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Description

TECHNICAL FIELD

[0001] The present invention relates to a frame body
used for a cell of a redox flow battery, a cell frame for a
redox flow battery, and a redox flow battery. In particular,
the present invention relates to a frame body of a cell for
a redox flow battery, that can improve heat dissipation
of an electrolyte in a slit provided in the frame body and
can suppress rise of the temperature of the electrolyte.

BACKGROUND ART

[0002] As one large-capacity storage battery, a redox
flow battery (hereafter also referred to as an "RF battery")
is known (see patent documents 1 and 2). Referred to
as applications of the redox flow battery are load leveling,
as well as momentary drop compensation and backup
power supply, and smoothing an output of natural energy
such as solar power generation, wind power generation
and the like whose massive introduction is prompted.
[0003] An RF battery is a battery which performs charg-
ing and discharging using as a positive electrode elec-
trolyte and a negative electrode electrolyte an electrolyte
containing a metal ion (an active material) having a va-
lence varying by oxidation-reduction. Fig. 10 shows a
principle of an operation of a vanadium-based RF battery
300 which uses as a positive electrode electrolyte and a
negative electrode electrolyte a vanadium electrolyte
containing a V ion serving as an active material. In Fig.
10 a solid line arrow and a broken line arrow in a battery
cell 100 indicate a charging reaction and a discharging
reaction, respectively.
[0004] RF battery 300 includes cell 100 separated into
a positive electrode cell 102 and a negative electrode
cell 103 by an ion exchange film 101 which permeates
hydrogen ions. Positive electrode cell 102 has a positive
electrode 104 incorporated therein, and a tank 106 pro-
vided for the positive electrode electrolyte and storing
the positive electrode electrolyte is connected via con-
duits 108, 110 to positive electrode cell 102. Negative
electrode cell 103 has a negative electrode 105 incorpo-
rated therein, and a tank 107 provided for the negative
electrode electrolyte and storing the negative electrode
electrolyte is connected via conduits 109, 111 to negative
electrode cell 103. And by pumps 112, 113, the electro-
lyte stored in each tank 106, 107 is circulated and thus
passed through cell 100 (positive electrode cell 102 and
negative electrode cell 103) to perform charging and dis-
charging.
[0005] In RF battery 300, normally, a configuration in-
cluding a cell stack having a plurality of cells 100 stacked
in layers is utilized. Fig. 11 is a schematic configuration
diagram of a cell stack. A cell stack 10S illustrated in Fig.
11 is formed such that it is composed of a cell frame 20
including a frame body 22 in the form of a rectangular
frame and a bipolar plate 21 provided inside frame body

22, positive electrode 104, ion exchange membrane 101,
and negative electrode 105, each stacked in a plurality
of layers, and this stack is sandwiched and thus clamped
by two end plates 250. Frame body 22 has an opening
formed thereinside, and cell frame 20 is configured such
that bipolar plate 21 is fitted in the opening of frame body
22. Cell frame 20 has a recess (a chamber) 24 formed
inside frame body 22 by an inner peripheral surface of
frame body 22 and a surface of bipolar plate 21, and
positive electrode 104 is disposed at one surface side of
bipolar plate 21 and negative electrode 105 is disposed
at the other surface side of bipolar plate 21. In chamber
24 formed inside frame body 22, electrodes (positive
electrode 104 or negative electrode 105) are accommo-
dated, and an internal space of chamber 24 surrounded
by bipolar plate 21, frame body 22, and ion exchange
membrane 101 configures a cell (a positive electrode cell
or a negative electrode cell). In the above cell stack 10S,
as shown in Fig. 11, a single cell (a unit cell) 100 will be
formed by disposing a pair of positive and negative elec-
trodes 104, 105 between adjacent cell frames 20 with ion
exchange membrane 101 interposed between the elec-
trodes.
[0006] In cell stack 10S, an electrolyte is passed by a
manifold 200 formed in and penetrating frame body 22,
and a slit 210 formed on a surface of frame body 22 and
providing connection between manifold 200 and cham-
ber 24. In cell stack 10S illustrated in Fig. 11, the positive
electrode electrolyte is supplied from a liquid supply man-
ifold 201 via a liquid supply slit 211 that is formed in one
surface side (corresponding to the front side of the sheet
of the drawing) of frame body 22 to chamber 24 having
positive electrode 104 accommodated therein, passes
through chamber 24, and is drained via a liquid drainage
slit 213 to a liquid drainage manifold 203. Similarly, the
negative electrode electrolyte is supplied from a liquid
supply manifold 202 via a liquid supply slit 212 that is
formed in the other surface side (corresponding to the
back side of the sheet of the drawing) of frame body 22
to the chamber having negative electrode 105 accom-
modated therein, and is drained via a liquid drainage slit
214 to a liquid drainage manifold 204. Between cell
frames 20, in order to suppress leakage of the electrolyte,
a looped seal member 50, such as an O ring and a flat
gasket, is disposed along an outer perimeter of frame
body 22.
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SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0008] In the RF battery, when the slit is filled with an
electrolyte in a charged state, a shunt current flows via
the electrolyte in the slit, and a loss by the shunt current
(a shunt current loss) is caused. This shunt current may
result in the electrolyte generating heat and having an
increased temperature. For example, when the RF bat-
tery stands by, the electrolyte stays in the slit, and ac-
cordingly, the temperature of the electrolyte within the
slit increases more easily than in an operation when the
electrolyte is passed. When the temperature of the elec-
trolyte is increased, a precipitate may be produced in the
electrolyte and there is a possibility of inviting reduction
in battery performance such as degradation of the elec-
trolyte. Furthermore, when the temperature of the elec-
trolyte is increased, its heat may soften and deform the
frame body and thus damage the frame body (or the cell
frame). Accordingly, in order to suppress rise of the tem-
perature of the electrolyte in the slit, there is a demand
for improved heat dissipation of the electrolyte.
[0009] A frame body used for a cell of an RF battery
as conventional generally has a slit having a substantially
square cross section. Conventionally, there has not been
a sufficient consideration done for a slit’s cross section
in view of improving heat dissipation of the electrolyte in
the slit.
[0010] The present invention has been made in view
of the above circumstances, and one object of the present
invention is to provide a frame body of a cell for a redox
flow battery, that can improve heat dissipation of an elec-
trolyte in a slit and can suppress rise of the temperature
of the electrolyte.

