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ION EXCHANGER AND COOLER HAVING
ION EXCHANGER

TECHNICAL FIELD

The present invention relates to an ion exchanger for
removing an impurity ion from a fluid and a cooler having
the ion exchanger.

BACKGROUND ART

A fuel cell includes an anode, a cathode, and an electro-
lytic membrane interposed therebetween. The fuel cell gen-
erates electric power using an anode gas containing hydro-
gen supplied to the anode and a cathode gas containing
oxygen supplied to the cathode. An electrochemical reaction
generated in both the anode and the cathode can be
expressed as follows.

Anode: 2H,—4H"+4e™ (€8]

Cathode: 4H*+4e™+0,—2H,0 2)

Through the electrochemical reaction of Expressions (1)
and (2), the fuel cell generates an electromotive force of,
approximately, 1 V.

When the fuel cell is employed as a power source of a
vehicle, a fuel cell stack obtained by stacking several
hundreds of fuel cells is used. In addition, a fuel cell system
capable of supplying an anode gas and a cathode gas to the
fuel cell stack is provided to output electric power for
driving a vehicle.

In such a fuel cell system, a coolant circulation path is
provided to cool the fuel cell stack. If the fuel cell system is
used for a long time, an impurity ion such as Na* or SO,
is eluted to the coolant from a pipe or the like of the
circulation path, so that electric conductivity of the coolant
increases, and power generation performance of the fuel cell
stack is deteriorated. For this reason, an ion exchanger for
removing an impurity ion from the coolant is provided in the
coolant circulation path. In the ion exchanger, it is preferable
that an ion exchange rate relating to impurity ion removal
performance be high and a pressure loss which is a pressure
difference between an inlet side and an outlet side be small.

JP 2009-219954 A discloses a dual channel structure ion
exchanger having an inner pipe and an outer pipe. In this ion
exchanger, one of a path formed inside the inner pipe and a
path formed between the inner and outer pipes serves as an
ion exchange path filled with an ion exchange resin, and the
other path serves as a bypass path.

SUMMARY OF INVENTION

In the ion exchanger described above, a cross-sectional
area of the flow path is reduced in the center of the bypass
path. Therefore, a pressure loss in the bypass path easily
increases. In addition, it is difficult to improve both the ion
exchange rate and the pressure loss.

It is therefore an object of the present invention to provide
an ion exchanger capable of suppressing an increase of the
pressure loss and improving the ion exchange rate.

According to an aspect of the present invention, an ion
exchanger configured to remove an impurity ion of a coolant
for cooling a fuel cell is provided. The ion exchanger
includes an inflow portion having an inflow path where the
coolant enters, a discharge portion having a discharge path
for discharging the coolant, an outer casing having an
upstream end where the inflow portion is provided and a
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2

downstream end where the discharge portion is provided, an
inner casing housed inside the outer casing, an outer path
formed between the inner casing and the outer casing to
cause the inflow path and the discharge path to communicate
with each other, and an inner path that is formed inside the
inner casing to cause the inflow path and the discharge path
to communicate with each other and is configured to enclose
an ton exchange resin capable of removing an impurity ion
of the coolant. The inner casing has a through-hole that
causes the inner path and the outer path to communicate with
each other.

Embodiments and advantages of this invention will be
described in detail below with reference to the attached
figures.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic view illustrating a fuel cell system
having an ion exchanger according to a first embodiment of
the invention.

FIG. 2A is an exploded perspective view illustrating the
ion exchanger provided in a cooler of the fuel cell system.

FIG. 2B is a longitudinal cross-sectional view illustrating
the ion exchanger.

FIG. 2C is a side view illustrating an upstream end side
of the ion exchanger.

FIG. 3 is a diagram schematically illustrating a longitu-
dinal cross section of the ion exchanger.

FIG. 4A is a diagram illustrating a relationship between an
ion exchange rate of a cation and a flow rate of a coolant
passing through the ion exchanger.

FIG. 4B is a diagram illustrating a relationship between an
ion exchange rate of an anion and a flow rate of the coolant
passing through the ion exchanger.

FIG. 5 is a diagram illustrating a relationship between a
pressure loss and a flow rate of the coolant passing through
the ion exchanger.

FIG. 6 is a longitudinal cross-sectional view illustrating
an ion exchanger according to a second embodiment of the
invention.

FIG. 7 is a diagram illustrating a relationship between an
ion exchange rate and a flow volume of the coolant passing
through the inn exchanger.

FIG. 8 is a diagram schematically illustrated a longitudi-
nal cross section of an ion exchanger according to a third
embodiment of the invention.

FIG. 9 is a diagram schematically illustrating a longitu-
dinal cross section of an ion exchanger according to a
modification of the third embodiment.

