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ABSTRACT

Provided is a hollow fiber degassing module which includes a
hollow fiber membrane bundle obtained by bundling a plurality of
hollow fiber membranes in a cylindrical shape and a cylindrical body
receiving the hollow fiber membrane bundle and extending in an axial
direction and degasses a liquid by supplying the liquid to the outside of
the hollow fiber membrane and depressurizing the inside of the hollow
fiber membrane, in which a hollow fiber membrane packing ratio which
is a ratio of a sum of an apparent cross-sectional area of the hollow fiber
membrane with respect to an apparent cross-sectional area of the hollow

fiber membrane bundle is in a range of 43% or less.
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DESCRIPTION

Title of Invention

HOLLOW-FIBER DEGASSING MODULE AND INKJET PRINTER
Technical Field

[0001] The present invention relates to ’a hollow fiber degassing module
which degases a liquid and an inkjet printer which includes the hollow
fiber degassing module.

Background Art

[0002] An inkjet printer is a printing machine using a system in which
droplets of ink are directly sprayed onto a printing medium. In such an
inkjet printer, there is a possibility that a gas dissolved in the ink is
gasified due to a change in pressure inside an ink storage portion during
printing so that a nozzle is blocked. As a result, there is a risk that
printing quality is noticeably degraded. This risk becomes remarkable
in a long-term use and a high-speed operation. In order to solve such a
problem, it is effective to perform degassing to remove dissolved gas
and bubbles from the ink. As a method of effectively degassing the
ink, Patent Literature 1 discloses a method of continuously degassing
the ink by attaching a hollow fiber degassing module using a hollow
fiber membrane to an ink passage reaching an inkjet head from an ink
storage portion.

[0003] The hollow fiber degassing module disclosed in Patent
Literature 1 is an external perfusion type hollow fiber degassing module
and a hollow fiber membrane bundle obtained by bundling a plurality of

hollow fiber membranes is received in a cylindrical body. Then, the
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ink is supplied to the outside of the hollow fiber membrane and the
inside of the hollow fiber membrane is depressurized to degas the ink,
and the degassed ink 1s discharged from a discharge port formed in a
side wall of the cylindrical body.

Citation List

Patent Literature

[0004] Patent Literature 1: PCT International Publication No. WO
2007/063720

Summary of Invention

Technical Problem

[0005] In recent years, ceramic ink in which ceramic powder is
dispersed in an organic solvent has been used as ink used in an inkjet
printer. Incidentally, when the ceramic ink is degassed by the hollow
fiber degassing module of the related art, there is a case in which the
feeding of the ink fails in a few days. Here, as a result of examination
of such a reason, the inventors found that the pressure drop of the
hollow fiber degassing module suddenly increased with the degassing of
the ink so that the feeding of the ink failed.

[0006] Here, an aspect of the invention is to provide a hollow fiber
degassing module and an inkjet printer capable of suppressing a sudden
increase in pressure drop.

Solution to Problem

[0007] In order to attain the above-described object, the inventors
examined a reason why the pressure drop of the hollow fiber degassing
module increased. As a result, it was found that the hollow fiber

membrane was swollen by the ink so that a gap between the hollow
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fiber membranes was narrowed and the pressure drop of the hollow
fiber degassing module increased suddenly. Then, as a result of further
examination based on such finding, it was found that the hollow fiber
membrane packing ratio in the hollow fiber membrane bundle greatly
influenced a sudden increase in pressure drop of the hollow fiber
degassing module. Therefore, the invention has been contrived.

[0008] That is, a hollow fiber degassing module according to an aspect
of the invention includes a hollow fiber membrane bundle obtained by
bundling a plurality of hollow fiber membranes in a cylindrical shape
and a cylindrical body receiving the hollow fiber membrane bundle and
extending in an axial direction and degasses a liquid by supplying the
liquid to the outside of the hollow fiber membrane and depressurizing
the inside of the hollow fiber membrane, in which a hollow fiber
membrane packing ratio which is a ratio of a sum of an apparent
cross-sectional area of the hollow fiber membrane with respect to an
apparent cross-sectional area of the hollow fiber membrane bundle is in
a range of 43% or less.