SOLUTION TO PROBLEM

[0011] A frame body according to one aspect of the
present invention is a frame body used for a cell of a
redox flow battery, comprising: an opening formed inside
the frame body; a manifold through which an electrolyte
circulates; and a slit connected between the opening and
the manifold, the slit forming a channel for the electrolyte
between the opening and the manifold. The slit has a pair
of sidewalls which are oppositely disposed in a cross
section orthogonal to a direction in which the electrolyte
circulates, and the slit has, in a portion along a depthwise
direction of the slit, a width narrowing portion at which a
space between the sidewalls narrows along the depth-
wise direction of the slit.
[0012] A cell frame for a redox flow battery according
to one aspect of the present invention comprises: a frame
body according to one aspect of the present invention as
described above; and a bipolar plate fitted in the opening
of the frame body, the frame body and the bipolar plate
forming a chamber inside the frame body.
[0013] A redox flow battery according to one aspect of

the present invention comprises a cell frame for a redox
flow battery according to one aspect of the present in-
vention as described above.

ADVANTAGEOUS EFFECT OF INVENTION

[0014] The above frame body can improve heat dissi-
pation of an electrolyte in a slit and can suppress rise of
the temperature of the electrolyte. The above cell frame
for a redox flow battery, and the redox flow battery can
improve heat dissipation of an electrolyte in a slit provided
in a frame body configuring a cell and can suppress rise
of the temperature of the electrolyte.

BRIEF DESCRIPTION OF DRAWINGS

[0015]

Fig. 1 is a schematic front view of a frame body ac-
cording to a first embodiment.
Fig. 2 is a schematic front view of a cell frame includ-
ing the frame body according to the first embodiment.
Fig. 3 is a schematic cross section showing a cross
sectional shape of a slit in the frame body according
to the first embodiment.
Fig. 4 is a schematic cross section showing a cross
sectional shape of a slit in a frame body according
to a second embodiment.
Fig. 5 is a schematic cross section showing a cross
sectional shape of a slit in a frame body according
to a third embodiment.
Fig. 6 is a schematic cross section showing a cross
sectional shape of a slit in a frame body according
to a fourth embodiment.
Fig. 7 is a schematic cross section showing a cross
sectional shape of a slit in a frame body according
to a fifth embodiment.
Fig. 8(a) is a schematic cross section showing a
cross sectional shape of a slit in an exemplary vari-
ation.
Fig. 8(b) is a schematic cross section showing a
cross sectional shape of a slit in another exemplary
variation.
Fig. 8(c) is a schematic cross section showing a
cross sectional shape of a slit in still another exem-
plary variation.
Fig. 9 is a schematic cross section showing a cross
sectional shape of a slit in another exemplary varia-
tion.
Fig. 10 shows a principle of operation of a redox flow
battery.
Fig. 11 is a schematic configuration diagram of a cell
stack.
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DESCRIPTION OF EMBODIMENTS

[Description of Embodiments of the Present Invention]

[0016] In order to suppress precipitation of an electro-
lyte component in a slit provided in a frame body, the
present inventors have examined a cross sectional
shape of a slit that can improve heat dissipation of an
electrolyte in the slit to suppress rise of the temperature
of the electrolyte. "A cross sectional shape of a slit"
means a shape of a cross section orthogonal to a direc-
tion in which an electrolyte flows, and is represented in
that cross section as a closed region surrounded by a
wall surface and an opening portion configuring the slit.
In the following description, unless otherwise specified,
"a cross section of a slit" means a cross section orthog-
onal to a direction in which an electrolyte flows.
[0017] When a shunt current causes heat generation
and the temperature of the electrolyte in the slit has in-
creased, the electrolyte’s heat is dissipated from a wall
surface of the slit which the electrolyte contacts, and thus
cooled. Accordingly, in the slit at a portion in contact with
the wall surface of the slit, heat conduction decreases
the electrolyte’s temperature and a difference in temper-
ature causes a convection current of the electrolyte. If
this convection current can be promoted, it is believed
that heat transfer from the electrolyte to the slit’s wall
surface is promoted, and the electrolyte’s heat dissipa-
tion efficiency is improved. Accordingly, the present in-
ventors have studied a variety of types of cross sectional
shapes of a slit which can promote a convection current
of an electrolyte.
[0018] A cross sectional shape of a conventional slit
as conventional is substantially a square, as has been
described above, and it is a shape which has a bottom
wall parallel to a surface of a frame body and a pair of
sidewalls extending from the surface of the frame body
to the bottom wall in a vertical direction and facing each
other in parallel. That is, the conventional slit has side-
walls spaced from each other substantially uniformly
throughout the entirety of the slit’s depthwise direction,
and the sidewall and the bottom wall form a right angle
(90 degrees). The "slit’s depthwise direction" means, as
seen in a cross section orthogonal to a direction in which
an electrolyte flows, a direction perpendicular to the sur-
face of the frame body from the opening portion of the
slit toward the bottom thereof (that is, the frame body’s
thickness direction).
[0019] To promote a convection current of an electro-
lyte, the present inventors have considered providing a
slit having a cross sectional shape having a width nar-
rowing portion allowing the sidewalls to have a spacing
narrowed in the depthwise direction. This slit, in the width
narrowing portion, has at least one of the sidewalls in-
clined relative to the depthwise direction, and it is be-
lieved that when a convection current is caused in the
electrolyte in the slit, a convection current of the electro-
lyte which moves along the sidewall is promoted. Accord-

ingly, the slit having such a cross sectional shape pro-
motes the convection current of the electrolyte as com-
pared with the conventional slit having sidewalls parallel
to each other and also parallel to the depthwise direction
and it is thus believed that it can improve heat dissipation
of the electrolyte and hence suppress rise of the temper-
ature of the electrolyte.
[0020] The present inventors have completed the
present invention based on the above idea. Initially, em-
bodiments of the present invention will be enumerated
and described.