FIG. 10 is a longitudinal cross sectional view illustrating
an ion exchanger according to a fourth embodiment of the
invention.

FIG. 11 is a perspective view illustrating an ion exchanger
according to a fifth embodiment of the invention.

FIG. 12 is a diagram schematically illustrating a longitu-
dinal cross section of an ion exchanger according to the fifth
embodiment.

FIG. 13 is a schematic view illustrating a modification of
the fuel cell system.

DESCRIPTION OF EMBODIMENTS

(First Embodiment) FIG. 1 is a schematic view illustrat-
ing a fuel cell system 1 having an ion exchanger 100
according to a first embodiment of the present invention.
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As illustrated in FIG. 1, the fuel cell system 1 includes a
fuel cell stack 10, a cooler 20 that cools the fuel cell stack
10, and a controller 30 that executes a system control.

The fuel cell stack 10 is configured by stacking a prede-
termined number of fuel cells. The fuel cell stack 10
generates electric power using an anode gas supplied from
an anode gas supply unit and a cathode gas supplied from a
cathode gas supply unit. The electric power generated by the
fuel cell stack 10 is supplied to various electric devices such
as a driving motor for driving a vehicle.

The cooler 20 is a device for cooling the fuel cell stack 10
using a coolant. As the coolant, pure water or a glycol-based
antifreeze fluid may be employed. The cooler 20 includes a
coolant circulation path 21, a radiator 22, a bypass path 23,
a three-way valve 24, a reservoir 25, a circulating pump 26,
and the ion exchanger 100.

The coolant circulation path 21 is a path where a coolant
for cooling the fuel cell stack 10 flows. One end of the
coolant circulation path 21 is connected to a coolant inlet
port of the fuel cell stack 10, and the other end is connected
to a coolant outlet port of the fuel cell stack 10.

The radiator 22 is a heat radiating device capable of
cooling the coolant discharged from the fuel cell stack 10
and is provided in the coolant circulation path 21.

The bypass path 23 is connected to the coolant circulation
path 21 by bypassing the radiator 22.

The three-way valve 24 is provided in a junction between
the coolant circulation path 21 in the upstream side from the
radiator 22 and the bypass path 23. The three-way valve 24
is a flow rate adjustment member that adjusts a flow rate of
the coolant flowing to the radiator 22 and a flow rate of the
coolant flowing to the bypass path 23. An opening degree of
the three-way valve 24 is controlled by the controller 30
based on a cooling load state and the like.

The reservoir 25 is provided in the coolant circulation
path 21 between the radiator 22 and a downstream end
junction of the bypass path 23. The reservoir 25 has a cap
25A opened and closed depending on a pressure of the
coolant in the coolant circulation path 21. When the pressure
in the coolant circulation path 21 is high, a part of the
coolant flowing through the coolant circulation path 21 is
supplied to the reservoir 25 through the cap 25A. When the
pressure in the coolant circulation path 21 is low, the coolant
in the reservoir 25 is supplied to the coolant circulation path
21 through the cap 25A. As a result, the pressure of the
coolant, in the coolant circulation path 21 is maintained
within a predetermined pressure range.

The circulating pump 26 is a forced feed device for
circulating the coolant. The circulation pump 26 is provided
in the coolant circulation path 21 between the fuel cell stack
10 and the downstream end junction of the bypass path 23.
A discharge flow rate of the circulating pump 26 is con-
trolled by the controller 30.

The ion exchanger 100 is provided in the coolant circu-
lation path 21 between the circulating pump 26 and the
coolant circulation path 21 in the downstream side from the
radiator 22, for example, the downstream end junction of the
bypass path 23. A granular ion exchanger resin capable of
removing an impurity ion is enclosed in the ion exchanger
100. The ion exchanger 100 lowers the electric conductivity
of the coolant by removing an impurity ion included in the
coolant.

The controller 30 includes a microcomputer having a
central processing unit (CPU), a read-only memory (ROM),
a random access memory (RAM), and an input/output
interlace (1/0 interface). The controller 30 receives signals
from various sensors that detect a driving condition of the
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4

fuel cell stack 10 and controls the three-way valve 24, the
circulating pump 26, and the like based on such input
signals.

A configuration of the ion exchanger 100 will be
described with reference to FIGS. 2A to 2C. FIG. 2A is an
exploded perspective view illustrating the ion exchanger
100. FIG. 2B is a longitudinal cross-sectional view illus-
trating the ion exchanger 100, and FIG. 2C is a left side view
illustrating the ion exchanger 100.

Referring in FIGS. 2A to 2C, the ion exchanger 100
includes an outer casing 110, an inner casing 120 coaxially
arranged inside the outer casing 110, and cap members 130
and 140 installed in both ends of the outer casing 110.

