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ABSTRACT

Technologies directed to a hollow fiber membrane cartridge-type humidification
module are described. The module includes a housing; hollow fiber membrane cartridges
fitted to ends of hollow fiber membrane bundles, which are inserted into the housing; a
sectioning unit provided inside the housing to section the hollow fiber membrane bundles;
and a potting portion to fix both the hollow fiber membrane cartridges and the hollow fiber
membrane bundles in the housing. Ends of the hollow fiber membrane cartridges are inserted
in respective insertion spaces inside the sectioning unit. The described technologies enable
fabrication of a housing according to the type and number of the commonly used hollow fiber
membrane cartridges and can be expanded to products with various capacities, efficiency can
be improved given the type, number, and size ratio of the hollow fiber membrane cartridges,

and simple potting can reduce the manufacturing time and cost.
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[DESCRIPTION]

[Invention Title]

HOLLOW FIBER MEMBRANE CARTRIDGE-TYPE
HUMIDIFICATION MODULE AND METHOD FOR MANUFACTURING

SAME

[Technical Field]

The present invention relates to a hollow fiber membrane cartridge-type
humidification module and a method for manufacturing the same, and more
particularly, to a hollow fiber membrane cartridge-type humidification module and a
method for manufacturing the same in which commonly used hollow fiber
membrane cartridges are inserted into and integrated with a housing, whereby
products having a greater variety of capacities may be realized, the efficiency of use
of the hollow fiber membrane cartridges may be increased, and the manufacturing

time and cost may be reduced via simplified potting.

[Background Art}

A fuel cell is an electricity generation cell that generates electricity via a
reaction involving hydrogen and oxygen. Such a fuel cell has advantages in that it
may continuously generate electricity as long as oxygen and hydrogen are supplied,
unlike general chemical cells such as, for example, a battery or a storage battery, and
in that it has no thermal loss and is twice as efficient as an internal combustion
engine. In addition, the fuel cell entails low emission of pollutants because it
directly converts chemical energy produced via the reaction of hydrogen and oxygen
into electricity.  Accordingly, the fuel cell has advantages in that it is
environmentally friendly and is capable of reducing the risk of resource depletion

due to increased energy consumption. Fuel cells may be broadly classified,
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according to the type of electrolyte used therein, into a polymer electrolyte
membrane fuel cell (PEMFC), a phosphoric acid fuel cell (PAFC), a molten
carbonate fuel cell (MCFC), a solid oxide fuel cell (SOFC), and an alkali fuel cell
(AFC), for example. These respective fuel cells basically operate on the same
principle, but differ in, for example, the type of fuels used, the operating
temperatures thereof, catalysts and electrolytes. Among the aforementioned fuel
cells, the polymer electrolyte membrane fuel cell is known to be the most promising
in small-scale stationary power generation equipment as well as transportation
systems because it operates at a lower temperature than other fuel cells and may be
reduced in size owing to a large output density thereof.

One of the most important factors to improve the performance of the
polymer electrolyte membrane fuel cell is to allow a polymer electrolyte membrane
or a proton exchange membrane (PEM) of a membrane-electrode assembly (MEA)
to maintain a constant percentage of moisture content by supplying bat least
predetermined amount of moisture thereto. This is because electricity generation
efficiency is rapidly deteriorated when the polymer electrolyte membrane is dried.
Examples of methods of humidifying the polymer electrolyte membrane may
include a bubbler humidification method of supplying moisture by passing a subject
gas via a diffuser after a pressure vessel is filled with water, a direct injection
method of calculating the supply amount of moisture required for a fuel cell reaction
and directly supplying moisture to a gas flow pipe through a solenoid valve, and a
humidification membrane method of supplying moisture to a gas flow layer using a
polymer separation membrane.  Among these methods, the humidification
membrane method of humidifying a polymer electrolyte membrane by supplying
water vapor to gas supplied to the polymer electrolyte membrane using a membrane
that selectively permeates only water vapor contained in exhaust gas is advantageous
in terms of a reduction in weight and size.