(1) A frame body according to one aspect of the
present invention is a frame body used for a cell of
a redox flow battery, comprising: an opening formed
inside the frame body; a manifold through which an
electrolyte circulates; and a slit connected between
the opening and the manifold, the slit forming a chan-
nel for the electrolyte between the opening and the
manifold. The slit has a pair of sidewalls which are
oppositely disposed in a cross section orthogonal to
a direction in which the electrolyte circulates, and
the slit has, in a portion along a depthwise direction
of the slit, a width narrowing portion at which a space
between the sidewalls narrows along the depthwise
direction of the slit.

[0021] According to the above frame body, the slit, as
seen in a cross section, has, at at least a portion thereof
in its depthwise direction, a width narrowing portion al-
lowing the sidewalls to have a spacing narrowed in the
depthwise direction, and a convection current of the elec-
trolyte is promoted. Specifically, in the width narrowing
portion, at least one of the sidewalls is inclined relative
to the depthwise direction, and a convection current of
the electrolyte which moves along the sidewall’s inclined
surface can be promoted. As a result, a heat dissipation
effect of the electrolyte by the convection current is im-
proved. Thus, heat dissipation of the electrolyte in the slit
can be better and rise of the temperature of the electrolyte
can be suppressed more, and hence precipitation of an
electrolyte component can be suppressed more than
conventional. Furthermore, softening and deformation of
the frame body by the effect of the heat of the electrolyte
can be suppressed.
[0022] The "width narrowing portion" is a portion at
which sidewalls have a spacing continuously varying to
be gradually narrowed in the slit’s depthwise direction
(from the opening portion’s side to the bottom’s side). In
the width narrowing portion, at least one of the sidewalls
inclined relative to the depthwise direction suffices, and
one sidewall may be inclined relative to the depthwise
direction and the other sidewall may be along the depth-
wise direction or both sidewalls may be inclined relative
to the depthwise direction. Being "along the depthwise
direction" means being substantially parallel relative to
the depthwise direction (i.e., being perpendicular to the
surface of the frame body from the opening portion’s side
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toward the bottom’s side). Furthermore, the width nar-
rowing portion is only required to be provided at at least
a portion of the slit in the slit’s depthwise direction, and
the width narrowing portion may be formed at a portion
in the depthwise direction and the other portion(s) may
have the sidewalls spaced substantially uniformly. For
example, there may be a portion which has sidewalls
spaced substantially uniformly in a region from the open-
ing portion to an intermediate location in the depthwise
direction and thus has the same width as the opening
portion. Only a single width narrowing portion may be
provided or a plurality of width narrowing portions may
be provided. Preferably, the width narrowing portion is
formed throughout the entirety of the depthwise direction.

(2) As one aspect of the above frame body, the above
slit has a bottom wall and the bottom wall has a flat
surface parallel to the surface of the above frame
body.
According to the above aspect, as the bottom wall
has a flat surface parallel to the surface of the frame
body, the slit can have a perimeter longer than a
conventional slit having a square cross-sectional
shape having the same cross-sectional area as the
inventive slit. When the slit has a longer perimeter,
the slit will contact the electrolyte over an accordingly
increased area and heat transfer to the slit’s wall
surface from the electrolyte accordingly increases,
and a heat dissipation effect of the electrolyte by heat
conduction improves. This can further improve heat
dissipation of the electrolyte in the slit and can further
suppress rise of the temperature of the electrolyte.
A "perimeter of the slit" means the perimeter in a
cross section orthogonal to a direction in which the
electrolyte flows, and is represented as a total of a
perimeter of a wall surface configuring the slit (an
overall length of the sidewalls and the bottom wall)
and a width of the opening portion in that cross sec-
tion.
(3) As one aspect of the frame body described in the
above item (2), at least one of the above sidewalls
and the above bottom wall form an angle of 91 de-
grees or more and 120 degrees or less.
When a sidewall and a bottom wall form a right angle
(90 degrees), as a conventional slit having a square
cross-sectional shape has, a convection current
along a corner formed by the sidewall and the bottom
wall is difficult to arise, and it is difficult to promote
heat dissipation of the electrolyte by the convection
current near the corner. When the sidewall and the
bottom wall form an angle of 91 degrees or more,
the electrolyte is easily convected at the corner of
the sidewall and the bottom wall along an inclined
surface of the sidewall, and heat dissipation of the
electrolyte near the corner is thus promoted. When
the sidewall and the bottom wall form an angle of
120 degrees or less, for a fixed cross-section area
of the slit, the slit does not have an excessively long