The outer casing 110 is a cylindrical frame. Each of the
upstream end 111 and the downstream end 112 of the outer
casing 110 is formed as an opening end. The cap member
130 is installed in the upstream end 111 of the outer casing
110, and the cap member 140 is installed in the downstream
end 112 of the outer casing 110.

The cap member 130 is configured as an inflow portion
having an inflow path 131 for flowing the coolant into the
ion exchanger 100 from the coolant circulation path 21. The
inflow path 131 is formed such that a diameter of the inflow
path 131 gradually increases along a flow direction of the
coolant, that is, from the upstream side to the downstream
side in an axial direction of the ion exchanger 100.

The cap member 140 is configured as a discharge portion
having a discharge path 141 for discharging rise coolant
from the ion exchanger 100 to the coolant circulation path
21. The discharge path 141 is formed such that a diameter of
the discharge path 141 is gradually reduced along the flow
direction of the coolant, that is, from the upstream side to the
downstream side in the axial direction of the ion exchanger
100.

The inner casing 120 is a cylindrical frame. The inner
casing 120 is coaxially arranged inside the outer casing 110.
While the inner casing 120 is provided inside the outer
casing 110, the inside of the inner casing 120 serves as an
inner path 150, and a gap between the outer casing 110 and
the inner casing 120 serves as an other path 160.

The inner casing 120 includes a cylindrical portion 121
opened to the upstream end and a 1id portion 122 provided
in the opening end of the cylindrical portion 121.

A plurality of rectangular through-holes 121A causing the
inner path 150 to communicate with the outer path 160 are
formed on the outer circumferential surface (side surface) of
the cylindrical portion 121. The through-holes 121A are
arranged side by side with a predetermined interval in an
axial direction of the cylindrical portion 121 and with a
predetermined interval in an outer circumferential direction
of the cylindrical portion 121.

The downstream end 121B of the cylindrical portion 121
is formed in a circular disk shape. A plurality of communi-
cating portions 121C and 121D where the coolant can pass
are formed in the downstream end 121B. A plurality of
communicating portions 121C are arranged side by side with
a predetermined interval around a center of the downstream
end 121B. The communicating portions 121C are formed to
cause the inner path 150 and the discharge path 141 to
communicate with each other and are positioned in the
vicinity of the center of the downstream end 121B. A
plurality of communicating portions 121D are arranged side
by side with a predetermined interval around the center of
the downstream end 121B. The communicating portions
121D are formed to cause the outer path 160 and the
discharge path 141 to communicate with each other and are
positioned in the vicinity of an outer periphery of the
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downstream end 121B corresponding to an outer side from
the communicating portion 121C in a radial direction.

The lid portion 122 is a disk-like member detachable
installed in the opening end of the cylindrical portion 121.
The 1lid portion 122 serves as an upstream end of the
cylindrical portion 121. A plurality of communicating por-
tions 122A and 122B where the coolant can pass are formed
in the lid portion 122A. A plurality of communicating
portions 122A are arranged side by side with a predeter-
mined interval around the center of the lid portion 122. The
communicating portions 122A are formed to cause the
inflow path 131 and the inner path 150 to communicate with
each other and are positioned in the vicinity of rise center of
the lid portion 122. A plurality of communicating portions
122B are arranged side by side with a predetermined interval
around the center of the lid portion 122. The communicating
portions 122B are formed to cause the inflow path 131 and
the outer path 160 to communicate with each other and are
positioned in the vicinity of the outer periphery of the lid
portion 122 corresponding to the outer side from the com-
municating portion 122A in a radial direction.

An ion exchange resin for removing an impurity ion from
the coolant is filled in the inside of the inner casing 120
including the cylindrical portion 121 and the lid portion 122,
that is, inside the inner path 150. Since the ion exchange
resin is granular, in order to prevent the ion exchange resin
from leaking from the inner casing 120, a mesh M having a
screen opening (sieve opening) smaller than a particle size
of the ion exchange resin is provided in the through-hole
121A of the inner casing 120 and the communicating
portions 121C and 122A. The screen opening of the mesh M
is set to, approximately, 200 microns. Although, in FIGS. 2A
and 2C, the mesh M is provided only in a part of the
through-holes 121A and the communicating portions 121C
and 122A, the mesh M are provided in all through-holes
121A and communicating portions 121C and 122A in prac-
tice.

A flow of the coolant passing through the ion exchanger
100 will be described with reference to FIGS. 2A, 2B, and
3. FIG. 3 is a diagram schematically illustrating a longitu-
dinal cross section of the ion exchanger 100.