[0008a] In one embodiment, there is provided a hollow fiber degassing
module which includes a hollow fiber membrane bundle obtained by
bundling a plurality of hollow fiber membranes in a cylindrical shape
and a cylindrical body receiving the hollow fiber membrane bundle and
extending in an axial direction and degasses a liquid by supplying the
liquid to the outside of the hollow fiber membrane and depressurizing
the inside of the hollow fiber membrane, wherein a hollow fiber
membrane packing ratio which is a ratio of a sum of an apparent

cross-sectional area of the hollow fiber membrane with respect to an
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apparent cross-sectional area of the hollow fiber membrane bundle is in
a range of 43% or less, wherein a gap is formed between the cylindrical
body and the hollow fiber membrane bundle, and wherein the hollow
fiber membrane bundle is eccentric with respect to the center axis of the
cylindrical body.

[0009] The hollow fiber degassing module according to an aspect of the
invention is of an external perfusion type in which a liquid is supplied to
the outside of the hollow fiber membrane and the inside of the hollow
fiber membrane is depressurized to degas the liquid. For this reason,
in the hollow fiber degassing module, the pressure drop of the liquid can
be suppressed to be low. Then, in the hollow fiber degassing module,
since the hollow fiber membrane packing ratio is 43% or less, it is
possible to ensure a gap fhrough which the liquid passes between the

hollow fiber membranes even when the hollow fiber membrane is

3a
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swollen by the liquid to be degassed. Here, the apparent
cross-sectional area of the hollow fiber membrane bundle is an area in
which a cross-section area defined by the inner peripheral surface of the
hollow fiber membrane bundle is removed from a cross-section area
defined by the outer peripheral surface of the hollow fiber membrane
bundle. The apparent cross-sectional area of the hollow fiber
membrane is an area of a cross-section area defined by the outer
peripheral surface of one hollow fiber membrane. Accordingly, it is
possible to suppress a sudden increase in pressure drop of the hollow
fiber degassing module.

[0010] In the hollow fiber degassing module, the hollow fiber
membrane packing ratio may be 20% or more.

[0011] In the hollow fiber degassing module, the hollow fiber
membrane may contain a material which is swollen by the liquid.

[0012] In the hollow fiber degassing module, the hollow fiber
membrane may contain polyolefin resin.

[0013] An inkjet printer according to an aspect of the invention is an
inkjet printer in which ink stored in an ink storage portion is supplied to
an inkjet head through an ink passage, and the above-described hollow
fiber degassing module is attached to the ink passage.

[0014] In the inkjet printer according to an aspect of the invention,
since the hollow fiber degassing module is attached to the ink passage,
it is possible to suppress the pressure drop of the ink in the ink passage
to be low and to degas the ink for a long period of time.

Advantageous Effects of Invention

[0015] According to an aspect of the invention, a sudden increase in
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pressure drop can be suppressed.
Brief Description of Drawings
[0016] Fig. 1 is a schematic configuration diagram of an inkjet printer
according to an embodiment.

Fig. 2 is a schematic cross-sectional view of a hollow fiber
degassing module according to the embodiment.

Fig. 3(a) and (b) are partially enlarged views of a hollow fiber
membrane bundle shown in Fig. 2.

Fig. 4 is a cross-sectional view taken along a line IV-IV shown
in Fig. 2.

Fig. 5(a), Fig. 5(b) and Fig. 5(c) are cross-sectional views of the
hollow fiber membrane bundle.

Fig. 6 is a partially enlarged view of the hollow fiber membrane
bundle shown in Fig. 5.

Fig. 7 is a schematic configuration diagram of a test circuit.

