which the adjacent groove sections are arranged in par-
allel. The uneven portion includes a rough surface pro-
vided on at least a part of a surface of the ridge section.
The rough surface has a surface roughness of 0.1 mm
or more and 10 mm or less in terms of arithmetical mean

roughness Ra.
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Description

Technical Field

[0001] The present invention relates to a bipolar plate,
a cell frame, a cell stack, and a redox flow battery.
[0002] The present application claims priority from
Japanese Patent Application No. 2016-107756, filed on
May 30, 2016, and the entire contents of the Japanese
patent application are incorporated herein by reference.

Background Art

[0003] One of known large-capacity storage batteries
is a redox flow battery (hereinafter, may be referred to
as an "RF battery") in which a battery reaction is con-
ducted by supplying electrolytes to electrodes. Examples
of use of the RF battery include, besides use for load
leveling, use for a voltage sag compensation and an
emergency power supply, and use for smoothing the out-
put of natural energy, such as solar power generation
and wind power generation.
[0004] Such an RF battery typically includes, as a main
component, a battery cell including a positive electrode
to which a positive electrode electrolyte is supplied, a
negative electrode to which a negative electrode electro-
lyte is supplied, and a membrane disposed between the
positive electrode and the negative electrode. A large-
capacity RF battery uses a so-called cell stack formed
by stacking a plurality of battery cells and fastening the
battery cells to a certain extent. A bipolar plate is usually
disposed between adjacent battery cells. Specifically, the
cell stack is formed by stacking a bipolar plate, a positive
electrode, a membrane, a negative electrode, another
bipolar plate in that order repeatedly.
[0005] The RF battery is typically used by constructing
an RF battery system including a circulation mechanism
that circulates and supplies electrolytes to the RF battery.
The circulation mechanism includes tanks that respec-
tively stores a positive electrode electrolyte and a nega-
tive electrode electrolyte, pipes that connect each of the
tanks to the RF battery, and pumps provided on the pipes.
In PTL 1 and PTL 2, a bipolar plate having a plurality of
groove sections through which an electrolyte flows is
used in order to adjust a flow of the electrolyte in each
cell, the electrolyte being allowed to flow through an elec-
trode by a pump. Since the bipolar plate has the groove
sections on a surface on the electrode side, the flow of
the electrolyte flowing through the electrode is adjusted,
thereby decreasing a pressure loss of the electrolyte. In
addition, since the bipolar plate has the groove sections
on a surface on the electrode side, the electrolyte flows
so as to traverse between the adjacent groove sections
over a section (hereinafter referred to as a "ridge section")
located between the groove sections, and the electrolyte
conducts a battery reaction on the electrode facing the
ridge section to decrease the amount of electrolyte dis-
charged in an unreacted state.

Citation List

Patent Literature

[0006]

PTL 1: Japanese Unexamined Patent Application
Publication No. 2015-122230
PTL 2: Japanese Unexamined Patent Application
Publication No. 2015-210849

Summary of Invention

[0007] A bipolar plate according to the present disclo-
sure is
a bipolar plate for a battery, the bipolar plate having a
surface on which a positive electrode is to be disposed
and another surface on which a negative electrode is to
be disposed,
in which at least one of the surfaces of the bipolar plate
is provided with a plurality of groove sections through
which an electrolyte flows and a ridge section located
between the groove sections that are adjacent to each
other,
the groove sections include an introduction groove sec-
tion and a discharge groove section that are not in com-
munication with each other,
the ridge section includes an uneven portion configured
to suppress sliding of the positive electrode or the neg-
ative electrode in a direction in which the adjacent groove
sections are arranged in parallel,
the uneven portion includes a rough surface provided on
at least a part of a surface of the ridge section, and
the rough surface has a surface roughness of 0.1 mm or
more and 10 mm or less in terms of arithmetical mean
roughness Ra.
[0008] A bipolar plate according to the present disclo-
sure is
a bipolar plate for a battery, the bipolar plate having a
surface on which a positive electrode is to be disposed
and another surface on which a negative electrode is to
be disposed,
in which at least one of the surfaces of the bipolar plate
is provided with a plurality of groove sections through
which an electrolyte flows and a ridge section located
between the groove sections that are adjacent to each
other,
the groove sections include an introduction groove sec-
tion and a discharge groove section that are not in com-
munication with each other,
the ridge section includes an uneven portion configured
to suppress sliding of the positive electrode or the neg-
ative electrode in a direction in which the adjacent groove
sections are arranged in parallel,
the uneven portion includes a step provided so as to have
a difference in height in the direction in which the adjacent
groove sections are arranged in parallel, and
the step has a maximum difference in height of 0.1 mm
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or more and 0.5 mm or less.
[0009] A bipolar plate according to the present disclo-
sure is
a bipolar plate for a battery, the bipolar plate having a
surface on which a positive electrode is to be disposed
and another surface on which a negative electrode is to
be disposed,
in which at least one of the surfaces of the bipolar plate
is provided with a plurality of groove sections through
which an electrolyte flows and a ridge section located
between the groove sections that are adjacent to each
other,
the groove sections include an introduction groove sec-
tion and a discharge groove section that are not in com-
munication with each other,
the ridge section includes an uneven portion configured
to suppress sliding of the positive electrode or the neg-
ative electrode in a direction in which the adjacent groove
sections are arranged in parallel,
the uneven portion includes an inclined surface that in-
clines from one groove section side toward the other
groove section side of the adjacent groove sections, and
the inclined surface has a difference in height of 0.1 mm
or more and 0.5 mm or less.
[0010] A cell frame according to the present disclosure
includes a bipolar plate according to any one of the bi-
polar plates according to the present disclosure and a
frame body disposed on an outer periphery of the bipolar
plate.
[0011] A cell stack according to the present disclosure
is obtained by stacking the cell frame according to the
present disclosure, a positive electrode, a membrane,
and a negative electrode a plurality of times.
[0012] A redox flow battery according to the present
disclosure includes the cell stack according to the present
disclosure.

Brief Description of Drawings

[0013]

[Fig. 1] Figure 1 is a schematic plan view illustrating
an opposed comb-tooth shaped flow path provided
on a bipolar plate according to Embodiment 1.
[Fig. 2] Figure 2 is a schematic enlarged sectional
view illustrating the shapes of groove sections and
ridge sections provided on a bipolar plate according
to Embodiment 1.
[Fig. 3] Figure 3 is a schematic enlarged sectional
view illustrating the shapes of groove sections and
ridge sections provided on a bipolar plate according
to Embodiment 2.
[Fig. 4] Figure 4 is a schematic enlarged sectional
view illustrating the shapes of groove sections and
ridge sections provided on a bipolar plate according
to Embodiment 3.
[Fig. 5] Figure 5 is a schematic explanatory view of
a redox flow battery.

[Fig. 6] Figure 6 is a schematic view illustrating a
configuration of a cell stack included in a redox flow
battery.
[Fig. 7] Figure 7 is a graph showing simulation results
of the relationship between a step and a cell resist-
ance in a bipolar plate of Test Example 1.