The coolant flowing trough the coolant circulation path 21
enters the ion exchanger 100 through the inflow path 131 of
the cap member 130. The coolant of the inflow path 131
enters the inner path 150 through the communicating portion
122A of the lid portion 122 of the inner casing 120. In
addition, the coolant of the inflow path 131 enters the outer
path 160 through the communicating portion 122B of the lid
portion 122 of the inner casing 120.

The coolant flowing through the inner path 150 and the
outer path 160 flows to the downstream side by switching a
channel between the inner path 150 and the outer path 160
through the through-hole 121A of the cylindrical portion 121
as indicated by the arrow of FIG. 3. That is, a part of the
coolant flowing through the outer path 160 flows to the inner
path 150 through the through-hole 121A, and a part of the
coolant flowing through the inner path 150 flows to the outer
path 160 through the through-hole 121A. An impurity ion of
the coolant is removed by the ion exchange resin when it
passes through the inner path 150. As a result, the electric
conductivity of the coolant decreases.

Then, the coolant arriving at the downstream of the inner
path 150 flows to the discharge path 141 through the
communicating portion 121C of the downstream end 121B
of the inner casing 120. The coolant arriving at the down-
stream of the order path 160 flows to the discharge path 141
through the communicating portion 121D of the downstream
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end 121B of the inner casing 120. The coolant output from
the inner path 150 and the outer path 160 is discharged to the
coolant circulation path 21 via the discharge path 141 and is
supplied to the fuel cell stack 10.

The effects of the ion exchanger 100 will be described
with references to FIGS. 4A, 4B, and 5.

FIG. 4A is a diagram illustrating a relationship between an
ion exchange rate of a cation and a flow rate of the coolant
passing through the ion exchanger. FIG. 4B is a diagram
illustrating a relationship between an ion exchange rate of an
anion and a flow rate of the coolant passing through the ion
exchanger. FIG. 5 is a diagram illustrating a relationship
between a pressure loss and a flow rate of the coolant
passing through the ion exchanger.

It is noted that, in FIGS. 4A, 4B, and 5, the solid line
denotes data of the ion exchanger 100 according to the first
embodiment, and the dotted line denotes data of the ion
exchanger of a comparative example in which no through-
hole is provided in the inner casing. In the ion exchanger of
the comparative example, the coolant does not flow by
switching a channel between the outer path and the inner
path.

In the ion exchanger 100 according to the first embodi-
ment, the coolant flowing through the inflow path 131 enters
the inner path 150, and the coolant flowing through the outer
path 160 also enters the inner path 150 through the through-
hole 121A. For this reason, it is possible to remove an
impurity ion using the ion exchange resin in the vicinity of
the outer circumferential surface as well as in the vicinity of
the front side of the inner path 150 from an initial stage of
the use of the ion exchanger 100. Therefore, it is possible to
increase the ion exchange rate of the ion exchanger 100. As
a result, as illustrated in FIGS. 4A and 4B, the ion exchange
rates of cations and anions of the ion exchanger 100
increase, relative to the ion exchange rates of cations and
anions of the ion exchanger of the comparative example,
within a flow rate range of the coolant anticipated by the fuel
cell stack 10.

In the ion exchanger 100, since a part of the coolant
flowing through the inner path 150 flows to the outer path
160 through the through-hole 121A, a pressure reduction of
the coolant generated when it passes through the inner path
150 and the outer path 160 is suppressed. Therefore, it is
possible to suppress an increase of the pressure loss in the
ion exchanger 100. As a result, as illustrated in FIG. 5, the
pressure loss of the ion exchanger 100 is reduced, relative to
the pressure loss of the ion exchanger of the comparative
example, within a flow rate range of the coolant anticipated
by the fuel cell stack 10.

The following effects can be obtained using the ion
exchanger 100 according to the first embodiment described
above.

The ion exchanger 100 has a dual channel structure using
the outer casing 110 and the inner casing 120 where the ion
exchange resin is filled. The through-hole 121A that causes
the inner path 150 and the outer path 160 to communicate
with each other is formed on the outer circumferential
surface of the cylindrical portion 121 of the inner casing
120. Since the coolant flowing through the inner path 150
and the outer path 160 flows to the downstream side by
switching a channel between the inner path 150 and the outer
path 160 through the through-hole 121A, it is possible to
remove an impurity ion using the ion exchange resin in the
vicinity of the outer circumferential surface of the inner
casing 120 from an initial stage of the use and increase the
ion exchange rate of the ion exchanger 100. In addition,
since a part of the coolant of the inner path 150 flows to the
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outer path 160 through the through-hole 121A, it is possible
to suppress an increase of the pressure loss in the ion
exchanger 100.