Fig. 8 is a diagram showing an experiment result immediately
after the circulation of ink in Experiment 1.

Fig. 9 is a diagram showing an experiment result after the
circulation of ink for 22 hours in Experiment 1.

Fig. 10 is a diagram showing an experiment result in Experiment
2.
Description of Embodiments
[0017] Hereinafter, a hollow fiber degassing module and an inkjet
printer of an embodiment will be described in detail with reference to
the drawings. The hollow fiber degassing module of the embodiment

is obtained by applying a hollow fiber degassing module of an aspect of

CA 2969309 2018-10-26



10

15

20

25

CA 02969309 2017-05-30

the invention to a hollow fiber degassing module for degassing ink.
Additionally, in all drawings, the same or corresponding parts are
denoted by the same reference numerals, and redundant description is
omitted.

[0018] Fig. 1 is a schematic configuration diagram of an inkjet printer
according to an embodiment. As shown in Fig. 1, an inkjet printer 11
according to the embodiment mainly includes an ink storage portion 12
which is an ink tank for storing ink, an inkjet head 13 which directly
sprays dropletized ink to a printing medium, a first ink supply pipe 14 to
which ink is supplied from the ink storage portion 12, a second ink
supply pipe 15 which supplies ink to the inkjet head 13, a hollow fiber
degassing module 1 according to the embodiment which is attached to
the first ink supply pipe 14 and the second ink supply pipe 15 and
degases ink, a suction pump 16 which is used for a vacuum suctioning
operation, and an intake pipe 17 which connects the suction pump 16
and the hollow fiber degassing module 1 to each other. Additionally,
the first ink supply pipe 14 and the second ink supply pipe 15 are ink
passages which reach the inkjet head 13 from the ink storage portion 12.
The ink used in the inkjet printer 11 is not particularly limited and
includes, for example, aqueous ink, UV ink, solvent ink, and ceramic
ink.

[0019] Fig. 2 is a schematic cross-sectional view of the hollow fiber
degassing module according to the embodiment. Fig. 3 is a partially
enlarged view of the hollow fiber membrane bundle shown in Fig. 2.
Fig. 4 is a cross-sectional view taken along a line IV-IV shown in Fig. 2.

As shown in TFigs. 1 to 4, the hollow fiber degassing module 1 includes
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a hollow fiber membrane bundle 3 in which a plurality of hollow fiber
membranes 2 are bundled in a cylindrical shape and a housing 4 which
receives the hollow fiber membrane bundle 3. The hollow fiber
degassing module 1 degases ink by supplying the ink to the outside of
the hollow fiber membrane 2 and depressurizing the inside of the
hollow fiber membrane 2. Additionally, in Fig. 4, the hollow fiber
membranes 2 are schematically depicted and are different from the
actual shapes.

{0020] The hollow fiber membrane 2 is a hollow fiber-shaped
membrane which allows the permeation of a gas but does not allow the
permeation of a liquid. The hollow fiber membrane 2 has a property
that the hollow fiber membrane is swollen by the ink. The material,
the membrane shape, and the membrane form, and the like of the
hollow fiber membrane 2 are not particularly limited. Examples of the
material of the hollow fiber membrane 2 include polyolefin-based resins
such as polypropylene and poly(4-methylpentene-1), silicon-based
resins such as polydimethylsiloxane and a copolymer thereof, and
fluorine-based resins such as PTFE and vinylidene fluoride. Examples
of the membrane shape (shape of the side wall) of the hollow fiber
membrane 2 include a porous membrane, a microporous membrane, and
a homogeneous membrane not having porosity (non-porous membrane).
As the membrane form of the hollow fiber membrane 2, for example, a
symmetrical ~ membrane  (homogeneous  membrane)  having
homogeneous chemical or physical structure of the whole membrane, an
asymmetric membrane (heterogencous membrane) in which the