The selective permeation membrane used in the humidification membrane
method may be a hollow fiber membrane having a large permeation area per unit
volume when it forms a module. That is, when a humidifier is manufactured using

a hollow fiber membrane, a hollow fiber membrane having a wide contact surface
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area may be highly integrated, thus realizing sufficient humidification of a fuel cell
even for a small volume thereof. In addition, low-cost materials are available, and
moisture and heat contained in high-temperature unreacted gas, discharged from the
fuel cell, may be collected to thereby be reused via the humidifier.

However, in the case of a conventional hollow fiber membrane module,
when a plurality of hollow fiber membranes is integrated in order to increase the
capacity of the module, a gas stream moving outward from the hollow fiber
membranes may not be uniformly formed due to inconsistent resistance caused by
the hollow fiber membranes. A technique of or increasing the capacity by splitting
a hollow fiber membrane bundle or forming a unit module in a cartridge shape has
been used in order to overcome the problem described above. However, this
technique may cause an increase in the manufacturing cost because the time required
to manufacture an individual cartridge module is too long, or may increase variation

in quality due to poor workability when the bundle is split.

[Prior Art Document]

Korean Patent Laid-Open Publication No. 2011-0109814 (Publication Date:
06.10.2011)

Korean Patent Laid-Open Publication No. 2012-0074507 (Publication Date:
06.07.2012)

Korean Patent Laid-Open Publication No. 2013-0034404 (Publication Date:
05.04.2013)

[Disclosure]

[ Technical Problem]

Therefore, the present invention has been made in view of the above
problems, and it is one object of the present invention to provide a hollow fiber
membrane cartridge-type humidification module and a method for manufacturing

the same in which a plurality of commonly used hollow fiber membrane cartridges
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are inserted into and integrated with a housing, whereby products having a greater
variety of capacities may be realized, the efficiency of use of the hollow fiber
membrane cartridges may be increased, and the manufacturing time and cost may be

reduced via simplified potting.

[ Technical Solution]}

In accordance with an aspect of the present invention, the above and other
objects can be accomplished by the provision of a hollow fiber membrane
cartridge-type humidification module including a housing, commonly used hollow
fiber membrane cartridges fitted to both ends of a plurality of hollow fiber
membrane bundles, which are inserted into the housing in a longitudinal direction
of the housing, a sectioning unit provided inside the housing so as to section the
hollow fiber membrane bundles, and a potting portion configured to perform
potting of the commonly used hollow fiber membrane cartridges and the hollow
fiber membrane bundles into the housing in a batch mode.

The hollow fiber membrane cartridge-type humidification module may
further include commonly used empty cartridges provided inside the housing so as
to be fitted into the sectioning unit with no hollow fiber membrane bundle and
undergo potting into the housing in a batch mode according to a humidification
capacity or humidification capability of the humidification module. Each
commonly used hollow fiber membrane cartridge may have a fluid passage formed
therein to allow a fluid to be easily introduced into the hollow fiber membrane
bundle.

The hollow fiber membrane bundle in each commonly used hollow fiber
membrane cartridge may include hollow fiber membranes within a range from 30
vol% to 60 vol% of an entire volume thereof.

The housing may have a circular, oval, or polygonal transverse cross-
sectional shape.

Each commonly used hollow fiber membrane cartridge may have a

circular, oval, or polygonal transverse cross-sectional shape. The hollow fiber
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membrane bundle in the commonly used hollow fiber membrane cartridge may have
a ratio of an equivalent diameter to a length thereof within a range from 1:2 to 1:10.

The commonly used empty cartridges may have a circular, oval or
polygonal shape and are closed to prevent a fluid from moving into an insertion
space in the sectioning unit.

In accordance with another aspect of the present invention, there is
provided a method of manufacturing a hollow fiber membrane cartridge-type
humidification module, including preparing commonly used hollow fiber membrane
cartridges to be fitted to both ends of hollow fiber membrane bundles,
manufacturing a housing having a sectioning unit configured to section the hollow
fiber membrane bundles after determining a capacity of the module according to the
shape and number of the commonly used hollow fiber membrane cartridges,
inserting and arranging the commonly used hollow fiber membrane cartridges and
the hollow fiber membrane bundles into the housing, and potting the arranged
commonly used hollow fiber membrane cartridges and the arranged hollow fiber
membrane bundles into the housing in a batch mode.