It is noted that, in the cooler 20 of FIG. 1, since the ion
exchanger 100 is provided in the coolant circulation path 21
in the downstream side from the radiator 22, it is possible to
supply a low temperature coolant to the ion exchanger 100
and suppress thermal degradation of the ion exchange resin
filled in tire inside of the inner casing 120.

(Second Embodiment) An ion exchanger 100 according to
a second embodiment of the invention will be described with
reference to FIGS. 6 and 7. The second embodiment is
different from the first embodiment in the configuration of
the through-hole 121A of the cylindrical portion 121 of the
inner casing 120. It is noted that, in the following embodi-
ments, like reference numerals denote like elements as in the
first embodiment, and the description thereof will not be
repeated.

FIG. 6 is a longitudinal cross-sectional view illustrating
the ion exchanger 100 according to the second embodiment.
FIG. 7 is a diagram illustrating a relationship between an ion
exchange rate and a flow volume of the coolant passing
through the ion exchanger. In FIG. 7, the solid line denotes
data of the ion exchanger 100 according to the first embodi-
ment, and the dotted line denotes data of the ion exchanger
100 according to the second embodiment.

As illustrated in FIG. 6, in the ion exchanger 100 accord-
ing to the second embodiment, the through-hole 121A is
formed on the outer circumferential surface in the vicinity of
the downstream end 121B of the cylindrical portion 121 of
the inner casing 120. That is, no through-hole 121A is
formed in the upstream side of the cylindrical portion 121,
but the through-holes 121A are arranged side by side with a
predetermined interval along an outer circumferential direc-
tion in the downstream side of the cylindrical portion 121.

In the ion exchanger 100 according to the first embodi-
ment, since the coolant flowing through the inflow path 131
and the outer path 160 flows into the upstream side of the
tuner path 150, it is likely that the ion exchange resin in the
upstream side is locally used. In comparison, in the ion
exchanger 100 according to the second embodiment, the
coolant flowing through the inflow path 131 flows into the
upstream side of the inner path 150, and the coolant flowing
through the outer path 160 flows into the downstream side
of the inner path 150. Therefore, it is possible to relatively
uniformly use the ion exchange resin across the entire area
from an initial stage of the use of the ion exchanger 100.

Therefore, as illustrated in FIG. 7, the flow volume 1.2
when the ion exchange rate of the ion exchanger 100
according to the second embodiment reaches the lower limit
is larger than the flow volume [.1 when the ion exchange rate
of the ion exchanger 100 according to the first embodiment
reaches the lower limit.

In the ion exchanger 100 according to the second embodi-
ment, the through-hole 121A is provided on the outer
circumferential surface in the vicinity of the downstream of
the cylindrical portion 121 of the inner casing 120, and the
coolant flowing through the outer path 160 flows into the
downstream side of the inner path 150. Therefore, it is
possible to relatively uniformly use the ion exchange resin
across the entire area. As a result, it is possible to lengthen
a period until the ion exchange rate of the ion exchanger 100
reaches the lower limit and reliably remove an impurity ion
from the coolant for a long time. In addition, since a part of
the coolant of the inner path 150 flows to the outer path 160
through the through-hole 121A, it is possible to suppress an
increase of a pressure loss in the son exchanger 100.
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(Third Embodiment) An ion exchanger 100 according to
a third embodiment of the invention will be described with
reference to FIG. 8. The third embodiment is different from
the first and second embodiment in a configuration of the
mesh M provided in the through-hole 121A of the inner
casing 120 and the like.

FIG. 8 is a diagram schematically illustrating a longitu-
dinal cross section of the ion exchanger 100 according to the
third embodiment.

As illustrated in FIG. 8, in the ion exchanger 100, meshes
M1 as first meshes are provided in the through dudes 121A
of the cylindrical portion 121 and the communicating por-
tions 121C of the downstream end 121B, and meshes M2 as
second meshes are provided in the communicating portions
122A and 122B of the lid portion 122.

The mesh M1 provided in the through-hole 121A and the
communicating portion 121C has a screen opening smaller
than a particle size of the ion exchange resin. The screen
opening of the mesh M1 is set to, approximately, 200
microns. The mesh M1 prevents the ion exchange resin filled
in the inner casing 120 from leaking to the outside.

The mesh M2 provided in the communicating portions
122 A and 122B has a screen opening smaller than that of the
mesh M1 and is capable of removing a foreign object
contained in the coolant. The screen opening of the mesh M2
is set to, approximately, 100 microns. The mesh M2 serves
as a filter that prevents the ion exchange resin filled in the
inner casing 120 from leaking to the outside and removes a
foreign object when the coolant passes.