perimeter, and an excessive increase of pressure
loss when the electrolyte passes can be suppressed.
The larger the slit’s cross-sectional area is, or the
shorter the slit’s perimeter is, the smaller a pressure
loss is, and for a given cross-sectional area, a shorter
perimeter allows a smaller pressure loss. When the
sidewall and the bottom wall form an angle of 120
degrees or less, the slit’s depth is not excessively
shallow and the slit is easily formed. The slit is for
example formed simultaneously with forming the
frame body by injection molding or formed by cutting.
Furthermore, when the sidewall and the bottom wall
form an angle of 120 degrees or less, the slit has an
opening portion with a width which is not excessively
large, and the frame body can be reduced in width
and thus miniaturized. Preferably, the sidewall and
the bottom wall form an angle for example of 95 de-
grees or more and 110 degrees or less.
(4) As one aspect of the frame body described in the
above item (2) or (3), at least one of the above side-
walls and the above bottom wall form a corner having
a curved surface.
When the sidewalls and the bottom wall form a corner
having a curved surface, the electrolyte is easily con-
vected along the corner, and heat dissipation of the
electrolyte near the corner is thus promoted. For ex-
ample the corner has a radius of curvature of 0.1 mm
or more and 10 mm or less, and furthermore, 0.2 mm
or more and 5.0 mm or less.
(5) As one aspect of the above frame body, in the
above width narrowing portion, at least one of the
sidewalls has an inclined surface which inclines rel-
ative to the depthwise direction, and the above in-
clined surface is a flat surface.
As the width narrowing portion has a sidewall having
a flat inclined surface, the slit is easily formed with
precision when it is formed by cutting or the like.
(6) As one aspect of the above frame body, in the
above width narrowing portion, at least one of the
sidewalls has an inclined surface which inclines rel-
ative to the depthwise direction, and the above in-
clined surface is a curved surface.
As the width narrowing portion has a sidewall having
a curved inclined surface, a convection current of
the electrolyte which moves along the inclined sur-
face is more easily promoted and heat dissipation
efficiency of the electrolyte by the convection current
is further improved.
(7) As one aspect of the above frame body, the above
slit has a bottom wall and the bottom wall has a
curved surface projecting in the slit’s depthwise di-
rection.
According to the above aspect, the bottom wall has
a curved surface projecting in the slit’s depthwise
direction, and the electrolyte is thus easily convected
along the curved surface of the bottom wall and heat
dissipation of the electrolyte near the bottom wall is
thus promoted.
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(8) As one aspect of the frame body described in the
above item (7), an overall surface of the above side-
walls and the above bottom wall is formed in a curved
surface.
As an overall surface of the sidewalls and the bottom
wall is formed in a curved surface, i.e., the slit has a
wall surface entirely formed in a curved surface, the
electrolyte is easily convected along the slit’s wall
surface (the sidewalls and the bottom wall) and heat
dissipation efficiency of the electrolyte by the con-
vection current is further improved.
(9) As one aspect of the above frame body, a spacing
between the above sidewalls at any position in the
above slit’s depthwise direction is equivalent to or
less than a spacing between the sidewalls closer to
the opening portion’s side than that position.
According to the above aspect, the sidewalls have
a spacing being equal to or smaller than a width of
the opening portion throughout the entirety of the
slit’s depthwise direction and also being the widest
at the opening portion and the narrowest at the bot-
tom. As the sidewalls have a spacing narrowed from
the opening portion toward the bottom and there is
no portion widened at an intermediate portion in the
depthwise direction, which facilitates forming the slit.
For example, a spacing between the sidewalls at a
position at a half of the depth of the slit from the
bottom is narrower than the opening portion, or a
spacing between the sidewalls at a portion closer to
the bottom’s side than a position at one fourth of the
depth of the slit from the bottom is gradually nar-
rowed.
(10) A cell frame for a redox flow battery according
to one aspect of the present invention comprises:
the frame body according to any one of items (1) to
(9); and a bipolar plate fitted in the opening of the
frame body, the frame body and the bipolar plate
forming a chamber inside the frame body.
According to the above cell frame, as the above
frame body according to one aspect of the present
invention is included, in a frame body configuring a
cell of a redox flow battery, heat dissipation of an
electrolyte in a slit can be improved and rise of the
temperature of the electrolyte can be suppressed.
Thus, precipitation of an electrolyte component can
be suppressed and softening and deformation of the
frame body by the effect of the heat of the electrolyte
can be suppressed.
(11) A redox flow battery according to one aspect of
the present invention comprises a cell frame for a
redox flow battery according to the above item (10).

[0023] According to the above redox flow battery, as
the above cell frame according to one aspect of the
present invention is included, in a frame body configuring
a cell, heat dissipation of an electrolyte in a slit can be
improved and rise of the temperature of the electrolyte
can be suppressed. Thus, precipitation of an electrolyte

component can be suppressed and softening and defor-
mation of the frame body by the effect of the heat of the
electrolyte can be suppressed.

[Detailed Description of Embodiments of the Present In-
vention]

[0024] A specific example of a frame body and a cell
frame for a redox flow battery according to an embodi-
ment of the present invention will now be described here-
after with reference to the drawings. In the figures, iden-
tical reference characters denote identical or corre-
sponding components. Note that the present invention
is not limited to these examples, and is intended to in-
clude any modifications within the meaning and scope
indicated by and equivalent to the terms of the claims.

[First Embodiment]

<Frame Body>

[0025] With reference to Fig. 1 to Fig. 3, a frame body
and a cell frame according to a first embodiment will be
described. Fig. 1 illustrates a frame body 22 which is in
the form of a rectangular frame having a pair of long piec-
es 22L opposite to each other and a pair of short pieces
22S which connect the ends of long pieces 22L, and an
opening 22o is formed inside the frame body. A bipolar
plate 21 which will be described later is fitted in this open-
ing 22o. Frame body 22 is formed for example of vinyl
chloride resin, polypropylene, polyethylene, fluoro-resin,
epoxy resin or other similar plastics or rubbers, or the like.
[0026] Frame body 22 includes a manifold 200 (man-
ifolds 201-204) which penetrates the front and back sides
of the frame body and passes an electrolyte, and a slit
210 (slits 211-214) which is formed on a surface of the
frame body and forms a channel between manifold 200
and opening 22o for the electrolyte. Manifold 200 and slit
210 can for example be formed simultaneously with form-
ing frame body 22 by injection molding.

(Manifold and Slit)

[0027] Manifolds 201, 202 are formed in frame body
22 at one long piece 22L (in Fig. 1, a lower long piece),
and manifolds 203, 204 are formed in frame body 22 at
the other long piece 22L (in Fig. 1, an upper long piece).
Slits 211, 213 are formed on frame body 22 at one surface
side and slits 212, 214 are formed on frame body 22 at
the other surface side. Slits 211-214 have their respective
one ends connected to manifolds 201-204, respectively,
and the other ends connected to opening 22o, and slits
211-214 connect manifolds 201-204,respectively, and
opening 22o formed inside frame body 22.

