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(57) Abrégé/Abstract:

Provided is a hollow fiber membrane module that, even when being employed in a case body made of a resin, can prevent the case
body from being deformed. A hollow fiber membrane module 10 comprises: a plurality of hollow fiber membranes 200; a case 100
that houses the plurality of hollow fiber membranes 200 and that has a case body 110 made of a resin and having openings at
opposing ends; a pair of sealing-fixing parts 310, 320 for, at the opposing ends of the case 100, sealing gaps between the hollow
fiber membranes in a state where the hollow insides of the hollow fiber membranes 200 are kept open, and fixing the plurality of
hollow fiber membranes 200 to the case 100. The hollow fiber membrane module 10 is characterized in that in the case body 110,
a reinforcement part 115 that links together a pair of opposite wall surfaces of inner wall surfaces housing the plurality of hollow
fiber membranes 200 is integrally provided on the pair of wall surfaces.
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[ABSTRACT]
Provided is a hollow fiber membrane module that can suppress the deformation of a
case main body even in a case where the case main body made of a resin is
employed. A hollow fiber membrane module 10 includes: a plurality of hollow fiber
membranes 200; a case 100 that accommodates the plurality of hollow fiber
membranes 200 and has a case main body 110 made of a resin and having
openings at both ends thereof; and a pair of sealing and fixing portions 310 and 320
that seal a gap between the hollow fiber membranes in a state where a hollow inside
of each of the hollow fiber membranes 200 is kept open and fix the plurality of hollow
fiber membranes 200 to the case 100 on both end sides of the case 100. In the
case main body 110, a reinforcement portion 115 that connects a pair of facing wall
surfaces of inner wall surfaces for accommodating the plurality of hollow fiber

membranes 200 is integrally provided on the pair of wall surfaces.
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[DESCRIPTION]
[Title of Invention]
HOLLOW FIBER MEMBRANE MODULE
[Technical Field]
[0001]

The present invention relates to a hollow fiber membrane module applicable to
humidifiers and the like.
[Background Art]
[0002]

For example, in hollow fiber membrane modules provided in humidifiers for
fuel cells, there is a growing demand for high-output systems, and there is a
tendency for the hollow fiber membrane modules to be large. In a large-sized
hollow fiber membrane module, a pressure of a fluid flowing inside a case is high.
Therefore, a large-sized case is generally manufactured by cutting a rigid material
such as a metal. In particular, in the case of a box-shaped case, since it is easily
deformed by a fluid pressure, it is made of a rigid material such as a metal.

[0003]

However, manufacturing the case by cutting a rigid material such as a metal
increases the cost. Therefore, it is desirable to manufacture the case by resin
molding using a mold, but in the case of a large-sized hollow fiber membrane
module, as described above, a fluid pressure increases, and thus the case may
deform during use. If the case is deformed, there is concern that sealing
performance will deteriorate, fluid leakage will occur, and the humidification
performance will deteriorate, leading to deterioration in quality.

[Citation List]

Date Regue/Date Received 2023-09-21



CA 03214464 2023-09-21

P220785WOCA
[Patent Literature]
[0004]
[PTL 1]
WO 2018/190147
[Summary of Invention]
[Technical Problem]
[0005]

An object of the present invention is to provide a hollow fiber membrane
module that can suppress the deformation of a case main body even when the case
main body made of a resin is employed.

[Solution to Problem]
[0006]

The present invention employs the following means to solve the above
problems.
[0007]

That is, a hollow fiber membrane module of the present invention includes: a
plurality of hollow fiber membranes; a case that accommodates the plurality of hollow
fiber membranes and has a case main body made of a resin and having openings at
both ends thereof; and a pair of sealing and fixing portions that seal a gap between
the hollow fiber membranes in a state, where a hollow inside of each of the hollow
fiber membranes is kept open, and fix the plurality of hollow fiber membranes to the
case on both end sides of the case, wherein, in the case main body, a reinforcement
portion that connects a pair of facing wall surfaces of inner wall surfaces for
accommodating the plurality of hollow fiber membranes is integrally provided on the

pair of wall surfaces.
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[0008]

According to the present invention, since the case main body is provided with
the reinforcement portion, even if a fluid pressure in the case main body becomes
high, it is possible to suppress the deformation of the case main body.

[0009]

The reinforcement portion may be provided in a center between one end side
and another end side of the case main body.
[0010]

By employing such a configuration, for example, compared to the case where
the reinforcement portion is provided to extend from one end side to the other end
side, it is possible to suppress a decrease in the number of hollow fiber membranes
to be accommodated in the case main body, it is possible to suppress the obstruction
of the flow of the fluid flowing outside the hollow fiber membranes, and it is possible
to effectively suppress the deformation of the case main body.