In the ion exchanger 100 according to the third embodi-
ment, the mesh M1 is provided in the through-hole 121A of
the cylindrical portion 121 of the inner casing 120 and the
communicating portion 121C of the downstream end 121B,
and the mesh M2 having a screen opening smaller than that
of the mash M1 is provided in the communicating portions
122A and 122B of the lid portion 122. Therefore, it is
possible to prevent the ion exchange resin from leaking front
the inner casing 120 and remove a foreign object contained
in the coolant. As a result, it is possible to supply the fuel cell
stack 10 with the coolant having a low electric conductivity
and no foreign object.

It is noted that, although the mesh M2 is provided in the
communicating portions 122A and 122B of the lid portion
122 of the inner casing 120 in the ion exchanger 100
according to the third embodiment, the mesh M2 may also
be provided in the communicating portions 121C and 121D
of the downstream end 121B of the cylindrical portion 121
as illustrated in FIG. 9. In this case, the mesh M1 is provided
in the through-hole 121A of the cylindrical portion 121 and
the communicating portion 122A of the lid portion 122. In
the ion exchanger 100 according to a modification of the
third embodiment illustrated in FIG. 9, it is possible to
prevent the ion exchange resin from leaking from the inner
casing 120 and remove a foreign object contained in the
coolant. As a result, it is possible to supply the fuel cell stack
10 with the coolant having a low electric conductivity and no
foreign object.

(Fourth Embodiment) An ion exchanger 100 according to
a fourth embodiment of the invention will be described with
reference to FIG. 10. The fourth embodiment is different
from the first to third embodiments in that a guide wall 113
for guiding the flow of the coolant is provided in the outer
path 160.

FIG. 10 is a longitudinal cross-sectional view illustrating
the ion exchanger 100 according to the fourth embodiment.

As illustrated in FIG. 10, in the ion exchanger 100
according to the fourth embodiment, a guide wall 113 as a
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wall for guiding the flow of the coolant is provided on the
inner circumferential surface of the outer casing 110. The
guide wall 113 is formed to protrude inward from the inner
circumferential surface of the outer casing 110. The guide
wall 113 is provided for each through-hole 121A of the inner
casing 120 and is arranged to face the through-hole 121A.
The grade wall 113 is formed such that the height protruding
from the inner circumferential surface of the outer casing
110 increases from the upstream end 111 of the outer casing
110 to the downstream end 112.

In the ion exchanger 100 according to the fourth embodi-
ment, the coolant flowing through the outer path 100 is
guided to the inner casing 120 side by the guide wall 113
provided in the outer path 160. Therefore, the coolant easily
flows to the inner path 150 through the through-hole 121A.
As a result it is possible to improve the ion exchange rate.

In addition, since the guide wall 113 is arranged to face
the through-hole 121A and is formed such that the protru-
sion height increases from the upstream end ill of the outer
casing 110 to the downstream end 112, the coolant of the
outer path 160 flows to the inner path 150 through the
downstream side (the vicinity of the rear side) of each
through-hole 121 A. Therefore, it is possible to avoid the ion
exchange resin from being locally used in the upstream side
and relatively uniformly use the ion exchange resin across
the entire area. As a result, it is possible to reliably remove
an impurity ion of the coolant for a long time.

(Fifth Embodiment) An ion exchanger 100 according to a
fifth embodiment of the invention will be described with
reference to FIGS. 11 and 12. The fifth embodiment is
different from the first embodiment in that a partitioning wall
170 is provided in the outer path 160.

FIG. 11 is a perspective view illustrating the ion
exchanger 100 according to the fiftth embodiment. FIG. 12 is
a diagram schematically illustrating a longitudinal cross
section of the ion exchanger 100 according to the fifth
embodiment.

As illustrated in FIGS. 11 and 12, in the ion exchanger
100 according to the filth embodiment, a ring-like partition-
ing wall 170 is fitted to the outer circumferential surface of
the cylindrical portion 121 of the inner casing 120. The
partitioning wall 170 may be fixed to the inner circumfer-
ential surface of the outer casing 110 instead of the outer
circumferential surface of the cylindrical portion 121. The
partitioning wall 170 is provided in the outer path 160 so as
to be positioned between the through-holes 121A of the
upstream side of the cylindrical portion 121 and the through-
holes 121A of the downstream side in order to partition the
outer path 160 into an upstream portion and a downstream
portion. The partitioning wall 170 has a plurality of com-
municating holes 171 that cause the upstream portion and
the downstream portion of the outer path 160 to communi-
cate with each other. The communicating holes 171 are
arranged side by side along a circumferential direction of the
partitioning wall 170.

The coolant flowing into the outer path 160 flows from the
upstream portion to the downstream portion through the
communicating hole 171 of the partitioning wall 170. Since
there is the partitioning wall 170 between the upstream
portion and the downstream portion of the outer path 160,
the coolant in the upstream portion of the outer path 160
easily flows into the inner path 150 through the through-hole
121A of the upstream side as indicated by the arrow of FIG.
12.