In the manufacturing, the sectioning unit may be integrally formed with

the housing, or is separately formed and assembled with the housing.

[ Advantageous Effects]

With a hollow fiber membrane cartridge-type humidification module and
a method for manufacturing the same according to the present invention, a plurality
of commonly used hollow fiber membrane cartridges are inserted into and integrated
with a housing, whereby the housing may be manufactured according to the shape
and number of commonly used hollow fiber membrane cartridges, which enables the
realization of products having a greater variety of capacities, and may increase the
efficiency of use of the commonly used hollow fiber membrane cartridges according
to the shape and number thereof and the size ratio thereof. In addition, by potting
the commonly used hollow fiber membrane cartridges and hollow fiber membranes

thereof in a batch mode, the manufacturing time and cost may be reduced via
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[ Description of Drawings]

FIG. 1 is an exploded perspective view of a portion of a hollow fiber
membrane cartridge-type humidification module according to a first embodiment of
the present invention.

FIG. 2 is a cross-sectional view (longitudinal cross-sectional view) taken
along arrows A-A in FIG. 1.

FIG. 3 is a perspective view illustrating a commonly used hollow fiber
membrane cartridge of FIG. 2.

FIG. 4 is a cross-sectional view (longitudinal cross-sectional view)
illustrating a hollow fiber membrane cartridge-type humidification module
according to a second embodiment of the present invention.

FIG. § is a perspective view illustrating a commonly used empty cartridge
of FIG. 4.

FIG. 6 is an exploded perspective view illustrating a portion of a hollow
fiber membrane cartridge-type humidification module according to a third
embodiment of the present invention.

FIG. 7 is a flowchart illustrating a manufacturing process of the hollow
fiber membrane cartridge-type humidification module according to the embodiment
of the present invention.

FIG. 8 is a transverse cross-sectional view of a conventional hollow fiber

membrane module.

[Mode for Invention]

Hereinafter, the embodiments of the present invention will be described in
detail with reference to the accompanying drawings so as to allow those skilled in
the art to easily implement the present invention. However, the present invention

may be modified in various ways and is not limited to the embodiments described
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FIG. 1 is an exploded perspective view of a portion of a hollow fiber
membrane cartridge-type humidification module according to a first embodiment of
the present invention, FIG. 2 is a cross-sectional view (longitudinal cross-sectional
view) taken along arrows A-A in FIG. 1, and FIG. 3 is a perspective view
illustrating a commonly used hollow fiber membrane cartridge of FIG. 2. As
illustrated, the hollow fiber membrane cartridge-type humidification module 100
according to the first embodiment includes a housing 110, commonly used hollow
fiber membrane cartridges 120, a sectioning unit 130, potting portions 140, and
covers 150.

The housing 110 and the covers 150 may define the external appearance of
the humidification module 100, and may be formed of a hard plastic, such as for
example polycarbonate, or a metal. In addition, the housing 110 and the covers
150 may have a polygonal cross-sectional shape in the width direction, as illustrated
in FIG. 1, or may have a circular cross-sectional shape, as illustrated in FIG. 6.
The polygonal shape may be, for example, a rectangular shape, a square shape, a
trapezoidal shape, a parallelogram shape, a pentagonal shape, or a hexagonal shape,
and may have rounded corners. In addition, the circular shape may be an oval
shape.

The housing 110 is provided at one end thereof with an introduction port
111, into which a humidification fluid is supplied, and is also provided at the other
end thereof with a discharge port 112, from which the humidification fluid that has
been used to humidify the inside is discharged. The covers 150 are assembled to
both ends of the housing 110.