Description of Embodiments

[Technical Problem]

[0014] In each of the bipolar plates disclosed in PTL 1
and PTL 2, most of the outermost surface of the bipolar
plate is formed by ridge sections located between re-
spective adjacent groove sections. Since the surfaces of
the ridge sections are each constituted by a flat surface,
there is no friction between an electrode and the bipolar
plate. Thus, during the assembly of a battery cell, posi-
tional misalignment may occur between the electrode
and the bipolar plate.
[0015] In view of the above, an object of the present
disclosure is to provide a bipolar plate capable of easily
preventing positional misalignment of an electrode dur-
ing the assembly of a battery cell. Another object of the
present disclosure is to provide a bipolar plate having
good diffusibility of an electrolyte. Still another object of
the present disclosure is to provide a cell frame including
the bipolar plate, a cell stack including the cell frame, and
a redox flow battery including the cell stack.

[Advantageous Effects of the Present Disclosure]

[0016] The bipolar plate can easily prevent positional
misalignment of an electrode during the assembly of a
battery cell. In addition, the bipolar plate has good diffus-
ibility of an electrolyte. The cell frame, the cell stack, and
the redox flow battery can prevent positional misalign-
ment of an electrode during the assembly of a battery
cell and have good diffusibility of an electrolyte.

[Description of Embodiments of the Present Invention]

[0017] First, the contents of embodiments of the
present invention will be listed and described.

(1) A bipolar plate according to an embodiment of
the present invention is
a bipolar plate for a battery, the bipolar plate having
a surface on which a positive electrode is to be dis-
posed and another surface on which a negative elec-
trode is to be disposed,
in which at least one of the surfaces of the bipolar
plate is provided with a plurality of groove sections
through which an electrolyte flows and a ridge sec-
tion located between the groove sections that are
adjacent to each other,
the groove sections include an introduction groove
section and a discharge groove section that are not
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in communication with each other,
the ridge section includes an uneven portion config-
ured to suppress sliding of the positive electrode or
the negative electrode in a direction in which the ad-
jacent groove sections are arranged in parallel,
the uneven portion includes a rough surface provid-
ed on at least a part of a surface of the ridge section,
and
the rough surface has a surface roughness of 0.1
mm or more and 10 mm or less in terms of arithmetical
mean roughness Ra.
Since the bipolar plate includes the uneven portion
on the ridge section that comes in contact with a
positive electrode or a negative electrode, friction is
generated between the electrode and the bipolar
plate by the uneven portion, and sliding of the elec-
trode can be suppressed by the friction. Accordingly,
the electrode can be held on the bipolar plate by
simply disposing the electrode on a surface of the
bipolar plate. Thus, even during assembly of a bat-
tery cell, it is possible to easily prevent positional
misalignment from occurring between the electrode
and the bipolar plate.
In addition, since the bipolar plate includes the une-
ven portion on the ridge section that comes in contact
with a positive electrode or a negative electrode, the
uneven portion changes the flow velocity of an elec-
trolyte and easily generates a turbulent flow when
the electrolyte flows so as to traverse between the
adjacent groove sections. When a turbulent flow is
generated in the ridge section, the electrolyte is for-
cibly diffused into the electrode disposed so as to
face the ridge section, active material ions contained
in the electrolyte can be uniformly supplied into the
electrode, and thus battery reactivity can be presum-
ably improved.
Since the uneven portion includes the rough surface,
friction is easily generated between the electrode
and the bipolar plate, and positional misalignment of
the electrode with respect to the bipolar plate is easily
prevented. Since the rough surface has a surface
roughness of 0.1 mm or more in terms of arithmetical
mean roughness Ra, positional misalignment of the
electrode with respect to the bipolar plate can be
prevented. On the other hand, since the rough sur-
face has a surface roughness of 10 mm or less in
terms of arithmetical mean roughness Ra, it is easy
to arrange the electrode without a gap with respect
to the bipolar plate. This is because if a gap is formed
between the bipolar plate and the electrode, the elec-
trolyte that flows so as to traverse between the ad-
jacent groove sections over the ridge section is dif-
ficult to diffuse into the electrode, and the electrolyte
may remain in an unreacted state.
(2) A bipolar plate according to an embodiment of
the present invention is
a bipolar plate for a battery, the bipolar plate having
a surface on which a positive electrode is to be dis-

posed and another surface on which a negative elec-
trode is to be disposed,
in which at least one of the surfaces of the bipolar
plate is provided with a plurality of groove sections
through which an electrolyte flows and a ridge sec-
tion located between the groove sections that are
adjacent to each other,
the groove sections include an introduction groove
section and a discharge groove section that are not
in communication with each other,
the ridge section includes an uneven portion config-
ured to suppress sliding of the positive electrode or
the negative electrode in a direction in which the ad-
jacent groove sections are arranged in parallel,
the uneven portion includes a step provided so as
to have a difference in height in the direction in which
the adjacent groove sections are arranged in paral-
lel, and
the step has a maximum difference in height of 0.1
mm or more and 0.5 mm or less.
Since the uneven portion includes the step, a ridge
line portion extending from a high portion to a low
portion can catch the electrode, and thus positional
misalignment of the electrode with respect to the bi-
polar plate is easily prevented. Since the uneven por-
tions includes the step, when an electrolyte flows so
as to traverse between the adjacent groove sections,
the flow velocity of the electrolyte is easily signifi-
cantly changed by the step-like difference in height,
and diffusibility of the electrolyte is easily improved.
Since the maximum difference in height of the step
is 0.1 mm or more, positional misalignment of the
electrode with respect to the bipolar plate can be
prevented, and diffusibility of the electrolyte is easily
improved. On the other hand, since the maximum
difference in height of the step is 0.5 mm or less, the
electrode is easily arranged without a gap with re-
spect to the bipolar plate.
(3) A bipolar plate according to an embodiment of
the present invention is
a bipolar plate for a battery, the bipolar plate having
a surface on which a positive electrode is to be dis-
posed and another surface on which a negative elec-
trode is to be disposed,
in which at least one of the surfaces of the bipolar
plate is provided with a plurality of groove sections
through which an electrolyte flows and a ridge sec-
tion located between the groove sections that are
adjacent to each other,
the groove sections include an introduction groove
section and a discharge groove section that are not
in communication with each other,
the ridge section includes an uneven portion config-
ured to suppress sliding of the positive electrode or
the negative electrode in a direction in which the ad-
jacent groove sections are arranged in parallel,
the uneven portion includes an inclined surface that
inclines from one groove section side toward the oth-
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er groove section side of the adjacent groove sec-
tions, and
the inclined surface has a difference in height of 0.1
mm or more and 0.5 mm or less.
Since the uneven portion includes the inclined sur-
face, an edge of the inclined surface on the high por-
tion side can catch the electrode, and thus positional
misalignment of the electrode with respect to the bi-
polar plate is easily prevented. In addition, since the
uneven portion includes the inclined surface, when
an electrolyte flows so as to traverse between the
adjacent groove sections, the flow velocity of the
electrolyte is easily significantly changed by the dif-
ference in height of the inclined surface, and diffus-
ibility of the electrolyte is easily improved. Since the
difference in height of the inclined surface is 0.1 mm
or more, positional misalignment of the electrode
with respect to the bipolar plate can be prevented,
and diffusibility of the electrolyte is easily improved.
On the other hand, since the difference in height of
the inclined surface is 0.5 mm or less, it is easy to
arrange the electrode without a gap with respect to
the bipolar plate.
(4) An example of the bipolar plate may be
an embodiment in which the introduction groove sec-
tion and the discharge groove section satisfy any
one of (A) to (C) below:

(A) the introduction groove section and the dis-
charge groove section each include a comb-
tooth-shaped region to form an interdigitated,
opposed comb-tooth shape in which the comb
teeth are disposed to face each other in an in-
terdigitated manner;
(B) the introduction groove section and the dis-
charge groove section each include a comb-
tooth-shaped region to form a non-interdigitat-
ed, opposed comb-tooth shape in which the
comb teeth are not interdigitated with each oth-
er; and
(C) at least one of the introduction groove sec-
tion and the discharge groove section is formed
by a plurality of discontinuous groove sections.