<Cell Frame>

[0028] With reference to Fig. 2, a cell frame including

9 10 
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the frame body according to the first embodiment shown
in Fig. 1 will be described. A cell frame 20 illustrated in
Fig. 2 includes frame body 22 and bipolar plate 21 fitted
in opening 22o (see Fig. 1) of frame body 22. Cell frame
20 has frame body 22 formed to sandwich a peripheral
edge portion of bipolar plate 21 from the front and back
sides and frame body 22 is integrated with an outer pe-
riphery of bipolar plate 21 by injection molding or the like.
By fitting bipolar plate 21 in opening 22o of frame body
22, a recess (a chamber 24) is formed by frame body 22
and bipolar plate 21. Specifically, cell frame 20 has cham-
ber 24 formed inside frame body 22 by an inner peripheral
surface of frame body 22 and a surface of bipolar plate
21 to accommodate an electrode (not shown). In Fig. 2,
only chamber 24 on one surface side (the front side of
the sheet of the figure) of cell frame 20 is shown, however,
a chamber is also formed on the other surface side (the
back side of the sheet of the figure) of cell frame 20. A
positive electrode is accommodated in the chamber on
one surface side of cell frame 20 and a negative electrode
is accommodated in the chamber on the other surface
side of cell frame 20, and the positive electrode is dis-
posed on one surface side of bipolar plate 21 and the
negative electrode is disposed on the other surface side
of bipolar plate 21 (see Fig. 11). Bipolar plate 21 can be
formed of plastic carbon.
[0029] For cell frame 20 (frame body 22) illustrated in
Fig. 2, manifolds 201 and 203 are a liquid supply manifold
and a liquid drainage manifold for a positive electrode
electrolyte, and slits 211 and 213 are a liquid supply slit
and a liquid drainage slit for the positive electrode elec-
trolyte. Manifolds 202 and 204 are a liquid supply mani-
fold and a liquid drainage manifold for a negative elec-
trode electrolyte, and slits 212 and 214 are a liquid supply
slit and a liquid drainage slit for the negative electrode
electrolyte. Liquid supply slits 211, 212 extending from
liquid supply manifolds 201, 202 are connected to a lower
edge portion of chamber 24 (opening 22o (see Fig. 1)),
and liquid drainage slits 213, 214 extending from liquid
drainage manifolds 203, 204 are connected to an upper
edge portion of chamber 24 (opening 22o). That is, the
electrolyte is introduced into chamber 24 from a lower
side of chamber 24, and the electrolyte is drained from
an upper side of chamber 24. A flow adjustment portion
(not shown) is formed at the lower and upper edge por-
tions of chamber 24 therealong. The flow adjustment por-
tion has a function which diffuses the electrolyte intro-
duced from liquid supply slits 211, 212, along the lower
edge portion of chamber 24, and collects the electrolyte
drained from the upper edge portion of chamber 24, to
liquid drainage slits 213, 214. By this flow adjustment
portion, the electrolyte passes from the lower edge por-
tion of chamber 24 through the interior of chamber 24
toward the upper edge portion of chamber 24.
[0030] The positive and negative electrolytes can be a
known electrolyte. For example, referred to as the posi-
tive and negative electrolytes are a V based electrolyte
which contains V ion as an active material for the positive

electrode and the negative electrode, a combination of
an Fe/Cr based electrolyte which contains Fe ion as a
positive electrode active material and Cr ion as a negative
electrode active material, a Ti/Mn based electrolyte which
contains Mn ion as a positive electrode active material
and Ti ion as a negative electrode active material, and
the like.

(Protective Plate)

[0031] On cell frame 20, at a portion of frame body 22
where slits 211-214 are formed, a protective plate 40
made of plastic and protecting an ion exchange mem-
brane (see Fig. 11) may be disposed. Protective plate 40
is disposed on a surface of long piece 22L of frame body
22 to cover each slit 211-214, and each protective plate
40 has a throughhole or a notch formed at a position
corresponding to each manifold 201-204. In the case of
protective plate 40 illustrated in Fig. 2, for protective plate
40 disposed at one surface side of frame body 22 at which
slits 211, 213 for the positive electrode electrolyte are
formed, a circular throughhole is formed for manifolds
201, 203 for the positive electrode electrolyte, whereas
a rectangular notch is formed for manifolds 202, 204 for
the negative electrode electrolyte. In contrast, for protec-
tive plate 40 disposed at the other surface side of frame
body 22 at which slits 212, 214 for the negative electrode
electrolyte are formed, a rectangular notch is formed for
manifolds 201, 203 for the positive electrode electrolyte,
whereas a circular throughhole is formed for manifolds
202, 204 for the negative electrode electrolyte. By this
protective plate 40, when a cell of a redox flow battery
(see Fig. 11) is configured using cell frame 20, each slit
211-214 does not contact the ion exchange membrane,
and the ion exchange membrane can be prevented from
being damaged by the irregularity of the slit. In Fig. 2,
only protective plate 40 which covers slits 211, 213
formed at one surface side of frame body 22 is shown,
however, there is also a protective plate disposed at the
other surface side of frame body 22 to cover slits 212,
214.

(Cross Sectional Shape of Slit)

[0032] Fig. 3 shows a cross sectional shape of slit 210
on the frame body (or cell frame) according to the first
embodiment. Slit 210 has a pair of sidewalls 31 facing
each other in a cross section orthogonal to a direction in
which the electrolyte flows, and slit 210 has, at at least
a portion thereof in its depthwise direction, a width nar-
rowing portion 310 allowing sidewalls 31 to have a spac-
ing narrowed in the depthwise direction. Hereinafter, a
cross sectional shape of slit 210 of the first embodiment
will more specifically be described.
[0033] Slit 210 of the first embodiment has a bottom
wall 32 which connects the pair of sidewalls 31 at their
lower ends (or the bottom’s side). Bottom wall 32 has a
flat surface parallel to a surface of frame body 22. The
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pair of sidewalls 31 are inclined relative to the depthwise
direction and have a spacing gradually narrowed in the
depthwise direction (from an opening portion 33 to bot-
tom wall 32). Each sidewall 31 has an entire surface in-
clined from opening portion 33 to bottom wall 32, and the
inclined surface is a flat surface. Sidewalls 31 (or the
inclined surfaces) relative to the depthwise direction have
substantially equal inclination angles β. Accordingly, slit
210 of the first embodiment has width narrowing portion
310 formed throughout the entirety of the depthwise di-
rection, and has a cross sectional shape in the form of a
trapezoid (more specifically, an isogonal trapezoid) with
opening portion 33 serving as a longer side and bottom
wall 32 serving as a shorter side.
[0034] This slit 210 is such that a spacing between
sidewalls 31 at any position in the depthwise direction is
equivalent to or less than a spacing between sidewalls
31 closer to opening portion 33 than that position. In other
words, sidewalls 31 have a spacing being equal to or
smaller than a width of opening portion 33 throughout
the entirety of the depthwise direction and also being the
widest at opening portion 33 and the narrowest at bottom
wall 32.
[0035] In slit 210, sidewall 31 and bottom wall 32 form
an angle α of more than 90 degrees and less than 180
degrees, for example 91 degrees or more and 120 de-
grees or less, preferably 95 degrees or more and 110
degrees or less. Inclination angle β of sidewall 31 (the
inclined surface) relative to the depthwise direction is for
example 1 degrees or more and 45 degrees or less, and
furthermore, 30 degrees or less, preferably 5 degrees or
more and 20 degrees or less. Opening portion 33 has
width w for example of 0.1 mm or more, in particular 0.5
mm or more and 20 mm or less, furthermore, 1.0 mm or
more and 8.0 mm or less. A depth h (a length in the
depthwise direction from opening portion 33 to bottom
wall 32) is for example 0.1 mm or more, in particular 0.5
mm or more and 10 mm or less, and furthermore, 1.0
mm or more and 5.0 mm or less.