[0011]

The case main body may include a pair of substantially flat plate portions each
provided with at least one through hole, through which a fluid passes, and a pair of
curved portions connecting both sides of the pair of substantially flat plate portions,
and may be formed of a member, the cross-sectional shape of which perpendicular
to a direction from one end side to the other end side of the case main body is an
oval shape, and the reinforcement portion may be provided to connect inner wall
surfaces of the pair of curved portions.

[0012]
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In general, the case main body having such a shape and made of a resin is
easily deformed by a fluid pressure, but as described above, the deformation is
suppressed by providing the reinforcement portion.

[0013]

The reinforcement portion may be provided in a center between the pair of
substantially flat plate portions of the case main body.
[0014]

By employing such a configuration, for example, compared to the case where
the reinforcement portion is provided near the pair of substantially flat plate portions,
it is possible to suppress a decrease in the number of hollow fiber membranes to be
accommodated in the case main body, it is possible to suppress the obstruction of
the flow of the fluid flowing outside the hollow fiber membranes, and it is possible to
effectively suppress the deformation of the case main body.

[0015]

The above configurations can be employed in combination as far as possible.
[Advantageous Effects of Invention]

[0016]

As described above, according to the present invention, it is possible to
suppress the deformation of a case main body even when the case main body made
of a resin is employed.

[Brief Description of Drawings]

[0017]

[Fig. 1]

Fig. 1 is a side view of a hollow fiber membrane module according to an embodiment

of the present invention.
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[Fig. 2]
Fig. 2 is a front view of the hollow fiber membrane module according to the
embodiment of the present invention.
[Fig. 3]
Fig. 3 is a schematic cross-sectional view of the hollow fiber membrane module
according to the embodiment of the present invention.
[Fig. 4]
Fig. 4 is a front view of a case main body according to the embodiment of the present
invention.
[Fig. 5]
Fig. 5 is a plan view of the case main body according to the embodiment of the
present invention.
[Fig. €]
Fig. 6 is a schematic cross-sectional view of the case main body according to the
embodiment of the present invention.
[Description of Embodiments]
[0018]

A mode for carrying out this invention will be exemplarily described in detalil
below on the basis of an embodiment with reference to the drawings. However,
unless otherwise specified, the dimensions, materials, shapes, relative arrangement
of components described in this embodiment are not intended to limit the scope of
the present invention only to them.

[0019]

(Embodiment)
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A hollow fiber membrane module according to an embodiment of the present
invention will be described with reference to Figs. 1 to 6. Fig. 1 is a side view of the
hollow fiber membrane module according to the embodiment of the present
invention. Fig. 2 is a front view of the hollow fiber membrane module according to
the embodiment of the present invention. Fig. 3 is a schematic cross-sectional view
of the hollow fiber membrane module according to the embodiment of the present
invention and is a cross-sectional view along A-A in Fig. 2. Fig. 4 is a front view of a
case main body according to the embodiment of the present invention. Fig. 5is a
plan view of the case main body according to the embodiment of the present
invention. Fig. 6 is a schematic cross-sectional view of the case main body
according to the embodiment of the present invention and is a cross-sectional view
along B-B in Fig. 4.
[0020]

<Application example of hollow fiber membrane module>

An application example of a hollow fiber membrane module 10 according to
the present embodiment will be described. The hollow fiber membrane module 10
according to the present embodiment can be applied as a humidifier or a
dehumidifier. This point will be briefly explained. The hollow fiber membrane
module 10 has a plurality of hollow fiber membranes 200 inside a case 100. The
hollow fiber membrane module 10 is configured such that a flow path passing
through the outside of the plurality of hollow fiber membranes 200 and a flow path
passing through the inside of the membrane are formed. With such a configuration,
for example, by supplying a wet gas to the outside of the hollow fiber membranes
200 and supplying a dry gas to each hollow inside of the plurality of hollow fiber

membranes 200, the moisture in the wet gas moves to the dry gas side due to the
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membrane separation action of the hollow fiber membranes 200. Therefore, the dry
gas is humidified and the wet gas is dehumidified, and thus the hollow fiber
membrane module can be used as both a humidifier and a dehumidifier.