The commonly used hollow fiber membrane cartridges 120 are fitted into
opposite ends of a plurality of hollow fiber membrane bundles 160, which are
inserted into the housing 110 in the longitudinal direction of the housing. Each of
the commonly used hollow fiber membrane cartridges 120 has a structure in which a
plurality of fluid passages 122 are formed in the outer surface of one end of a body
121 having open opposite sides, and allows the fluid to be easily introduced into the

space between hollow fiber membranes 161 of the hollow fiber membrane bundle

Date regue / Date received 2021-11-02
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160 through the fluid passages 122. In addition, the hollow fiber membrane
cartridge is assembled so that some of the fluid passages 122 are located toward the
potting portion 140, which enables easy potting of the commonly used hollow fiber
membrane cartridge 120.

Although the commonly used hollow fiber membrane cartridge 120 has a
rectangular transverse cross-sectional shape in the present embodiment, it may have
a circular shape, an oval shape, or any other polygonal shape, and may have rounded
corners when it has a polygonal shape. The ratio of the equivalent diameter to the
length of the hollow fiber membrane bundle inside the commonly used hollow fiber
membrane cartridge may range from 1:2 to 1:10. The equivalent diameter is the
diameter that is required to change, for example, the surface area of a polygon that is
brought into contact with a fluid into a circular shape having the same size. The
equivalent diameter is used to calculate a flow friction, flow-rate or heat transfer
based on a circular pipe. The equivalent diameter may be calculated via a known
method according to a polygonal shape or various other shapes.

The sectioning unit 130 is provided inside the housing 110 and sections the
hollow fiber membrane bundles 160. The sectioning unit 130 may be integrally
formed with the housing 110, or may be separately formed and assembled with the
housing 110. The hollow fiber membrane bundles 160 are inserted into respective
insertion spaces inside the sectioning unit 130.

The potting portions 140 fill voids between the hollow fiber membranes
161 while binding the hollow fiber membranes 161 of the hollow fiber membrane
bundles 160 in the ends (the fluid passage side) of the commonly used hotlow fiber
membrane cartridges 120, and are also brought into contact with the inner surfaces
of both ends of the housing 110 so as to hermetically scal the housing 110. The
material of the potting portions 140 is known, and thus a detailed description thereof
will be omitted herein.

The potting portions 140 are formed inside the respective ends of the
housing 110 so that the hollow fiber membrane bundles 160 inside the hollow fiber
membrane cartridges 120 are fixed at both ends thereof to the housing 110.

Thereby, both ends of the housing 110 are clogged by the potting portions 140 so
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that a flow path for passage of a humidification fluid is formed inside the housing.
In the present invention, the commonly used hollow fiber membrane cartridges 120
and the hollow fiber membrane bundles 160 are subjected to potting in the housing
110 in a batch mode.

The covers 150 are coupled to the respective ends of the housing 110.
Each cover 150 is provided with a fluid inlet/outlet hole 151. A hydraulic fluid that
is introduced into the fluid inlet/outlet hole 151 of one cover 150 is humidified while
passing through the inner paths of the hollow fiber membranes 161 of the hollow
fiber membrane bundles 160, and is discharged from the fluid inlet/outlet hole 151
of the other cover 150.

The multiple hollow fiber membrane bundles 160 are inserted into and
arranged in the insertion spaces inside the sectioning unit 130 according to the
capacity of the humidification module 100. The hollow fiber membranes 161 of
the hollow fiber membrane bundles 160 selectively permeate moisture. The
material of the hollow fiber membranes 161 is known, and thus a detailed
description thereof will be omitted herein. The hollow fiber membrane bundle 160
may include the hollow fiber membranes 161 within a range from 30 vol% to 60
vol% of the entire volume thereof.

FIG. 4 is a cross-sectional view (longitudinal cross-sectional view)
illustrating a hollow fiber membrane cartridge-type humidification module 200
according to a second embodiment of the present invention, and FIG. 5 is a
perspective view illustrating a commonly used empty cartridge of FIG. 4. As
illustrated, commonly used empty cartridges 170 may be additionally provided
inside the housing 110 so as to be fitted into the sectioning unit 130 with no hollow
fiber membrane bundle and undergo potting into the housing in a batch mode
according to the humidification capacity or humidification capability of the
humidification module.