(Function and Effect)

[0036] Frame body 22 (cell frame 20) according to the
first embodiment has width narrowing portion 310 at at
least a portion of slit 210 in its depthwise direction, and
can promote a convection current of the electrolyte which
moves along the inclined surface of sidewall 31. As heat
dissipation efficiency of the electrolyte by the convection
current improves, and heat dissipation of the electrolyte
in the slit can be improved and rise of the temperature
of the electrolyte can be suppressed. As a consequence,
precipitation of an electrolyte component can be sup-
pressed. In particular, sidewall 31 is inclined relative to
the depthwise direction and has the entire surface in-
clined and width narrowing portion 310 formed through-
out the entirety of the depthwise direction, so that the
electrolyte is easily convected along sidewall 31 and a
high effect of heat dissipation of the electrolyte by the

convection current is achieved. Furthermore, as angle α
formed by sidewall 31 and bottom wall 32 is 91 degrees
or more 120 degrees or less, the electrolyte is easily con-
vected at corner 34 along the inclined surface of sidewall
31, and heat dissipation from the electrolyte near corner
34 can thus be promoted.
[0037] Slit 210 of the first embodiment has a cross sec-
tional shape in the form of a trapezoid (more specifically,
an isogonal trapezoid) and can have a perimeter longer
than a conventional slit having a square cross-sectional
shape having the same cross-sectional area. According-
ly, the slit contacts the electrolyte over an increased area
and heat dissipation efficiency of the electrolyte by heat
conduction improves.
[0038] Furthermore, as sidewalls 31 have a spacing
narrowed from opening portion 33 toward bottom wall
32, there is no portion widened at an intermediate portion
in the depthwise direction, which facilitates forming slit
210.

Exemplary Variation

[0039] In the first embodiment, slit 210 has an isogonal
trapezoidal cross sectional shape, and a pair of sidewalls
31 configuring width narrowing portion 310 are mutually
inclined relative to the depthwise direction and have a
spacing gradually narrowed in the depthwise direction.
As an exemplary variation of the first embodiment, the
pair of sidewalls 31 may have one sidewall 31 inclined
relative to the depthwise direction and the other sidewall
31 being along the depthwise direction. Furthermore,
each sidewall 31 has different inclination angle β.
[0040] Then, based on Fig. 4 to Fig. 7, other examples
of slit 210 in cross section will be described. Hereinafter,
slit 210 will be described such that a configuration similar
to the above described first embodiment is identically de-
noted and will not be described and a point different from
the first embodiment will mainly be described.

[Second Embodiment]

[0041] Fig. 4 shows a second embodiment, which pro-
vides sidewalls 31 and bottom wall 32 forming a corner
34 having a curved surface.
[0042] As slit 210 of the second embodiment has cor-
ner 34 formed in a curved surface, the electrolyte is easily
convected along corner 34, and heat dissipation of the
electrolyte near corner 34 is thus promoted. Corner 34
has a radius of curvature r for example of 0.1 mm or more
and 10 mm or less, and furthermore, 0.2 mm or more
and 5.0 mm or less.

[Third Embodiment]

[0043] Fig. 5 shows a third embodiment, in which width
narrowing portion 310 is composed of sidewall 31 having
an inclined surface which is a curved surface.
[0044] As slit 210 of the third embodiment has sidewall
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31 having an inclined surface which is a curved surface,
a convection current of the electrolyte which moves along
the inclined surface can further be promoted and heat
dissipation efficiency of the electrolyte by the convection
current is further improved. The curved surface is pro-
vided for example in the form of an arc, an elliptical arc,
or the like.

[Fourth Embodiment]

[0045] Fig. 6 shows a fourth embodiment, in which bot-
tom wall 32 has a curved surface projecting in the dep-
thwise direction.
[0046] As slit 210 of the fourth embodiment has bottom
wall 32 having a curved surface, the electrolyte is easily
convected along the curved surface of bottom wall 32
and heat dissipation of the electrolyte near bottom wall
32 is thus promoted.

[Fifth Embodiment]

[0047] Fig. 7 shows a fifth embodiment, in which the
overall surface of sidewalls 31 and bottom wall 32 is
formed in a curved surface.
[0048] As the overall surface of sidewalls 31 and bot-
tom wall 32 is formed in a curved surface, i.e., the slit
210 has a wall surface entirely formed in a curved sur-
face, so that the electrolyte is easily convected along the
wall surface (sidewalls 31 and bottom wall 32) and heat
dissipation efficiency of the electrolyte by the convection
current is further improved. Slit 210 has a cross sectional
shape for example in a semi-circle, a semi-ellipse or the
like, and slit 210 shown in Fig. 7 is semi-elliptical.

(Others)

[0049] While in the above described embodiments is
described an aspect which has bottom wall 32, an aspect
which does not have a bottom wall may be applicable,
e.g., the slit may have a cross sectional shape in the form
of a triangle with a bottom serving as a vertex and opening
portion 33 serving as a base (as a specific example, an
isosceles triangle).
[0050] While in the above embodiment an aspect has
been described which has sidewall 31 having the entire
surface inclined and thus has width narrowing portion
310 throughout the entirety of the depthwise direction,
sidewall 31 may partially have an inclined surface, and
a portion in the depthwise direction may be provided with
width narrowing portion 310 and the other portion(s) may
have sidewalls 31 spaced substantially uniformly. For ex-
ample, as shown in Fig. 8(a), sidewall 31 has an upper
end (a side closer to opening portion 33) inclined and
width narrowing portion 310 is provided closer to opening
portion 33, and as shown in Fig. 8(b), sidewall 31 has a
lower end (a side closer to bottom wall 32) inclined and
width narrowing portion 310 is provided closer to bottom
wall 32. In the case of Fig. 8(a), a spacing of sidewalls