Regarding the embodiment of (A) above, the term
"comb-tooth shape" refers to a shape that includes
a long main groove extending in one direction and a
plurality of branch grooves branched from the main
groove in parallel in the same direction. The expres-
sion "the introduction groove section and the dis-
charge groove section that are not in communication
with each other each include a comb-tooth-shaped
region" means that in each of the introduction groove
section and the discharge groove section, branch
grooves (comb teeth) that are independent from
each other protrude from an independent main
groove. Furthermore, the expression "comb teeth

are disposed to face each other in an interdigitated
manner" means that comb teeth of the introduction
groove section and comb teeth of the discharge
groove section are alternately arranged with each
other in plan view.
When the comb teeth of the introduction groove sec-
tion and the discharge groove section are disposed
to face each other in an interdigitated manner, the
comb teeth of the introduction groove section and
the comb teeth of the discharge groove section are
arranged in parallel, and a battery reaction in the
electrode is conducted so that an electrolyte travers-
es between the comb teeth that are arranged in par-
allel. The amount of electrolyte flowing through a bat-
tery reaction zone extending so as to traverse be-
tween the comb teeth easily increases compared
with the case where the introduction groove section
and the discharge groove section are not interdigi-
tated. Therefore, according to the above configura-
tion, activation of the battery reaction in the battery
reaction zone of the electrode can be expected, the
flowing state of the electrolyte in the battery reaction
zone of the electrode becomes easily uniform over
the entire electrode, and the battery reaction is easily
uniformly conducted over a wide range of the elec-
trode.
Regarding the embodiment of (B) above, even in the
case of the non-interdigitated, opposed comb-tooth
shape, a region that is disposed to face a ridge sec-
tion located between adjacent groove sections func-
tions as battery a reaction zone. Accordingly, acti-
vation of the battery reaction can be expected com-
pared with the case where the introduction groove
section and the discharge groove section communi-
cate with each other.
Regarding the embodiment of (C) above, the term
"a plurality of discontinuous groove sections" means
that the introduction groove section and/or the dis-
charge groove section is formed by a plurality of
groove groups disposed at intervals in the longitudi-
nal direction thereof. Also in this case, a region that
is disposed to face a ridge section located between
adjacent groove sections functions as battery a re-
action zone. Accordingly, activation of the battery
reaction can be expected compared with the case
where the introduction groove section and the dis-
charge groove section communicate with each oth-
er.
(5) A cell frame according to an embodiment of the
present invention includes the bipolar plate accord-
ing to any one of (1) to (4) above and a frame body
disposed on an outer periphery of the bipolar plate.
Since the cell frame includes the bipolar plate ac-
cording to an embodiment of the present invention,
even during assembly of a battery cell, occurrence
of positional misalignment between the electrode
and the bipolar plate can be easily prevented. In ad-
dition, the electrolyte can be forcibly diffused into the
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electrode disposed so as to face the ridge section,
and thus battery reactivity can be presumably im-
proved.
(6) A cell stack according to an embodiment of the
present invention is obtained by stacking the cell
frame according to (5) above, a positive electrode,
a membrane, and a negative electrode a plurality of
times.
 Since the cell stack includes the cell frame according
to an embodiment of the present invention, even dur-
ing assembly of a battery cell (cell stack), occurrence
of positional misalignment between the electrode
and the bipolar plate can be easily prevented. In ad-
dition, the electrolyte can be forcibly diffused into the
electrode disposed so as to face the ridge section,
and thus battery reactivity can be presumably im-
proved.
(7) A redox flow battery according to an embodiment
of the present invention includes the cell stack ac-
cording to (6) above.

[0018] Since the redox flow battery includes the cell
stack according to an embodiment of the present inven-
tion, even during assembly of a battery cell (cell stack),
occurrence of positional misalignment between the elec-
trode and the bipolar plate can be easily prevented. In
addition, the electrolyte can be forcibly diffused into the
electrode disposed so as to face the ridge section, and
thus battery reactivity can be presumably improved.

[Details of Embodiments of the Present Invention]

[0019] A bipolar plate included in a redox flow battery
(RF battery) according to an embodiment of the present
invention and an RF battery including the bipolar plate
will now be described in detail with reference to the draw-
ings. In the drawings, the same reference signs denote
the same components.
[0020] First, a basic configuration of an RF battery sys-
tem including an RF battery 100 according to an embod-
iment will be described with reference to Figs. 5 and 6.
Next, embodiments of a bipolar plate included in the RF
battery 100 of the embodiment will be described with ref-
erence to Figs. 1 to 4.

[Overview of RF Battery]

[0021] The RF battery 100 according to the embodi-
ment is used by constructing an RF battery system in-
cluding a circulation mechanism that circulates and sup-
plies electrolytes to the RF battery 100, as illustrated in
Fig. 5. The RF battery 100 is typically connected, through
an alternating current/direct current converter, a trans-
former facility, and the like, to a power generation unit
and a load such as a power system or a consumer. The
RF battery 100 performs charging using the power gen-
eration unit as a power supply and performs discharging
to the load as a power consumption target. Examples of

the power generation unit include solar power generation
apparatuses, wind power generation apparatuses, and
other general power plants.