chemical or physical structure of the membrane differs depending on the
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membrane portion.  The asymmetric membrane (heterogeneous
membrane) is a membrane having a non-porous dense layer and
porosity. In this case, the dense layer may be formed at anywhere in
the membrane so as to be located on a surface layer portion of the
membrane or the inside of the porous membrane. The heterogeneous
membrane includes a composite membrane having a different chemical
structure and a multilayered structure membrane such as a three-layered
structure.  In particular, since a heterogeneous membrane using
poly(4-methylpentene-1) resin includes a dense layer for blocking a
liquid, it is particularly desirable for degassing a liquid other than water,
for example, ink. In the case of a hollow fiber used for an external
perfusion type, it is desirable that the dense layer is formed on the outer
surface of the hollow fiber.

[0021] The hollow fiber membrane bundle 3 can be formed, for
example, by a hollow fiber membrane sheet (not shown) in which a
plurality of hollow fiber membranes 2 arc woven in the form of a reed.
In this case, for example, the hollow fiber membrane sheet is wound
around a cylindrical temporary core to be bundled into a cylindrical
shape, both end portions of the hollow fiber membrane sheet bundled in
a cylindrical shape are fixed, and the temporary core is extracted from
the hollow fiber membrane sheet of which both end portions are fixed.
Accordingly, the hollow fiber degassing module 1 without a center pipe
can be prepared in a membrane bundle hollow portion 3¢ located at the
center of the hollow fiber membrane bundle 3 in the radial direction.
In this case, the hollow fiber membrane bundle 3 is formed by, for

example, the hollow fiber membrane sheet having thirty to ninety
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hollow fiber membranes 2 per inch. Accordingly, even when the
center pipe 1s not provided in the membrane bundle hollow portion 3¢
located at the center of the hollow fiber membrane bundle 3 in the radial
direction, the ink can flow without any deviation.

[0022] The housing 4 includes a cylindrical body 5, a first lid portion 6,
and a second lid portion 7.

[0023] The cylindrical body 5 is a part which receives the hollow fiber
membraﬁe bundle 3. The cylindrical body 5 is formed in a cylindrical
shape extending in an axial direction L and both end portions of the
cylindrical body 5 are opened. The first lid portion 6 is attached to one
opening end portion 5a which is one opening end portion of the
cylindrical body 5 and the second lid portion 7 is attached to the other
opening end portion 5b which is the other opening end portion of the
cylindrical body 5. The first lid portion 6 and the second lid portion 7
can be attached to the cylindrical body 5 by, for example, threading,
fitting, adhering, or the like.

[0024] The first lid portion 6 is formed in a tapered shape to decrease in
diameter as it goes away from the cylindrical body 5. A front end
portion of the first lid portion 6 is provided with a supply port 6a which
supplies ink into the first lid portion 6. The supply port 6a is a
cylindrical opening and is formed on a center axis of the cylindrical
body 5. A connection portion 6b which is separably connected to the
first ink supply pipe 14 extends {rom the supply port 6a along the axial
direction L. The connection portion 6b is formed in a cylindrical
shape and the inner peripheral surface of the connection portion 6b is

provided with a female screw 6¢ into which the first ink supply pipe 14
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is threaded. Additionally, the connecction between the connection
portion 6b and the first ink supply pipe 14 is not limited to threading
and may be, for example, fitting.

[0025] The second lid portion 7 is formed in a tapered shape to
decrease in diameter as it goes away from the cylindrical body 5. A
front end portion of the second lid portion 7 is provided with an intake
port 7a which suctions a gas from the inside of the housing 4. The
intake port 7a is a cylindrical opening and is formed on the center axis
of the cylindrical body 5. A connection portion 7b which is separably
connected to the intake pipe 17 extends from the intake port 7a along
the axial direction L. The connection portion 7b is formed in a
cylindrical shape and the inner peripheral surface of the connection
portion 7b is provided with a female screw 7c¢ into which the intake pipe
17 is threaded. Additionally, the connection between the connection
portion 7b and the intake pipe 17 is not limited to threading and may be,
for example, fitting.