31 is fixed at a portion closer to bottom wall 32 than width
narrowing portion 310, and in the case of Fig. 8(b), a
portion from opening portion 33 to width narrowing por-
tion 310 has sidewalls 31 having a spacing therebetween
equivalent to a width of opening portion 33. Furthermore,
as shown in Fig. 8(c), sidewall 31 may have a center
inclined and width narrowing portion 310 may be formed
at an intermediate portion in the depthwise direction.
[0051] Furthermore, width narrowing portion may not
be a single width narrowing portion, and a plurality of
width narrowing portions 310 may be provided. For ex-
ample, as shown in Fig. 9, there is indicated an aspect
which has width narrowing portion 310 on the side of
opening portion 33 and the side of bottom wall 32. In that
case, sidewall 31 (an inclined surface) in each width nar-
rowing portion 310 may have an equal or different incli-
nation angle.
[0052] Hereinafter will be described a redox flow bat-
tery including a cell frame according to the embodiments
described above. When the cell frame is applied to the
redox flow battery, it is utilized in a form of a cell stack
formed such that it is composed of a cell frame, a positive
electrode, an ion exchange membrane, and a negative
electrode, each stacked in a plurality of layers (see Fig.
11). And a configuration is referred to in which the redox
flow battery includes this cell stack.

INDUSTRIAL APPLICABILITY

[0053] The frame body and cell frame of the present
invention are suitably applicable to a component of a re-
dox flow battery.

REFERENCE SIGNS LIST

[0054]

100: cell

101: ion exchange membrane
102: positive electrode cell; 104: positive elec-
trode
103: negative electrode cell; 105: negative elec-
trode

106: tank for positive electrode electrolyte
108, 110: conduit; 112: pump
107: tank for negative electrode electrolyte
109, 111: conduit; 113: pump
20: cell frame

21: bipolar plate; 22: frame body
22L: long piece; 22S: short piece; 22o: opening
24: chamber
200: manifold

201, 202: liquid supply manifold
203, 204: liquid drainage manifold
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210: slit

211, 212: liquid supply slit
213, 214: liquid drainage slit

31: sidewall; 310: width narrowing portion
32: bottom wall
33: opening portion; 34: corner

40: protective plate
50: seal member
10S: cell stack

250: end plate

300: redox flow battery (RF battery)

Claims

1. A frame body (22) used for a cell of a redox flow
battery, comprising:

an opening (22o) formed inside the frame body
(22);
a manifold (200) through which an electrolyte
circulates; and
a slit (210) connected between the opening
(22o) and the manifold (200), the slit (210) form-
ing a channel for the electrolyte between the
opening (22o) and the manifold (200),
the slit (210) having a pair of sidewalls (31) which
are oppositely disposed in a cross section or-
thogonal to a direction in which the electrolyte
circulates, the slit (210) having, in a portion along
a depthwise direction of the slit (210), a width
narrowing portion (310) at which a space be-
tween the sidewalls (31) narrows along the dep-
thwise direction of the slit (210).

2. The frame body (22) according to claim 1, wherein:

the slit (210) has a bottom wall (32); and
the bottom wall (32) has a flat surface parallel
to a surface of the frame body (22).

3. The frame body (22) according to claim 2, wherein
at least one of the sidewalls (310) and the bottom
wall (32) form an angle of 91 degrees or more and
120 degrees or less.

4. The frame body (22) according to claim 2 or 3, where-
in at least one of the sidewalls (310) and the bottom
wall (32) form a corner (34) having a curved surface.

5. The frame body (22) according to any one of claims
1-4, wherein in the width narrowing portion (310), at
least one of the sidewalls (310) has an inclined sur-

face which inclines relative to the depthwise direc-
tion, and the inclined surface is a flat surface.

6. The frame body (22) according to any one of claims
1-4, wherein in the width narrowing portion (310), at
least one of the sidewalls (310) has an inclined sur-
face which inclines relative to the depthwise direc-
tion, and the inclined surface is a curved surface.

7. The frame body (22) according to claim 1, wherein:

the slit (210) has a bottom wall (32); and
the bottom wall (32) has a curved surface pro-
jecting in the slit’s (210) depthwise direction.

8. The frame body (22) according to claim 7, wherein
an overall surface of the sidewalls (310) and the bot-
tom wall (32) is formed in a curved surface.

9. The frame body (22) according to any one of claims
1-8, wherein a spacing between the sidewalls (310)
at any position in the slit’s (210) depthwise direction
is equivalent to or less than a spacing between the
sidewalls (310) closer to an opening (22o) portion’s
side than that position.

10. A cell frame (20) for a redox flow battery, comprising:

the frame body (22) according to any one of
claims 1-9; and
a bipolar plate (21) fitted in the opening (22o) of
the frame body (22),
the frame body (22) and the bipolar plate (21)
forming a chamber (24) inside the frame body
(22).

11. A redox flow battery comprising a cell frame (20) for
a redox flow battery according to claim 10.

Patentansprüche

1. Rahmenkörper (22) für eine Zelle einer Redox-Flow-
Batterie, der aufweist:

eine Öffnung (22o), die innerhalb des Rahmen-
körpers (22) ausgebildet ist;
eine Sammelleitung (200), durch die ein Elek-
trolyt zirkuliert; und
einen Schlitz (210), der zwischen der Öffnung
(22o) und der Sammelleitung (200) angeordnet
ist, wobei der Schlitz (210) einen Kanal für das
Elektrolyt zwischen der Öffnung (22o) und der
Sammelleitung (200) ausbildet,
der Schlitz (210) ein Paar Seitenwände (31) auf-
weist, die gegenüber voneinander in einem
Querschnitt orthogonal zu einer Richtung, in der
das Elektrolyt zirkuliert angeordnet ist, der
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Schlitz (210) in einem Teil davon entlang einer
Tiefenrichtung des Schlitzes (210) mit einem
Breitenverengungsabschnitt (310), an dem ein
Raum zwischen den Seitenwänden (31) sich
entlang der Tiefenrichtung des Schlitzes (210)
verengt.

2. Rahmenkörper (22) nach Anspruch 1, wobei:

der Schlitz (210) eine Bodenwand (32) hat; und
die Bodenwand (32) eine ebene Oberfläche pa-
rallel zu einer Oberfläche des Rahmenkörpers
(22) hat.