[Basic Configuration of RF Battery]

[0022] The RF battery 100 includes a battery cell 100C
that is divided into a positive electrode cell 102 and a
negative electrode cell 103 by a membrane 101. The
positive electrode cell 102 includes therein a positive
electrode 104 to which a positive electrode electrolyte is
supplied. The negative electrode cell 103 includes there-
in a negative electrode 105 to which a negative electrode
electrolyte is supplied. Typically, the RF battery 100 in-
cludes a plurality of the battery cells 100C and bipolar
plates 121 (Fig. 6) disposed between the respective ad-
jacent battery cells 100C.
[0023] Each of the positive electrode 104 and the neg-
ative electrode 105 is a reaction site in which active ma-
terial ions contained in a supplied electrolyte conduct a
battery reaction. The membrane 101 is a separation
member that separates the positive electrode 104 and
the negative electrode 105 from each other and that al-
lows specific ions to permeate therethrough. The bipolar
plate 121 is a conductive member that is disposed be-
tween the positive electrode 104 and the negative elec-
trode 105 and that allows an electric current to flow but
does not allow electrolytes to flow therethrough. Typical-
ly, as illustrated in Fig. 6, the bipolar plate 121 is used in
a state of a cell frame 120 that includes a frame body
122 provided on the outer periphery of the bipolar plate
121. The frame body 122 has liquid supply holes 123 and
124 through which electrolytes are supplied to the elec-
trodes 104 and 105 disposed on the bipolar plate 121
and liquid drainage holes 125 and 126 through which the
electrolytes are discharged from the electrodes 104 and
105, the liquid supply holes 123 and 124 and the liquid
drainage holes 125 and 126 being opened on front and
back surfaces of the frame body 122. A sealing member
127 such as an O-ring is disposed on the frame body 122
so as to surround the entire circumference of the frame
body 122.
[0024] The plurality of battery cells 100C are stacked
and used in the form of a cell stack 200. As illustrated in
Fig. 6, the cell stack 200 is formed by stacking a bipolar
plate 121 of a cell frame 120, a positive electrode 104, a
membrane 101, a negative electrode 105, and a bipolar
plate 121 of another cell frame 120 in that order repeat-
edly. On the electrodes 104 and 105 located on both
ends of the cell stack 200 in a direction in which the bat-
tery cells 100C are stacked, current collector plates (not
illustrated) are disposed instead of the bipolar plates 121.
On both ends of the cell stack 200 in the direction in which
the battery cells 100C are stacked, end plates 201 are
typically disposed. The battery cells 100C between the
pair of end plates 201 are integrated by being connected
together by using connecting members 202 such as long
bolts.

9 10 
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[Overview of RF Battery System]

[0025] The RF battery system includes an RF battery
100, and a positive electrode circulation mechanism and
a negative electrode circulation mechanism described
below. The RF battery system circulates and supplies
the positive electrode electrolyte to the positive electrode
104 and circulates and supplies the negative electrode
electrolyte to the negative electrode 105. Figure 5 illus-
trates an operating principle of a vanadium-based RF
battery 100 that uses a vanadium electrolyte containing
vanadium (V) ions as active materials of the positive elec-
trode electrolyte and the negative electrode electrolyte.
Through the circulation and supply, the RF battery 100
conducts charging and discharging accompanying a va-
lence change reaction of an ion serving as the active
material in the electrolyte for each electrode. In the bat-
tery cell 100C in Fig. 5, the solid-line arrows indicate a
charging reaction, and the broken-line arrows indicate a
discharging reaction.
[0026] The positive electrode circulation mechanism
includes a positive electrode tank 106 that stores a pos-
itive electrode electrolyte to be supplied to the positive
electrode 104, pipes 108 and 110 that connect the pos-
itive electrode tank 106 and the RF battery 100, and a
pump 112 provided on the pipe 108 on the supply side.
Similarly, the negative electrode circulation mechanism
includes a negative electrode tank 107 that stores a neg-
ative electrode electrolyte to be supplied to the negative
electrode 105, pipes 109 and 111 that connect the neg-
ative electrode tank 107 and the RF battery 100, and a
pump 113 provided on the pipe 109 on the supply side.
By stacking a plurality of cell frames 120, the liquid supply
holes 123 and 124 and the liquid drainage holes 125 and
126 (Fig. 6) form electrolyte flow ducts, and the pipes
108 to 111 are connected to the ducts. The basic config-
uration of the RF battery system may be obtained by
appropriately using a known configuration.

[Main Feature of RF Battery]

[0027] The RF battery 100 of the embodiment includes
a bipolar plate including a plurality of groove sections
through which an electrolyte flows and a ridge section
located between the adjacent groove sections, the
groove sections and the ridge section being disposed on
at least one of a surface facing the positive electrode 104
and a surface facing the negative electrode 105. A feature
of this bipolar plate lies in that the bipolar plate has a
configuration in which when the positive electrode 104
or the negative electrode 105 is disposed on the bipolar
plate, positional misalignment of the electrode 104 or 105
with respect to the bipolar plate can be prevented. Spe-
cifically, the ridge section includes an uneven portion
configured to suppress sliding of the positive electrode
104 or the negative electrode 105 in a direction in which
the adjacent groove sections are arranged in parallel.
Bipolar plates included in the RF battery 100 according

to the above-described embodiment will now be de-
scribed in detail. For the sake of convenience of expla-
nation, each of the bipolar plates illustrated in Figs. 2 to
4 has a larger thickness than the positive electrode 104
and the negative electrode 105.

<<Embodiment 1>>

[0028] A bipolar plate 1 according to Embodiment 1
will be described with reference to Figs. 1 and 2. The
bipolar plate 1 is a rectangular flat plate as illustrated in
Fig. 1. On front and back surfaces of the bipolar plate 1,
a positive electrode 104 and a negative electrode 105 of
adjacent battery cells 100C are disposed. The bipolar
plate 1 includes, on surfaces facing the electrodes 104
and 105, a plurality of groove sections 10 and ridge sec-
tions 20 located between the respective adjacent groove
sections 10. The plurality of groove sections 10 function
as a flow path in which an electrolyte flows and are pro-
vided in order to adjust flows of electrolytes in each of
the battery cells 100C, the electrolytes being allowed to
flow through the electrodes 104 and 105 by the pumps
112 and 113, respectively. A positive electrode electro-
lyte is allowed to flow in the groove sections 10 provided
on one surface of the bipolar plate 1 on which the positive
electrode 104 is disposed to face the bipolar plate 1. A
negative electrode electrolyte is allowed to flow in the
groove sections 10 provided on the other surface of the
bipolar plate 1 on which the negative electrode 105 is
disposed to face the bipolar plate 1. The flow of the elec-
trolyte in each of the battery cell 100C can be controlled
by adjusting, for example, the shape and dimensions of
the groove sections 10.