[0026] A side wall 5c¢ of the cylindrical body 5 is provided with a
discharge port 5d which discharges the ink from the inside of the
housing 4. The discharge port 5d is a cylindrical opening. The
discharge port 5d is formed near the other opening end portion 5b in
relation to the center in the axial direction L of the cylindrical body 5.
A connection portion Se which is separably connected to the second ink
supply pipe 15 extends from the discharge port 5d in a direction
orthogonal to the axial direction L. The connection portion Se is
formed in a cylindrical shape and the inner peripheral surface of the

connection portion Se is provided with a female screw 5f into which the
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second ink supply pipe 15 is threaded. Additionally, the connection
between the connection between the discharge port 5d and the second
ink supply pipe 15 is not limited to threading and may be, for example,
fitting.

[0027] The cylindrical body 5, the first lid portion 6, and the second lid
portion 7 are desirably formed of resin from the viewpoint of ease of
manufacturing. In this case, the cylindrical body 5, the first lid portion
6, and the second lid portion 7 can be manufactured by injection
molding. In consideration of a case where UV ink is used as the ink,
the cylindrical body 5, the first lid portion 6, and the second lid portion
7 desirably have a color that does not transmit ultraviolet light, for
example, black.

[0028] Then, one membrane bundle end portion 3a of the hollow fiber
membrane bundle 3 is fixed to one opening end portion 5a of the
cylindrical body 5 by a sealing portion 8 and the other membrane
bundle end portion 3b of the hollow fiber membrane bundle 3 is fixed to
the other opening end portion 5b of the cylindrical body 5 by a sealing
portion 9.

[0029] The sealing portion 8 is formed of resin.  As the resin used in
the sealing portion 8, for example, epoxy resin, urethane resin,
ultraviolet curable resin, and polyolefin resin such as polyethylene and
polypropylene can be exemplified. The sealing portion 8 is charged to
an entire area other than the membrane bundle hollow portion 3¢ in a
cross-section perpendicular to the axial direction L of the cylindrical
body 5. That is, the sealing portion 8 is only charged between the

hollow fiber membranes 2, into the hollow fiber membrane 2, and
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between the hollow fiber membrane bundle 3 and the inner wall of the
cylindrical body 5 (see Fig. 3(a)). Then, the sealing portion 8 is
provided with a communication port 8a which communicates the
membrane bundle hollow portion 3¢ with the outside of the cylindrical
body 5. For this reason, the ink which is supplied from the supply port
6a into the first lid portion 6 is supplied into the cylindrical body 5 only
from the communication port 8a and is supplied to the outside of the
hollow fiber membrane 2 inside the cylindrical body 5.

[0030] The sealing portion 9 is formed of the same resin as that of the
sealing portion 8.. The sealing portion 9 is charged to an entire area
other than the inside of the hollow fiber membrane 2 in a cross-section
perpendicular to the axial direction L. of the cylindrical body 5. That
is, the sealing portion 9 is not charged into the hollow fiber membrane 2
and is charged only between the hollow fiber membranes 2, between the
hollow fiber membrane bundle 3 and the inner wall of the cylindrical
body 5, and into the membrane bundle hollow portion 3¢ (sce Fig. 3(b)).
For this reason, it 1s possible to prevent the ink which is supplied to the
cylindrical body 5 from flowing to the second lid portion 7 beyond the
sealing portion 9. Further, since the inside of the hollow fiber
membrane 2 communicates with the inside of the second lid portion 7,
the inside of the hollow fiber membrane 2 is depressurized when air is
suctioned from the intake port 7a by the suction pump 16.