The commonly used empty cartridge 170 has a circular shape, an oval
shape or a polygonal shape, and is closed to prevent a fluid from moving into the
insertion spaces inside the sectioming unit 130. The commonly used empty

cartridge 170 of the second embodiment has the shape of a rectangular vessel that
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conforms to the insertion space inside the sectioning unit 130. The insertion space
inside the sectioning unit 130, into which the commonly used empty cartridge 170 is
inserted, is empty. The remainder of the configuration of the second embodiment
is identical to the first embodiment, and is designated by the same reference
numerals, and a detailed description thereof will be omitted.

FIG. 6 is an exploded perspective view illustrating a portion of a hollow
fiber membrane cartridge-type humidification module according to a third
embodiment of the present invention. As illustrated, the hollow fiber membrane
cartridge-type humidification module 300 according to the third embodiment
includes a housing 310, commonly used hollow fiber membrane cartridges 320, a
sectioning unit (not illustrated), potting portions 340, covers 350, and hollow fiber
membrane bundles 360 formed by binding hollow fiber membranes 361. The
hollow fiber membrane cartridge-type humidification module 300 of the third
embodiment has a cylindrical shape, and the remainder of the configuration is
similar to the first embodiment, and thus a detailed description thereof will be
omitted.

The hollow fiber membrane cartridge-type humidification module
according to the embodiment of the present invention having the above-described
configuration, as illustrated in FIG. 7, is completed via a commonly used hollow
fiber membrane cartridge preparation step S110, a housing manufacturing step S120,
a cartridge arrangement step S130, a cartridge potting step S140, and a cover
assembly step S150.

The commonly used hollow fiber membrane cartridge preparation step
S110 is the step of preparing a plurality of commonly used hollow fiber membrane
cartridges 120, which are manufactured via a known method such as, for example,
injection molding, extrusion molding, or any other type of processing. The
housing manufacturing step S120 is the step of manufacturing the housing 110
having the sectioning unit 130, which sections the hollow fiber membrane bundles
160, after determining the capacity of the module according to the shape and number
of the commonly used hollow fiber membrane cartridges 120. The cartridge

arrangement step S130 is the step of inserting and arranging the commonly used
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hollow fiber membrane cartridges 120 and the hollow fiber membrane bundles 160
into the sectioning unit 130 inside the housing 110. The cartridge potting step
S140 is the step of potting the arranged commonly used hollow fiber membrane
cartridges 120 and the arranged hollow fiber membrane bundles 160 into the
housing 110 in a batch mode. The cover assembly step S150 is the step of
assembling the covers 150 with both ends of the housing 110 in which the
commonly used hollow fiber membrane cartridges 120 and the hollow fiber
membrane bundles 160 have undergone potting.

The commonly used hollow fiber membrane cartridges 120 and the housing
110 may be manufactured and prepared via a separate process. In the housing
manufacturing step S120, the sectioning unit 130 may be integrally manufactured
with the housing 110. In addition, in the housing manufacturing step S120, the
sectioning unit 130 may be separately manufactured and then assembled with the
housing 110.

With the method for manufacturing hollow fiber membrane cartridge-type
humidification module described above, the commonly used hollow fiber
membrane cartridges are inserted into and integrated with the housing, whereby the
housing may be manufactured according to the shape and number of commonly used
hollow fiber membrane cartridges, which enables the realization of products having
a greater variety of capacities, and may increase the efficiency of use of the
commonly used hollow fiber membrane cartridges according to the shape and
number thereof and the size ratio thereof. In addition, by potting the commonly
used hollow fiber membrane cartridges and hollow fiber membranes thereof in a
batch mode, the manufacturing time and cost may be reduced via simplified potting.

Hereinafter, the configuration and effects of the present invention will be
described in more detail via examples in which the humidification modules were
manufactured according to the embodiment of the present invention, comparative
examples, and an experimental example. These examples are given to exemplify
the present invention, and the following description is not limited by the examples.