• Groove section

[0029] As illustrated in Fig. 1, the groove sections 10
include an introduction groove section 12 through which
an electrolyte is introduced into a corresponding elec-
trode and a discharge groove section 14 through which
the electrolyte is discharged from the corresponding elec-
trode. The introduction groove section 12 and the dis-
charge groove section 14 are not in communication with
each other but are independent from each other. The
introduction groove section 12 and the discharge groove
section 14 each include a comb-tooth-shaped region.
This embodiment provides an interdigitated, opposed
comb-tooth shape in which comb teeth of the introduction
groove section 12 and comb teeth of the discharge
groove section 14 are disposed to face each other in an
interdigitated manner.
[0030] The introduction groove section 12 includes an
introduction port 12i through which is connected to the
liquid supply hole 123 (or 124, Fig. 6) and through which
an electrolyte is supplied, a single introduction longitudi-
nal groove section 12y connected to the introduction port
12i and extending in the longitudinal direction of the bi-
polar plate 1 (in the up-down direction in Fig. 1), and a
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plurality of introduction lateral groove sections 12x ex-
tending from the introduction longitudinal groove section
12y in the lateral direction of the bipolar plate 1 (in the
left-right direction in Fig. 1) and arranged in parallel with
a predetermined distance W (Fig. 1). The introduction
port 12i, the introduction longitudinal groove section 12y,
and the introduction lateral groove sections 12x are con-
tinuous.
[0031] The discharge groove section 14 has a shape
similar to the introduction groove section 12. The dis-
charge groove section 14 includes a discharge port 14o
through which is connected to the liquid drainage hole
125 (or 126, Fig. 6) and through which the electrolyte
flowing from the introduction groove section 12 through
the electrode 104 or 105 is discharged, a single discharge
longitudinal groove section 14y connected to the dis-
charge port 14o and extending in the longitudinal direc-
tion of the bipolar plate 1, and a plurality of discharge
lateral groove sections 14x extending from the discharge
longitudinal groove section 14y in the lateral direction of
the bipolar plate 1 and arranged in parallel with a prede-
termined distance W. The discharge port 14o, the dis-
charge longitudinal groove section 14y, and the dis-
charge lateral groove sections 14x are continuous.
[0032] In this embodiment, as illustrated in Fig. 2, each
of the groove sections 10 has a rectangular sectional
shape. The sectional shape of the groove section 10 may
be a V-shape, a U-shape, a semicircular shape, or the
like besides a rectangular shape. In this embodiment, in
the case where the groove sections 10 are provided on
the front and back surfaces of the bipolar plate 1, the
bipolar plate 1 includes the lateral groove sections 12x
and 14x at different positions in perspective plan view.
The groove sections 10 maybe provided such that the
lateral groove sections 12x and 14x are located at posi-
tions that partially overlap or at positions that do not over-
lap in perspective plan view of the bipolar plate 1.

• Ridge section

[0033] As illustrated in Figs. 1 and 2, the ridge sections
20 are sections located between adjacent groove sec-
tions 10. In this embodiment, the groove sections 10 form
an interdigitated, opposed comb-tooth shape in which
comb teeth of the introduction groove section 12 and
comb teeth of the discharge groove section 14 are dis-
posed to face each other in an interdigitated manner.
Accordingly, the term "ridge section 20" refers to a section
located between the introduction lateral groove section
12x and the discharge lateral groove section 14x (refer
to Fig. 2). The ridge sections 20 form most of the outer-
most surface of the bipolar plate 1. Therefore, when the
battery cell 100C is assembled, the ridge sections 20
contact the electrodes 104 and 105.
[0034] As illustrated in Fig. 2, each of the ridge sections
20 has an uneven portion 22 configured to suppress slid-
ing of the electrode 104 or 105 in a direction in which an
introduction lateral groove section 12x and a discharge

lateral groove section 14x that are adjacent to each other
are arranged in parallel. A feature of this embodiment
lies in that the uneven portion 22 is formed by a rough
surface provided on a surface of the ridge section 20.
[0035] The rough surface forming the uneven portion
22 has a surface roughness of 0.1 mm or more and 10
mm or less in terms of arithmetical mean roughness Ra.
In general, the positive electrode 104 and the negative
electrode 105 are each formed of a porous body including
fibers. When the surface roughness of the rough surface
is 0.1 mm or more in terms of arithmetical mean rough-
ness Ra, the ridge sections 20 can catch the fibers that
form the electrodes 104 and 105. Thus, positional mis-
alignment of the electrodes 104 and 105 with respect to
the bipolar plate 1 can be prevented. On the other hand,
when the surface roughness of the rough surface is 10
mm or less in terms of arithmetical mean roughness Ra,
it is easy to arrange the electrodes 104 and 105 without
gaps with respect to the bipolar plate 1. This is because
if a gap is formed between the bipolar plate 1 and the
electrode 104 or 105, an electrolyte that flows so as to
traverse between adjacent groove sections 12x and 14x
over a ridge section 20 is difficult to diffuse into the elec-
trode 104 or 105, and the electrolyte may remain in an
unreacted state. The surface roughness of the rough sur-
face is more preferably 6.4 mm or less, 3.2 mm or less,
and particularly preferably 0.2 mm or more and 1.6 mm
or less in terms of arithmetical mean roughness Ra.
[0036] In the bipolar plate 1, each of the electrolytes
introduced from the introduction port 12i flows along the
groove sections 10 (in the directions indicated by the sol-
id-line arrows in Fig. 1) and flows to traverse in a width
direction (in the up-down direction in Fig. 1) over each
ridge section 20 between the corresponding introduction
lateral groove section 12x and discharge lateral groove
section 14x (in the directions indicated by the broken-line
arrows in Fig. 1). The electrolytes flowing through the
groove sections 10 during the time in which the electro-
lytes are introduced from the introduction ports 12i and
reach the discharge ports 14o permeate and diffuse into
the electrodes 104 and 105 disposed so as to face the
bipolar plate 1. The electrolytes that permeate and diffuse
into the electrodes 104 and 105 conduct battery reactions
in the electrodes 104 and 105. In this embodiment, since
each of the electrolytes flows so as to traverse over the
ridge sections 20, the amount of electrolyte that is dis-
charged in an unreacted state can be decreased. In par-
ticular, since the ridge sections 20 include uneven por-
tions 22, the flow velocities of electrolytes are changed
by a minute difference in height of the uneven portions
22, and thus turbulent flows of the electrolytes can be
presumably generated. When turbulent flows are gener-
ated in the ridge sections 20, the electrolytes are forcibly
diffused into the electrodes 104 and 105 disposed so as
to face the ridge sections 20, active material ions con-
tained in the electrolytes can be uniformly supplied into
the electrodes 104 and 105, and thus battery reactivity
can be presumably improved.
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[0037] With an increase in a length L (Fig. 1) of the
portion where the comb teeth of the introduction groove
section 12 and the comb teeth of the discharge groove
section 14 are interdigitated with each other, the amount
of electrolyte that flows so as to traverse over the ridge
sections 20 presumably increases. Accordingly, the
length of the interdigitated portion may be 80% or more,
and furthermore, 90% or more of the length of the bipolar
plate 1 (the length in the left-right direction in Fig. 1).
[0038] In addition, with an increase in the distance W
between the introduction groove section 12 and the dis-
charge groove section 14, that is, a width W of each of
the ridge sections 20, the amount of electrolyte that flows
so as to traverse over the ridge sections 20 presumably
increases. Accordingly, the length of the width W of each
of the ridge sections 20 may be 100% or more and 700%
or less, and furthermore, 200% or more and 500% or less
of the width of each of the groove sections 10.
[0039] In this embodiment, the uneven portion 22 is
provided over the entire width W of the corresponding
ridge section 20. Alternatively, the uneven portion 22 may
be partially provided on the ridge section 20 in the width
direction.
[0040] A conductive material with a low electrical re-
sistance that does not react with an electrolyte and has
electrolyte resistance (such as chemical resistance and
acid resistance) can be suitably used as the constituent
material of the bipolar plate 1. Furthermore, the constit-
uent material of the bipolar plate 1 preferably has suitable
rigidity. This is because the shape and the dimensions
of the groove sections 10 are unlikely to change for a
long period of time, and it is easy to maintain the effect
reducing flow resistance and the effect of reducing a pres-
sure loss that are achieved by the groove sections 10.
Specific examples of the constituent material include a
composite material containing a carbon material and an
organic material. More specifically, examples thereof in-
clude conductive plastics containing a conductive inor-
ganic material, such as graphite, and an organic material,
such as a polyolefin-based organic compound or a chlo-
rinated organic compound.
[0041] Examples of the carbon material include, in ad-
dition to graphite, carbon black and diamond like carbon
(DLC). Examples of carbon black include acetylene black
and furnace black. The carbon material preferably con-
tains graphite. The carbon material may contain mainly
graphite and partly at least one of carbon black and DLC.
The conductive inorganic material may contain, in addi-
tion to the carbon material, a metal such as aluminum.
Examples of the conductive inorganic material include
powders and fibers.
[0042] Examples of the polyolefin-based organic com-
pound include polyethylene, polypropylene, and poly-
butene. Examples of the chlorinated organic compound
include vinyl chloride, chlorinated polyethylene, and chlo-
rinated paraffin.
[0043] The bipolar plate 1 described above can be pro-
duced by forming the above constituent material to have