As illustrated in FIG. 12, in the ion exchanger 100, the
mesh M1 as a first mesh is provided in the communicating
portion 122A of the lid portion 122 and the through-hole
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121 A of the upstream side of the cylindrical portion 121, and
the mesh M2 as a second mesh is provided in the through-
hole 121A of the downstream side of the cylindrical portion
121, the communicating portion 121C of the downstream
end 121B, and the communicating hole 171 of the partition-
ing wall 170.

The mesh M1 has a screen opening smaller than a particle
size of the ion exchange resin. The screen opening of the
mesh M1 is set to, approximately, 200 microns. The mesh
M1 prevents the ion exchange resin filled in the inner casing
120 from leaking to the outside.

The mesh M2 has a screen opening smaller than that of
the mesh M1 and is capable of removing a foreign object
contained in the coolant. The screen opening of the mesh M2
is set to, approximately, 100 microns. The mesh M2 prevents
the ion exchange resin filled in the inner casing 120 from
leaking to the outside and serves as a filter that removes a
foreign object as the coolant passes.

In the ion exchanger 100 according to the fifth embodi-
ment, the partitioning wall 170 having the communicating
hole 171 is provided in the outer path 160 between the
through-hole 121A of the upstream side and the through-
hole 121A of the downstream side. Therefore, the coolant of
the upstream portion of the outer path 160 easily flows to the
inner path 150 through the through-hole 121A of the
upstream side. As a result, it is possible to improve the ion
exchange rate of the ion exchanger 100.

Since the partitioning wall 170 is arranged in rear of the
through-hole 121A of the upstream side, the coolant of the
upstream portion of the outer path 160 flows into the inner
path 150 through through-hole 121A of the upstream side in
the vicinity of the partitioning wall 170, that is, the down-
stream position of through-hole 121A of the upstream side.
For this reason, it is possible to prevent the ion exchange
resin of the upstream side from being locally used and
relatively uniformly use the ion exchange resin across the
entire area. As a result, it is possible to reliably remove an
impurity ion of the coolant for a long time.

In the ion exchanger 100 according to the fifth embodi-
ment, the mesh M1 is provided in the communicating
portion 122A of the lid portion 122 and the through-hole
121 A of the upstream side of the cylindrical portion 121, and
the mesh M2 having a screen opening smaller than that of
the mesh M1 is provided in the through-hole 121A of the
downstream side of the cylindrical portion 121, the com-
municating portion 121C of the downstream end 121B, and
the communicating hole 171 of the partitioning wall 170.
Therefore, it is possible to prevent the ion exchange resin
from leaking from the inner casing 120 and remove a foreign
object contained in the coolant. As a result, it is possible to
supply the fuel cell stack 10 with a coolant that does not
contain a foreign object with a low electric conductivity.

In the first to fifth embodiments, as illustrated in FIG. 1,
the ion exchanger 100 is provided in the coolant circulation
path 21 between the downstream end junction of the bypass
path 23 and the circulating pump 26. However, the ion
exchanger 100 may foe provided in the coolant circulation
path 21 between the circulating pump 26 and the fuel cell
stack 10 as illustrated in FIG. 13. In this manner, in the
cooler 20 having the ion exchanger 100 arranged immedi-
ately before the fuel cell stack 10, it is possible to reduce an
electric conductivity of the coolant flowing to the fuel cell
stack 10 and remove a foreign object of the coolant as small
as possible.

When the ion exchanger 100 is provided in the vicinity of
the circulating pump 20 between the circulating pump 26
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and the fuel cell stack 10, a high-pressure coolant discharged
from the circulating pump 26 is immediately supplied to the
ion exchanger 100.

As a volume of the ion exchange resin occupying the
inside of the inner casing 120 is reduced due to deterioration
of'the ion exchange resin and the like, a gap between the ion
exchange resins increases, and the ion exchange rate
decreases. However, if the high-pressure coolant discharged
from the circulating pump 26 is immediately supplied to the
ion exchanger 100, the ion exchange resin is surged to the
downstream end 121B side of the inner casing 120 by virtue
of the discharge pressure, and thus it is possible to suppress
an increase of the gap between the ion exchange resins.
Therefore, in the cooler 20 having the ion exchanger 100
arranged in the vicinity of the circulating pump 26, it is
possible to suppress reduction of the ion exchange rate of the
ion exchanger 100.

Embodiments of the present invention were described
above, but the above embodiments merely illustrate a part of
examples of applications of the present invention, and the
technical scope of the present invention is not limited to the
specific configurations described in the embodiments.