[0031] The sealing portion 8 fixes one membrane bundle end portion 3a
of the hollow fiber membrane bundle 3 to the cylindrical body 5, for
example, so that the center axis of one membrane bundle end portion 3a

of the hollow fiber membrane bundle 3 matches the center axis of the
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cylindrical body 5. Further, the sealing portion 9 fixes the other
membrane bundle end portion 3b of the hollow fiber membrane bundle
3 to the cylindrical body 5, for example, so that the center axis of the
other membrane bundle end portion 3b of the hollow fiber membrane
bundle 3 matches the center axis of the cylindrical body 5.
Additionally, the sealing portion 9 may fix the other membrane bundle
end portion 3b of the hollow fiber membrane bundle 3 to the cylindrical
body 5, for example, so that the center axis of the other membrane
bundle end portion 3b of the hollow fiber membrane bundle 3 is
eccentric to the opposite side to the discharge port 5d with respect to the
center axis of the cylindrical body 5.

[0032] Additionally, a ratio between the inner diameter D of the
cylindrical body 5 and the length of the hollow fiber membrane bundle
3 in the axial direction L is desirably 1:1 to 1:6.

[0033] Here, a ratio of a sum A3 of an apparent cross-sectional area A2
of the hollow fiber membrane 2 with respect to an apparent
cross-sectional area Al of the hollow fiber membrane bundle 3 is set as
a hollow fiber membrane packing ratio R. Hereinafter, the hollow
fiber membrane packing ratio R will be described in detail. Fig. 5isa
cross-sectional view of the hollow fiber membrane bundle and shows
the same cross-section as that of Fig. 4. Fig. 6 is a partially enlarged
view of the hollow fiber membrane bundle shown in Fig. 5.
Additionally, in Fig. 5, the hollow fiber membranes 2 are schematically
depicted and are different from the actual shapes.

[0034] As shown in (a) of Fig. 5, the outer peripheral surface of the

hollow {iber membrane bundle 3 is set as an outer peripheral surface C1
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and a cross-section area defined by the outer peripheral surface Cl is set
as a cross-section area al. The cross-section area al is a hatched area
indicated by hatching in (a) of Fig. 5. Additionally, the outer
peripheral surface C1 is the outer peripheral surface forming the outer
shape of the hollow fiber membrane bundle 3, but since the hollow fiber
membrane bundle 3 is an aggregate of the plurality of hollow fiber
membranes 2, the outer peripheral surface C1 becomes a virtual
circumferential surface which comes into contact with the outside of the
plurality of hollow fiber membranes 2 disposed on the outermost layer
of the hollow fiber membrane bundle 3 in the radial direction. In this
case, one or the plurality of hollow fiber membranes 2 which are
released from the cylindrical hollow fiber membrane bundle 3 are
excluded from the plurality of hollow fiber membranes 2 disposed on
the outermost layer.

[0035] As shown in (b) of Fig. 5, the inner peripheral surface of the
hollow fiber membrane bundle 3 is set as an inner peripheral surface C2
and a cross-section area defined by the inner peripheral surface C2 is set
as a cross-section area a2. The cross-section area a2 is a hatched area
indicated by hatching in (b) of Fig. 5. Additionally, the inner
peripheral surface C2 is the outer peripheral surface defining the
membrane bundle hollow portion 3c, but the hollow fiber membrane
bundle 3 is an aggregate of the plurality of hollow fiber membranes 2.
For this reason, the inner peripheral surface C2 becomes a virtual
circumferential surface which comes into contact with the outside of the
plurality of hollow fiber membranes 2 disposed on the innermost layer

of the hollow fiber membrane bundle 3 in the radial direction. In this
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case, one or the plurality of hollow fiber membranes 2 which are

‘released from the cylindrical hollow fiber membrane bundle 3 are

excluded from the plurality of hollow fiber membranes 2 disposed on
the innermost layer.