a plate shape by a known method, such as injection mold-
ing, press molding, or vacuum molding, and forming, in
addition to the groove sections 10 and the ridge sections
20, the uneven portions 22 on the ridge sections 20.
When the groove sections 10 and the uneven portions
22 are simultaneously formed, good productivity of the
bipolar plate 1 can be achieved. Alternatively, the groove
sections 10 and the uneven portions 22 may be formed
by, for example, cutting a flat plate that is not provided
with the groove sections 10. The rough surface may be
formed on the ridge sections 20 by subjecting the ridge
sections 20 to blasting.

<<Embodiment 2>>

[0044] A bipolar plate 2 according to Embodiment 2
will be described with reference to Fig. 3. A feature of the
bipolar plate 2 lies in that uneven portions 22 included in
ridge sections 20 are each formed by a step. The bipolar
plate 2 of Embodiment 2 differs from the bipolar plate 1
of Embodiment 1 in the form of the uneven portions 22,
and other configurations of the bipolar plate 2 of Embod-
iment 2 are the same as those of the bipolar plate 1 of
Embodiment 1. Figure 3 illustrates only one surface side
of the bipolar plate 2.
[0045] As illustrated in Fig. 3, a step H that forms an
uneven portion 22 has a difference in height in a direction
in which an introduction lateral groove section 12x and
a discharge lateral groove section 14x that are adjacent
to each other are arranged in parallel. In this embodiment,
a single step is provided such that the thickness of the
bipolar plate 2 decreases from the introduction lateral
groove section 12x side toward the discharge lateral
groove section 14x side. In this embodiment, the intro-
duction lateral groove section 12x side is referred to as
a "high portion 22h", and the discharge lateral groove
section 14x side is referred to as a "low portion 22p".
[0046] The step H that forms each of the uneven por-
tions 22 has a maximum difference in height of 0.1 mm
or more and 0.5 mm or less. When the maximum differ-
ence in height of the step is 0.1 mm or more, ridge line
portions formed by the high portions 22h and the low
portions 22p can catch the electrodes 104 and 105, and
thus positional misalignment of the electrodes 104 and
105 with respect to the bipolar plate 2 can be prevented.
When the maximum difference in height of the step is 0.1
mm or more, the flow velocity of an electrolyte that flows
from the introduction lateral groove section 12x side to
the discharge lateral groove section 14x side through the
ridge section 20 significantly changes, and a turbulent
flow of the electrolyte is easily generated. The reason for
this is as follows. When the battery cell 100C is assem-
bled and compressed, as illustrated in Fig. 3, the distance
between the bipolar plate 2 and the membrane 101 on
the low portion 22p side is larger than that on the high
portion 22h side, and thus the flow velocity on the low
portion 22p side becomes lower than that on the high
portion 22h side. On the other hand, when the maximum
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difference in height of the step is 0.5 mm or less, each
of the electrodes 104 and 105 is easily arranged without
a gap with respect to the bipolar plate 2. The maximum
difference in height is more preferably 0.2 mm or more
and 0.4 mm or less.
[0047] In this embodiment, a single step is provided in
a central portion of each of the ridge sections 20 in the
width direction. Alternatively, a plurality of steps may be
provided. In this embodiment, the introduction lateral
groove section 12x side forms the high portion 22h, and
the discharge lateral groove section 14x forms the low
portion 22p. Alternatively, the introduction lateral groove
section 12x side may form the low portion 22p, and the
discharge lateral groove section 14x may form the high
portion 22h. In the case where a plurality of steps are
provided on a single ridge section 20, it is not necessary
that the height sequentially decrease or increase from
one side toward the other side of the ridge section 20 in
the width direction. For example, both sides in the width
direction may form high portions 22h (low portions 22p)
and a central portion may form a low portion 22p (high
portion 22h). Alternatively, high portions 22h and low por-
tions 22p may be irregularly provided.
[0048] Each of the ridge sections 20 of the bipolar plate
2 may have a smooth surface having a surface roughness
of less than 1.0 mm in terms of arithmetical mean rough-
ness Ra or a rough surface having a surface roughness
of 1.0 mm or more in terms of Ra.

<<Embodiment 3>>

[0049] A bipolar plate 3 according to Embodiment 3
will be described with reference to Fig. 4. A feature of the
bipolar plate 3 lies in that uneven portions 22 included in
ridge sections 20 are each formed by an inclined surface.
The bipolar plate 3 of Embodiment 3 differs from the bi-
polar plate 1 of Embodiment 1 in the form of the uneven
portions 22, and other configurations of the bipolar plate
3 of Embodiment 3 are the same as those of the bipolar
plate 1 of Embodiment 1. Figure 4 illustrates only one
surface side of the bipolar plate 3.
[0050] As illustrated in Fig. 4, the inclined surface that
forms an uneven portion 22 inclines from the introduction
lateral groove section 12x side toward the discharge lat-
eral groove section 14x side of an introduction lateral
groove section 12x and a discharge lateral groove sec-
tion 14x that are adjacent to each other. In this embodi-
ment, the inclined surface inclines such that the thickness
of the bipolar plate 2 decreases from the introduction
lateral groove section 12x side toward the discharge lat-
eral groove section 14x side. In this embodiment, the
introduction lateral groove section 12x side is referred to
as a "high portion 22h", and the discharge lateral groove
section 14x side is referred to as a "low portion 22p".
[0051] The inclined surface that forms each of the un-
even portions 22 has a difference in height of 0.1 mm or
more and 0.5 mm or less. When the difference in height
of the inclined surface is 0.1 mm or more, the electrodes