[0021]

The hollow fiber membrane module 10 according to the present embodiment
can be suitably used as a humidifier for humidifying an electrolyte membrane
provided in a fuel cell. In this case, wet air generated in the fuel cell is used as the
wet gas. The humidified gas (air) is supplied to the electrolyte membrane provided
in the fuel cell, and thus the electrolyte membrane is maintained in a wet state.
Here, as a material of the hollow fiber membrane 200, for example,
polyphenylsulfone (PPSU) having a property of causing moisture to permeate
therethrough by a capillary condensation mechanism due to the control of a pore size
can be preferably used. Spinning is performed using a membrane-forming solution
obtained by adding the PPSU and a hydrophilic polymer (polyvinyl porrolidone) to a
solvent when the membrane-forming solution (a raw material of the hollow fiber
membrane) is adjusted, and thus the hollow fiber membrane having hydrophilicity
can be obtained. In addition, Nafion (a registered trademark) which is a hydrophilic
material having a property of causing moisture to permeate therethrough by
dissolution and diffusion can also be used. The materials described above have a
low elution property and a high strength, and therefore can be suitably used for
humidifiers and dehumidifiers.
[0022]

<Hollow fiber membrane module>

The hollow fiber membrane module 10 according to the present embodiment

will be described in more detail. The hollow fiber membrane module 10 includes a
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case 100, a plurality of hollow fiber membranes 200 arranged inside the case 100,
and a pair of sealing and fixing portions 310 and 320. The case 100 accommodates
the plurality of hollow fiber membranes 200 and has a case main body 110 made of a
resin and having openings at both ends.
[0023]

The case main body 110 includes a pair of substantially flat plate portions 111
and 112 and a pair of curved portions 113 and 114 connecting both sides of the pair
of substantially flat plate portions 111 and 112. The case main body 110 is formed
of a member of which a cross-sectional shape perpendicular to a direction from one
end side to the other end side of the case main body 110 is an oval shape. At least
ohe (in the present embodiment, a plurality of) through hole 111a or 112a through
which a fluid passes is provided in each of the pair of substantially flat plate portions
111 and 112. Further, in the case main body 110, a reinforcement portion 115 that
connects a pair of facing wall surfaces of inner wall surfaces for accommodating the
plurality of hollow fiber membranes 200 is integrally provided on the pair of wall
surfaces. More specifically, this reinforcement portion 115 is provided to connect
the inner wall surfaces of the pair of curved portions 113 and 114. The
reinforcement portion 115 is provided in a center (a partial region including the
center) between one end side and the other end side of the case main body 110 and
in a center (a partial region including the center) between the pair of substantially flat
plate portions 111 and 112 of the case main body 110. The case main body 110
formed as described above can be molded with a mold using a resin material such as
polysulfone (PSU), polyphenylene sulfide (PPS), and polyphthalamide (PPA).
Therefore, the pair of substantially flat plate portions 111 and 112, the pair of curved

portions 113 and 114, and the reinforcement portion 115 are integrated.
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[0024]

Further, the case 100 includes a first fixing member 120 and a second fixing
member 130 fixed to both ends of the case main body 110 and a pair of third fixing
members 140 and fourth fixing member 150 provided to cover the pair of
substantially flat plate portions 111 and 112. A method of fixing the first fixing
member 120, the second fixing member 130, the third fixing member 140, and the
fourth fixing member 150 to the case main body 110 is not particularly limited, and
various known fixing methods such as screw fastening can be employed. Further,
the first fixing member 120, the second fixing member 130, the third fixing member
140, and the fourth fixing member 150 can also be formed of a resin material (a resin
molded product).

[0025]

The first fixing member 120 and the second fixing member 130 are provided
with pipe portions 121 and 131 each of which serves as an inlet or an outlet for a fluid
flowing through the inside (the hollow inside) of the hollow fiber membrane 200.
Further, the third fixing member 140 and the fourth fixing member 150 are provided
with pipe portions 141 and 151 each of which serves as an inlet or an outlet for a fluid
flowing outside the hollow fiber membrane 200. The third fixing member 140 and
the fourth fixing member 150 are fixed to the case main body 110 such that one of
the pipe portions 141 and 151 is arranged on one end side of the case main body
110 and the other the pipe portions 141 and 151 is arranged on the other end side of
the case main body 110.

[0026]
The pair of sealing and fixing portions 310 and 320 is formed to seal a gap

between the hollow fiber membranes in a state where the hollow inside of each

Date Regue/Date Received 2023-09-21



CA 03214464 2023-09-21

P220785WOCA
hollow fiber membrane 200 is kept open and to fix the plurality of hollow fiber
membranes 200 to case 100 on both end sides of the case 100. The pair of sealing
and fixing portions 310 and 320 are obtained by curing a potting material such as
epoxy resin.