[Example: Manufacture of Humidification Module]

(Comparative Example 1)
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After 12 cartridges, acquired by dividing 4200 polysulfone hollow fiber

membranes (having an outer diameter of 900 pm and an inner diameter of 800 pm)

into 12 bundles (each having 350 hollow fiber membranes), were each potted, the 12
potted cartridges were placed inside a polygonal housing (having a width of 250
mm, a height of 150 mm and a length of 300 mm), and both ends of the housing
were potted.  Thereafter, when the ends of the housing were covered with covers, a
humidification module was manufactured.

(Comparative Example 2)

As illustrated in FIG. 8, a bundle 421 of 6000 polysulfone hollow fiber
membranes (having an outer diameter of 900 pm and an inner diameter of 800 pm)

was placed to form a single module 420 inside a polygonal housing 410 (having a
width of 250 mm, a height of 150 mm, and a length of 300 mm).

Both ends of the housing were covered with caps that are used to form
potting portions, and a potting composite was injected into and cured in the space in
the hollow fiber membrane bundle and the space between the hollow fiber
membrane bundle and the housing so as to form a seal.  After the caps that are used
to form potting portions were removed, ends of the cured hollow fiber membrane
potting composite were cut so that ends of the hollow fiber membrane bundle are
revealed from the cut portions so as to form potting portions. Thereafter, when
both ends of the housing were covered with covers, a humidification module was
manufactured.

(Example 1)

4800 polysulfone hollow fiber membranes (having an outer diameter of 900
pm and an inner diameter of 800 pm) were divided into 12 bundles (each having 400

polysulfone hollow fiber membranes), and commonly used hollow fiber membrane
cartridges were inserted into both ends of the respective bundles. Then, the
cartridges were inserted into and placed in insertion spaces of a sectioning unit

provided inside a polygonal housing (having a width of 250 mm, a height of 150
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mm and a length of 300 mm) (See FIG. 1).

Both ends of the housing were covered with caps that are used to form
potting portions, and a potting composite was injected into and cured in the space
between the hollow fiber membrane bundles and the space between the hollow fiber
membrane bundles and the housing so as to form a scal. After the caps that are
used to form potting portions were removed, ends of the cured hollow fiber
membrane potting composite were cut so that ends of the hollow fiber membrane
bundles are revealed from the cut portions so as to form potting portions.
Thereafter, when both ends of the housing were covered with covers, a
humidification module was manufactured.

(Example 2)

4200 polysulfone hollow fiber membranes (having an outer diameter of 900
ym and an inner diameter of 800 pm) were divided into 12 bundles (each having 350

polysulfone hollow fiber membranes), and commonly used hollow fiber membrane
cartridges were inserted into both ends of the respective bundles. Then, the
cartridges were inserted into and placed in insertion spaces of a sectioning unit
provided inside a polygonal housing (having a width of 250 mm, a height of 150
mm and a length of 300 mm) (See FIG. 1).

Both ends of the housing were covered with caps that are used to form
potting portions, and a potting composite was injected into and cured in the space
between the hollow fiber membrane bundles and the space between the hollow fiber
membrane bundles and the housing so as to form a seal. After the caps that are
used to form potting portions were removed, ends of the cured hollow fiber
membrane potting composite were cut so that ends of the hollow fiber membrane
bundles are revealed from the cut portions so as to form potting portions.
Thereafter, when both ends of the housing were covered with covers, a
humidification module was manufactured.

[Experimental Example: Measurement of Performance of Manufactured
Humidification Module]

Dry air was introduced at a flow rate of 50 g/sec to the inside and the
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outside of the hollow fiber membranes of the humidification modules manufactured

in the examples and the comparative examples. Then, in the state in which the
outside of the hollow fiber membranes was kept at a temperature of 70°C and a
humidity of 90%, and the inside of the hollow fiber membranes was kept at a
temperature of 40°C and a humidity of 10%, gas-gas humidification was performed.

The humidification performance was measured by measuring the
temperature and humidity of the humidified air moving through the hollow fiber
membranes at the outlet at which the humidified air is discharged and converting the
measured values into a dew point, and the results thereof were illustrated in Table 1
in conjunction with the number of potting times.