104 and 105 can be caught on the high portion 22h side,
and thus positional misalignment of the electrodes 104
and 105 with respect to the bipolar plate 3 can be pre-
vented. When the difference in height of the inclined sur-
face is 0.1 mm or more, the flow velocity of an electrolyte
that flows from the introduction lateral groove section 12x
side to the discharge lateral groove section 14x side
through the ridge section 20 significantly changes, and
a turbulent flow of the electrolyte is easily generated. The
reason for this is as follows. When the battery cell 100C
is assembled and compressed, as illustrated in Fig. 4,
the distance between the bipolar plate 3 and the mem-
brane 101 on the low portion 22p side is larger than that
on the high portion 22h side, and thus the flow velocity
on the low portion 22p side becomes lower than that on
the high portion 22h side. On the other hand, when the
difference in height of the inclined surface is 0.5 mm,
each of the electrodes 104 and 105 is easily arranged
without a gap with respect to the bipolar plate 3. The
difference in height of the inclined surface is more pref-
erably 0.2 mm or more and 0.4 mm or less.
[0052] In this embodiment, the inclined surface contin-
uously inclines from a side edge of the introduction lateral
groove section 12x to a side edge of the discharge lateral
groove section 14x. Alternatively, in addition to an in-
clined surface, a flat surface or a step may be provided
between the two side edges. In this embodiment, the
introduction lateral groove section 12x side forms the
high portion 22h, and the discharge lateral groove section
14x forms the low portion 22p. Alternatively, the introduc-
tion lateral groove section 12x side may form the low
portion 22p, and the discharge lateral groove section 14x
may form the high portion 22h.
[0053] Each of the ridge sections 20 of the bipolar plate
3 may have a smooth surface having a surface roughness
of less than 1.0 mm in terms of arithmetical mean rough-
ness Ra or a rough surface having a surface roughness
of 1.0 mm or more in terms of Ra.

<<Modifications>>

[0054] The bipolar plates 1 to 3 of Embodiments 1 to
3 may have any of the following arrangement forms of
the groove sections 10.

(1) In the case of the interdigitated, opposed comb-
tooth shape, comb teeth of the introduction groove
section 12 and comb teeth of the discharge groove
section 14 extend in the longitudinal direction (in the
up-down direction in Fig. 1) and are alternately ar-
ranged in the lateral direction of the bipolar plate (in
the left-right direction in Fig. 1).
(2) The groove sections 10 form a non-interdigitated,
opposed comb-tooth shape in which the introduction
groove section 12 and the discharge groove section
14 are not interdigitated with each other. For exam-
ple, the groove sections 10 may have a form in which
an introduction groove section and a discharge
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groove section are disposed to face each other with
a distance therebetween in the lateral direction of
the bipolar plate. Also in such a non-interdigitated
comb-tooth shape, in each of the electrode 104 and
105, regions that are disposed to face the ridge sec-
tions located between adjacent groove sections
each function as a battery reaction zone.
(3) At least one of the introduction groove section 12
and the discharge groove section 14 is formed not
by a continuous groove section but by a plurality of
discontinuous groove sections. For example, an in-
troduction lateral groove section and/or a discharge
lateral groove section may be formed by a plurality
of groove groups disposed at intervals in the lateral
direction thereof.

[Other Constitutional Members of RF Battery]

• Positive electrode and negative electrode

[0055] The positive electrode 104 and the negative
electrode 105 are each disposed between the membrane
101 and the bipolar plate 1, 2, or 3. An electrolyte is sup-
plied to each of the electrodes 104 and 105 mainly
through the groove sections 10 of the bipolar plate 1, 2,
or 3. The electrolyte permeates and diffuses into the cor-
responding electrode 104 or 105, and an active material
in the electrolyte conducts a battery reaction on the cor-
responding electrode 104 or 105. For this purpose, each
of the electrodes 104 and 105 is formed of a porous body
having a large number of fine pores. As the constituent
material of each of the electrodes 104 and 105, a porous
body containing carbon fibers, for example, carbon felt
or carbon paper can be suitably used. Known electrodes
can be used.

• Membrane

[0056] Examples of the membrane 101 include ion-ex-
change membranes such as cation-exchange mem-
branes and anion-exchange membranes. Ion-exchange
membranes have the features that (1) they have good
isolation properties between ions of the positive electrode
active material and ions of the negative electrode active
material, and (2) they have good permeability of H+ ions,
which are charge carriers in the battery cell 100C. Thus,
ion-exchange membranes can be suitably used as the
membrane 101. Known membranes can be used.

[Electrolyte]

[0057] The electrolyte used in the RF battery 100 con-
tains active material ions such as metal ions or non-metal
ions. An example thereof is a vanadium-based electrolyte
containing vanadium ions having different valences (Fig.
5) as a positive electrode active material and a negative
electrode active material. Other examples thereof in-
clude an iron-chromium-based electrolyte containing iron

(Fe) ions as the positive electrode active material and
chromium (Cr) ions as the negative electrode active ma-
terial, and a manganese-titanium-based electrolyte con-
taining manganese (Mn) ions as the positive electrode
active material and titanium (Ti) ions as the negative elec-
trode active material. For example, an aqueous solution
containing, in addition to the active materials, at least one
acid selected from sulfuric acid, phosphoric acid, nitric
acid, and hydrochloric acid or at least one salt of the acid
can be used as the electrolyte.

[Use]

[0058] The bipolar plates of the embodiments can be
suitably used as bipolar plates of redox flow batteries.
The redox flow batteries of the embodiments can be used
as storage batteries for the purpose of, for example, sta-
bilization of output fluctuation of power generation, stor-
age of electricity when surplus power is generated, and
load leveling for power generation using natural energy,
such as solar power generation or wind power genera-
tion. The redox flow batteries of the embodiments may
be additionally installed in typical power plants and used
as storage batteries for the countermeasures against
voltage sag/power failure and load leveling. In particular,
the redox flow batteries of the embodiments can be suit-
ably used as large-capacity storage batteries for the pur-
poses described above.

[Test Example 1]

[0059] In Test Example 1, a bipolar plate which includ-
ed a flow path having an interdigitated comb-tooth shape
and which was provided with ridge sections including un-
even portions formed by steps was used (refer to Fig. 3),
and a fluid simulation (numerical analysis using spread-
sheet software of Excel (registered trademark) available
from Microsoft Corporation) was conducted for an RF
battery in which the above bipolar plate was assumed to
be disposed at a predetermined position. Thus, a cell
resistance of the RF battery was determined. In Test Ex-
ample 1, the RF battery had a single-cell structure in
which a battery cell including a positive electrode-mem-
brane-negative electrode stack was sandwiched be-
tween cell frames each including the bipolar plate. De-
tailed conditions for the test are described below.

• Bipolar plate

[0060]

Dimensions: length 200 mm, width 198 mm, thick-
ness 6.2 mm
Shape of groove section: interdigitated, opposed
comb-tooth shape including introduction groove sec-
tion and discharge groove section (refer to Fig. 3)
With regard to lateral groove sections
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Number: 16 introduction groove sections 3 16
discharge groove sections
Length L: 150 mm
Overlap length of comb teeth: 142 mm
Width of groove section: 1.3 mm
Depth of groove section: 1.0 mm
Sectional shape of groove section: rectangular
shape
Width W of ridge section: 3.9 mm

With regard to longitudinal groove section
Length L: 170 mm
Constituent material: bipolar plate obtained by com-
pacting 80% by mass of graphite and 20% by mass
of polypropylene as matrix resin

• Electrode

[0061]

Dimensions: length 170 mm, width 150 mm, thick-
ness 0.5 mm
Constituent material: carbon felt containing carbon
fiber and binder carbon GDL10AA available from
SGL CARBON JAPAN Co., Ltd.