[0027]

An example of a case where the hollow fiber membrane module 10 formed as
described above is applied as a humidifier or a dehumidifier will be described with
reference to Fig. 3. For example, when a wet gas is supplied from the pipe portion
141 of the third fixing member 140 to the inside of the case 100 (an arrow T0), the
wet gas passes through the outside of the hollow fiber membrane 200 and flows out
of the case 100 from the tube portion 151 of the fourth fixing member 150 (an arrow
T1). Further, when a dry gas is supplied from the pipe portion 121 of the first fixing
member 120 to the inside of the case 100 (a dotted line arrow S0), the dry gas is
supplied from the sealing and fixing portion 310 on the one end side to each hollow
inside of the plurality of hollow fiber membranes 200 and flows through the inside of
each of the hollow fiber membranes 200. After that, the dry gas is discharged from
the sealing and fixing portion 320 on the other end side and flows out of the case 100
from the pipe portion 131 of the second fixing member 130 (an arrow S1). In the
above process, due to the membrane separation action of the hollow fiber
membranes 200, the moisture in the wet gas moves to the dry gas side, the dry gas
is humidified, and the wet gas is dehumidified.

[0028]
<Excellent points of hollow fiber membrane module according to the present

embodiment>

10
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According to the hollow fiber membrane module 10 of the present
embodiment, since the case main body 110 is provided with the reinforcement
portion 115, even if a fluid pressure in the case main body becomes high, it is
possible to suppress the deformation of the case main body 110. Therefore, it is
possible to suppress deterioration in sealing performance and suppress the leakage
of the fluid. As a result, it is possible to suppress deterioration in humidification
performance and dehumidification performance. In addition, even in a case where
the case 100 is required to be large, it is possible to manufacture the case main body
110 by mold molding with a resin, and thus it is possible to reduce the cost compared
to the case where the case main body 110 is manufactured by cutting a metal
material.

[0029]

Further, the reinforcement portion 115 according to the present embodiment is
provided in a center between one end side and the other end side of the case main
body 110 and in a center between the pair of substantially flat plate portions 111 and
112 of the case main body 110. By employing such a configuration, it is possible to
suppress a decrease in the number of hollow fiber membranes 200 to be
accommodated in the case main body, it is possible to suppress the obstruction of
the flow of the fluid flowing outside the hollow fiber membranes 200, and it is possible
to effectively suppress the deformation of the case main body 110.

[Reference Signs List]

[0030]

10  Hollow fiber membrane module
100 Case

110 Case main body

11
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111, 112 Flat plate portion
111a, 112a Through hole
113, 114 Curved portion
115 Reinforcement portion
120  First fixing member
121 Pipe portion
130 Second fixing member
131  Pipe portion
140  Third fixing member
141 Pipe portion
150 Fourth fixing member
151 Pipe portion
200 Hollow fiber membrane

310, 320 Sealing and fixing portion

12

Date Regue/Date Received 2023-09-21



CA 03214464 2023-09-21

P220785WOCA
[CLAIMS]
[Claim 1]

A hollow fiber membrane module comprising:

a plurality of hollow fiber membranes;

a case that accommodates the plurality of hollow fiber membranes and has a
case main body made of a resin and having openings at both ends thereof; and

a pair of sealing and fixing portions that seal a gap between the hollow fiber
membranes in a state, where a hollow inside of each of the hollow fiber membranes
is kept open, and fix the plurality of hollow fiber membranes to the case on both end
sides of the case,

wherein, in the case main body, a reinforcement portion that connects a pair of
facing wall surfaces of inner wall surfaces for accommodating the plurality of hollow
fiber membranes is integrally provided on the pair of wall surfaces.

[Claim 2]

The hollow fiber membrane module according to claim 1, wherein the
reinforcement portion is provided in a center between one end side and another end
side of the case main body.

[Claim 3]

The hollow fiber membrane module according to claim 1 or 2, wherein the
case main body includes a pair of substantially flat plate portions each provided with
at least one through hole, through which a fluid passes, and a pair of curved portions
connecting both sides of the pair of substantially flat plate portions, and is formed of a
member, the cross-sectional shape of which perpendicular to a direction from one

end side to the other end side of the case main body is an oval shape, and
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the reinforcement portion is provided to connect inner wall surfaces of the pair
of curved portions.
[Claim 4]
The hollow fiber membrane module according to claim 3, wherein the
reinforcement portion is provided in a center between the pair of substantially flat

plate portions of the case main body.
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[Fig. 2]
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[Fig. 4]
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[Fig. 5]
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