Table 1

Classification Comparative Comparative Example 1 Example 2
Example 1 Example 2

Number of
humidification 4200 6000 4800 4200
membranes

Humidification
performance 52 43 52 54
(outlet dew point)

Number of
manufacture 12 1 1 1
times of modules
(number of
potting times)

Referring to FIG. 1, it can be found that the humidification modules
manufactured in Example 1 and Example 2 have a reduced number of potting times
and more simplified potting compared to Comparative example 1, and achieve a
reduced number of humidification membranes and higher humidification
performance compared to Comparative example 2.

Although the embodiment of the present invention has been described
above, modifications and variations of the present invention can be made via
additions, modifications and omission of constituent elements by those skilled in the
art without departing from the gist of the appended claims. Thus, it is intended that

the modifications and variations should not be understood independently of the
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technical sprit or prospect of the disclosure.

[Description of Reference Numerals]

100:
110:
112:
130:
150:
160:
170:

humidification module

housing 111: introduction port

discharge port 120: commonly used hollow fiber membrane cartridge
sectioning unit 140: potting portion

cover 151: fluid inlet/outlet hole

hollow fiber membrane bundle 161: hollow fiber membrane

commonly used empty cartridge
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CLAIMS
1. A hollow fiber membrane cartridge-type humidification module comprising;
ahousing;

hollow fiber membrane cartridges fitted to both ends of a plurality of hollow fiber

membrane bundles, which are inserted into the housing in a longitudinal direction of the
housing;

a sectioning unit provided inside the housing so as to section the hollow fiber
membrane bundles; and

a potting portion configured to fix both the hollow fiber membrane cartridges and
the hollow fiber membrane bundles in the housing,

wherein one ends of the hollow fiber membrane cartridges are inserted in respective

insertion spaces inside the sectioning unit.

2. The module according to claim 1, further comprising empty cartridges provided
inside the housing so as to be fitted in the sectioning unit with no hollow fiber membrane bundle

and fixed in the housing by the potting portion.

3. The module according to claim 1, wherein each hollow fiber membrane cartridge has
a fluid passage formed therein to allow a fluid to be easily introduced into a corresponding

hollow fiber membrane bundle among the plurality of hollow fiber membrane bundles.
4. The module according to claim 1, wherein each of the plurality of hollow fiber
membrane bundles includes hollow fiber membranes within a range from 30 vol% to 60 vol%

of an entire volume thereof.

5. The module according to claim 1, wherein the housing has a circular, oval, or

polygonal transverse cross-sectional shape.

6. The module according to claim 1, wherein each hollow fiber membrane cartridge

has a circular, oval, or polygonal transverse cross-sectional shape.

Date regue / Date received 2021-11-02
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7. The module according to claim 6, wherein the hollow fiber membrane bundle in the
hollow fiber membrane cartridge has a ratio of an equivalent diameter to a length thereof within

arange from 1:2 to 1:10.

8. The module according to claim 2, wherein the empty cartridges have a circular, oval
or polygonal shape and are closed to prevent a fluid from moving into an insertion space in the

sectioning unit.

9. A method of manufacturing a hollow fiber membrane cartridge-type humidification
module, the method comprising;

preparing hollow fiber membrane cartridges to be fitted to both ends of hollow fiber
membrane bundles;

manufacturing a housing having a sectioning unit configured to section the hollow
fiber membrane bundles after determining a capacity of the module according to the shape and
number of the hollow fiber membrane cartridges;

inserting and arranging the hollow fiber membrane cartridges and the hollow fiber
membrane bundles into the housing in such a way that the hollow fiber membrane bundles and
one ends of the hollow fiber membrane cartridges are inserted into respective insertion spaces
inside the sectioning unit; and

potting the arranged hollow fiber membrane cartridges and the arranged hollow fiber

membrane bundles into the housing in a batch mode.

10. The method according to claim 9, wherein, in the manufacturing, the sectioning unit

is integrally formed with the housing, or is separately formed and assembled with the housing,
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