• Membrane

[0062] Constituent material: Nafion (registered trade-
mark) 212 available from E. I. du Pont de Nemours and
Company

• Electrolyte

[0063]

Composition: aqueous V sulfate solution (V concen-
tration: 1.7 mol/L, sulfuric acid concentration: 4.3
mol/L)
Flow rate: 300 mL/min

[0064] Figure 7 shows a graph of a cell resistance (nor-
malized on the assumption that the cell resistance when
a step H is 0 mm is 1) when the step H formed on each
ridge section of the bipolar plate (uneven portion: maxi-
mum difference in height) was changed. In Fig. 7, the
horizontal axis represents the step H (mm), and the ver-
tical axis represents the normalized cell resistance. Re-
ferring to Fig. 7, as compared with a cell resistance Rs
when the step H was 0.01 mm, a ratio of decrease in a
cell resistance Rx ((Rs - Rx)/Rs) was as follows when
the step H was changed. The ratio of decrease was about
2% when the step H was 0.1 mm, the ratio of decrease
was about 4% when the step H was 0.2 mm, the ratio of
decrease was about 6% when the step H was 0.3 mm,
the ratio of decrease was about 7% when the step H was
0.4 mm, and the ratio of decrease was about 9% when
the step H was 0.5 mm. Specifically, the results show

that with an increase in the step H, the cell resistance is
decreased, and the electrolyte has good diffusibility.
However, if the step H is excessively large, a gap is
formed between the bipolar plate and the positive elec-
trode or between the bipolar plate and the negative elec-
trode, it is difficult for the electrolyte that flows so as to
traverse between adjacent groove sections over a ridge
section to diffuse into the electrodes, and the electrolyte
may remain in an unreacted state. In addition, when the
step H is increased and the gap between the bipolar plate
and the positive electrode or between the bipolar plate
and the negative electrode is increased, the compression
ratio decreases, which may result in a problem of an in-
crease in the contact resistance between the bipolar plate
and the positive electrode or between the bipolar plate
and the negative electrode. Accordingly, the step H is
preferably 0.5 mm or less.
[0065] The present invention is not limited to the ex-
amples. The scope of the present invention is defined by
the appended claims and is intended to include all mod-
ifications within the meaning and scope equivalent to
those of the claims. For example, specifications of the
groove sections (such as the sizes, shapes, and numbers
of the lateral groove sections and the longitudinal groove
sections) of the bipolar plate, the type of electrolyte, and
the like may be changed.

Reference Signs List

[0066]

100 redox flow battery (RF battery)
100C battery cell
101 membrane
102 positive electrode cell 103 negative electrode
cell
104 positive electrode 105 negative electrode
106 positive electrode tank 107 negative electrode
tank
108 to 111 pipe
112, 113 pump
200 cell stack 201 end plate 202 connecting member
120 cell frame 121 bipolar plate 122 frame body
123, 124 liquid supply hole 125, 126 liquid drainage
hole
127 sealing member
1, 2, 3 bipolar plate
10 groove section

12 introduction groove section 12i introduction
port
12x introduction lateral groove section 12y in-
troduction longitudinal groove section
14 discharge groove section 14o discharge port
14x discharge lateral groove section 14y dis-
charge longitudinal groove section

20 ridge section 22 uneven portion 22h high portion
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22p low portion

Claims

1. A bipolar plate for a battery, the bipolar plate having
a surface on which a positive electrode is to be dis-
posed and another surface on which a negative elec-
trode is to be disposed,
wherein at least one of the surfaces of the bipolar
plate is provided with a plurality of groove sections
through which an electrolyte flows and a ridge sec-
tion located between the groove sections that are
adjacent to each other,
the groove sections include an introduction groove
section and a discharge groove section that are not
in communication with each other,
the ridge section includes an uneven portion config-
ured to suppress sliding of the positive electrode or
the negative electrode in a direction in which the ad-
jacent groove sections are arranged in parallel,
the uneven portion includes a rough surface provid-
ed on at least a part of a surface of the ridge section,
and
the rough surface has a surface roughness of 0.1
mm or more and 10 mm or less in terms of arithmetical
mean roughness Ra.

2. A bipolar plate for a battery, the bipolar plate having
a surface on which a positive electrode is to be dis-
posed and another surface on which a negative elec-
trode is to be disposed,
wherein at least one of the surfaces of the bipolar
plate is provided with a plurality of groove sections
through which an electrolyte flows and a ridge sec-
tion located between the groove sections that are
adjacent to each other,
the groove sections include an introduction groove
section and a discharge groove section that are not
in communication with each other,
the ridge section includes an uneven portion config-
ured to suppress sliding of the positive electrode or
the negative electrode in a direction in which the ad-
jacent groove sections are arranged in parallel,
the uneven portion includes a step provided so as
to have a difference in height in the direction in which
the adjacent groove sections are arranged in paral-
lel, and
the step has a maximum difference in height of 0.1
mm or more and 0.5 mm or less.

3. A bipolar plate for a battery, the bipolar plate having
a surface on which a positive electrode is to be dis-
posed and another surface on which a negative elec-
trode is to be disposed,
wherein at least one of the surfaces of the bipolar
plate is provided with a plurality of groove sections
through which an electrolyte flows and a ridge sec-

tion located between the groove sections that are
adjacent to each other,
the groove sections include an introduction groove
section and a discharge groove section that are not
in communication with each other,
the ridge section includes an uneven portion config-
ured to suppress sliding of the positive electrode or
the negative electrode in a direction in which the ad-
jacent groove sections are arranged in parallel,
the uneven portion includes an inclined surface that
inclines from one groove section side toward the oth-
er groove section side of the adjacent groove sec-
tions, and
the inclined surface has a difference in height of 0.1
mm or more and 0.5 mm or less.

4. The bipolar plate according to any one of Claims 1
to 3, wherein the introduction groove section and the
discharge groove section satisfy any one of (A) to
(C) below:

(A) the introduction groove section and the dis-
charge groove section each include a comb-
tooth-shaped region to form an interdigitated,
opposed comb-tooth shape in which the comb
teeth are disposed to face each other in an in-
terdigitated manner;
(B) the introduction groove section and the dis-
charge groove section each include a comb-
tooth-shaped region to form a non-interdigitat-
ed, opposed comb-tooth shape in which the
comb teeth are not interdigitated with each oth-
er; and
(C) at least one of the introduction groove sec-
tion and the discharge groove section is formed
by a plurality of discontinuous groove sections.

5. A cell frame comprising the bipolar plate according
to any one of Claims 1 to 4 and a frame body dis-
posed on an outer periphery of the bipolar plate.

6. A cell stack obtained by stacking the cell frame ac-
cording to Claim 5, a positive electrode, a mem-
brane, and a negative electrode a plurality of times.

7. A redox flow battery comprising the cell stack ac-
cording to Claim 6.
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