The present application claims priority based on Japanese
Patent Application No. 2011-226629, filed with the Japan
Patent Office on Oct. 14, 2011, the entire contents of which
are incorporated into this specification by reference.

The invention claimed is:

1. An ion exchanger configured to remove an impurity ion
of a coolant for cooling a fuel cell, comprising:

an inflow portion having an inflow path where the coolant

enters;

a discharge portion having a discharge path for discharg-

ing the coolant;

an outer casing having an upstream end where the inflow

portion is provided and a downstream end where the
discharge portion is provided;
an inner casing housed inside the outer casing;
an ion exchange resin for removing an impurity ion from
the coolant being filled in an inside of the inner casing;

an outer path formed between the inner casing and the
outer casing, the outer path being configured to com-
municate with the inflow path and the discharge path
through a space that does not enclose the ion exchange
resin; and

an inner path that is formed inside the inner casing to

cause the inflow path and the discharge path to com-
municate with each other and is configured to enclose
the ion exchange resin,

wherein the inner casing has a through-hole that causes

the inner path and the outer path to communicate with
each other.

2. The ion exchanger according to claim 1, wherein a
plurality of the through-holes are formed side by side on an
outer circumferential surface of the inner casing along a
circumferential direction and an axial direction of the inner
casing.

3. The ion exchanger according to claim 1, wherein a
plurality of the through-holes are formed on an outer cir-
cumferential surface of a downstream side of the inner
casing.

4. The ion exchanger according to claim 1, wherein a
mesh having a screen opening smaller than a particle size of
the ion exchange resin is provided in a communicating
portion between the inner path and the inflow path, a
communicating portion between the inner path and the
discharge path, and the through-hole.
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5. The ion exchanger according to claim 4, wherein a first
mesh having a screen opening smaller than a particle size of
the ion exchange resin is provided in the communicating
portion between the inner path and the discharge path and
the through-hole, and a second mesh that is capable of
removing a foreign object contained in the coolant and has
a screen opening smaller than that of the first mesh is
provided in the communicating portion between the inner
path and the inflow path and a communicating portion
between the outer path and the inflow path.

6. The ion exchanger according to claim 4, wherein a first
mesh having a screen opening smaller than a particle size of
the ion exchange resin is provided in the communicating
portion between the inner path and the inflow path and the
through-hole, and a second mesh that is capable of removing
a foreign object contained in the coolant and has a screen
opening smaller than that of the first mesh is provided in the
communicating portion between the inner path and the
discharge path and a communicating portion between the
outer path and the discharge path.

7. The ion exchanger according to claim 1, wherein a wall
portion configured to guide the coolant is provided in the
outer path in order to allow the coolant flowing through the
outer path to enter the inner path through the through-hole.

8. The ion exchanger according to claim 1, further com-
prising a partitioning wall configured to partition the outer
path into an upstream portion and a downstream portion; and

a communicating hole formed in the partitioning wall to

cause the upstream and downstream portions of the
outer path to communicate with each other.

9. The ion exchanger according to claim 8, wherein a first
mesh having a screen opening smaller than a particle size of
the ion exchange resin is provided in a communicating
portion between the inner path and the inflow path and the
through-hole of an upstream side from the partitioning wall,
and a second mesh that is capable of removing a foreign
object contained in the coolant and has a screen opening
smaller than that of the first mesh is provided in a commu-
nicating portion between the inner path and the discharge
path, the through-hole of a downstream side from the
partitioning wall, and the communicating hole of the parti-
tioning wall.

10. A cooler configured to cool a fuel cell using a coolant
flowing through a coolant circulation path, comprising:

an ion exchanger according to claim 1 which is provided

in the coolant circulation path;

a radiator which is provided in the coolant circulation path

and is configured to cool the coolant; and

a circulating pump which is provided in the coolant

circulation path and is configured to circulate the
coolant,

wherein the ion exchanger is provided in the coolant

circulation path in a downstream side from the radiator.

11. The cooler according to claim 10, wherein the ion
exchanger is provided in the coolant circulation path
between the circulating pump and the fuel cell in a down-
stream side from the radiator.

12. The cooler according to claim 11, wherein the ion
exchanger is provided in the coolant circulation path in the
vicinity of the circulating pump between the circulating
pump and the fuel cell.

13. The cooler according to claim 12, wherein the ion
exchanger is provided in the coolant circulation path
between the circulating pump and the fuel cell at a location
closer to the circulating pump than to the fuel cell.
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14. The ion exchanger according to claim 1, wherein the
outer path is directly connected with the inflow path and the
discharge path through the space that does not enclose the
ion exchange resin.

15. The ion exchanger according to claim 1, wherein the 5
inner casing is configured to cause the coolant to flow from
the outer path to the inner path through the through-hole.
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