3. Rahmenkörper (22) nach Anspruch 2, wobei zumin-
dest eine der Seitenwände (310) und der Boden-
wand (32) einen Winkel von 91 Grad oder und 120
Grad oder weniger bilden.

4. Rahmenkörper (22) nach Anspruch 2 oder 3, wobei
zumindest eine der Seitenwände (310) und der Bo-
denwand (32) eine Ecke (34) mit einer gekrümmten
Oberfläche ausbilden.

5. Rahmenkörper (22) nach einem der Ansprüche 1 bis
4, wobei in dem Breitenverengungsabschnitt (310)
zumindest eine der Seitenwände (310) eine geneig-
te Oberfläche hat, die relativ zu der Tiefenrichtung
geneigt ist, die geneigte Oberfläche eine ebene
Oberfläche ist.

6. Rahmenkörper (22) nach einem der Ansprüche 1 bis
4, wobei in dem Breitenverengungsabschnitt (310)
zumindest eine der Seitenwände (310) eine geneig-
te Oberfläche hat, die relativ zu der Tiefenrichtung
geneigt ist, und die schräge Oberfläche eine ge-
krümmte Oberfläche ist.

7. Rahmenkörper (22) nach Anspruch 1, wobei:

der Schlitz (210) eine Bodenwand (32) hat; und
die Bodenwand (32) eine gekrümmte Oberflä-
che hat in einer Projektion in der Tiefenrichtung
des Schlitzes (210).

8. Rahmenkörper (22) nach Anspruch 7, wobei eine
Gesamtoberfläche der Seitenwände (310) und der
Bodenwand (32) in einer gekrümmten Oberfläche
ausgebildet ist.

9. Rahmenkörper (22) nach einem der Ansprüche 1 bis
8, wobei ein Raum zwischen den Seitenwänden
(310) an jeglicher Position in der Tiefenrichtung des
Schlitzes äquivalent zu oder weniger als ein Raum
ist zwischen den Seitenwänden (310) näher zu einer
Öffnungs- (22o) Abschnittsseite als diese Position.

10. Zellrahmen (20) für eine Redox-Flow-Batterie, der

aufweist:

den Rahmenkörper (22) nach einem der An-
sürüche 1 bis 9; und
eine Bipolarplatte (21), die in der Öffnung (22o)
des Rahmenkörpers (22) eingepasst ist,
wobei der Rahmenkörper (22) und die Bipolar-
platte (21) eine Kammer (24) innerhalb des Rah-
menkörpers (22) ausbilden.

11. Redox-Flow-Batterie, die einen Zellrahmen (20) für
eine Redox-Flow-Batterie nach Anspruch 10 auf-
weist.

Revendications

1. Corps de châssis (22) utilisé pour une pile d’une bat-
terie à flux rédox, comprenant :

une ouverture (22o) formée à l’intérieur du corps
de châssis (22) ;
un collecteur (200) à travers lequel un électrolyte
circule ; et
une fente (210) raccordée entre l’ouverture
(22o) et le collecteur (200), la fente (210) for-
mant un canal pour l’électrolyte entre l’ouverture
(22o) et le collecteur (200),
la fente (210) ayant une paire de parois latérales
(31) qui sont disposées de manière opposée
dans une section transversale, orthogonale à
une direction dans laquelle l’électrolyte circule,
la fente (210) ayant, dans une partie le long du
sens de la profondeur de la fente (210), une par-
tie de rétrécissement de largeur (310) au niveau
de laquelle un espace entre les parois latérales
(31) se rétrécit le long du sens de la profondeur
de la fente (210).

2. Corps de châssis (22) selon la revendication 1, dans
lequel :

la fente (210) a une paroi inférieure (32) ; et
la paroi inférieure (32) a une surface plate pa-
rallèle à une surface du corps de châssis (22).

3. Corps de châssis (22) selon la revendication 2, dans
lequel au moins l’une des parois latérales (310) et
la paroi inférieure (32) forment un angle de 91 degrés
ou plus et de 120 degrés ou moins.

4. Corps de châssis (22) selon la revendication 2 ou 3,
dans lequel au moins l’une des parois latérales (310)
et la paroi inférieure (32) forment un coin (34) ayant
une surface incurvée.

5. Corps de châssis (22) selon l’une quelconque des
revendications 1 à 4, dans lequel, dans la partie de
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rétrécissement de largeur (310), au moins l’une des
parois latérales (310) a une surface inclinée qui s’in-
cline par rapport à la direction de profondeur, et la
surface inclinée est une surface plate.

6. Corps de châssis (22) selon l’une quelconque des
revendications 1 à 4, dans lequel dans la partie de
rétrécissement de largeur (310), au moins l’une des
parois latérales (310) a une surface inclinée qui s’in-
cline par rapport à la direction de profondeur, et la
surface inclinée est une surface incurvée.

7. Corps de châssis (22) selon la revendication 1, dans
lequel :

la fente (210) a une paroi inférieure (32) ; et
la paroi inférieure (32) a une surface incurvée
faisant saillie dans la direction de profondeur de
la fente (210).

8. Corps de châssis (22) selon la revendication 7, dans
lequel une surface globale des parois latérales (310)
et de la paroi inférieure (32) est formée en une sur-
face incurvée.

9. Corps de châssis (22) selon l’une quelconque des
revendications 1 à 8, dans lequel un espacement
entre les parois latérales (310) à n’importe quelle
position dans la direction de profondeur de la fente
(210) est équivalent ou inférieur à un espacement
entre les parois latérales (310) plus à proximité d’un
côté d’une partie d’ouverture (22o) que cette posi-
tion.

10. Châssis de pile (20) pour une batterie à flux rédox,
comprenant :

le corps de châssis (22) selon l’une quelconque
des revendications 1 à 9 ; et
une plaque bipolaire (21) montée dans l’ouver-
ture (22o) du corps de châssis (22),
le corps de châssis (22) et la plaque bipolaire
(21) formant une chambre (24) à l’intérieur du
corps de châssis (22) .

11. Batterie à flux rédox comprenant un châssis de pile
(20) pour une batterie à flux rédox selon la revendi-
cation 10.
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