[0036] As shown in (a), (b), and (c) of Fig. 5, an area obtained by
removing the cross-section area a2 from the cross-section area al is set
as a cross-section area a3. The cross-section area a3 is a hatched area
indicated by hatching in (c) of Fig. 5. Then, the area of the
cross-section area a3 becomes the apparent cross-sectional area Al of
the hollow fiber membrane bundle 3. r

[0037] As shown in Fig. 6, the outer periphéral surface of one hollow
fiber membrane 2 is set as an outer peripheral surface C3 and a
cross-section area defined by the outer peripheral surface C3 is set as a
cross-section arca a4. The cross-section area a4 is a hatched area
indicated by hatching in Fig. 6. That is, the cross-section area a4 is an
area obtained by adding the cross-section area of the membrane 2a of
the hollow fiber membrane 2 formed in a cylindrical shape and the
cross-section area of the hollow portion 2b of the hollow fiber
membrane 2. Then, the area of the cross-section area a4 becomes the
apparent cross-sectional arca A2. Then, when the number of the
hollow fiber membranes 2 forming the hollow fiber membrane bundle 3
is indicated by N, a value obtained by multiplying the apparent
cross-sectional area A2 by N becomes the sum A3 of the apparent
cross-sectional area A2 of the hollow fiber membrane 2. That is, the
sum A3 of the apparent cross-sectional area A2 of the hollow fiber

membrane 2 is calculated by the equation of A2xN. Further, a gap G
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between the hollow fiber membranes 2 of the hollow fiber membrane
bundle 3 is excluded from the sum A3 of the apparent cross-sectional
area A2 of the hollow fiber membrane 2.

[0038] For this reason, the hollow fiber membrane packing ratio R is
calculated by the equation of (A2xN)/Al. Then, in the hollow fiber
degassing module 1, the hollow fiber membrane packing ratio R which
is calculated in this way becomes in the range of 43% or less. In this
case, the hollow fiber membrane packing ratio R is more desirably in
the range of 40% or less and further desirably in the range of 38% or
less. When the hollow fiber membrane packing ratio R is set in the
range of 43% or less, it is possible to ensure a gap through which the ink
passes between the hollow fiber membranes 2 even when the hollow
fiber membrane 2 is swollen by the degassed ink. Accordingly, it is
possible to suppress a sudden increase in pressure drop of the hollow
fiber degassing module 1.

[0039] Further, the hollow fiber membrane packing ratio R is desirably
in the range of 20% or more, more desirably in the range of 25% or
more, and further desirably in the range of 30% or more. When the
hollow fiber membrane packing ratio R is set in the range of 20% or
more, it is possible to ensure a membrane area necessary for degassing
the ink. Accordingly, it is possible to suppress degradation in
degassing performance of the hollow fiber degassing module 1.

[0040] Next, an ink degassing method using the hollow fiber degassing
module 1 will be described.

[0041] The ink which is supplied from the ink storage portion 12 to the
first ink supply pipe 14 is supplied from the supply port 6a into the first

16
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1id portion 6. The ink which is supplied into the first lid portion 6 is
supplied to the membrane bundle hollow portion 3c through the
communication port 8a. The ink which is supplied to the membrane
bundle hollow portion 3¢ passes through a gap between the hollow fiber
membranes 2 forming the hollow fiber membrane bundle 3 and flows to
the outside of the cylindrical body 5 in the radial direction. That is, the
ink which is supplied to the membrane bundle hollow portion 3¢ is
supplied to the outside of the hollow fiber membrane 2 inside the
cylindrical body 5. At this time, when the suction pump 16 is operated
so that air inside the housing 4 is suctioned from the intake port 7a, the
inside of the hollow fiber membrane 2 is depressurized. Then, when
the ink passes between the hollow fiber membranes 2, dissolved gas and
air bubbles are drawn into the hollow fiber membranes 2 from the ink.
Accordingly, the ink is degassed. Then, the degassed ink flows from
the discharge port 5d into the second ink supply pipe 15 to be supplied
from the second ink supply pipe 15 to the inkjet head 13.

[0042] At this time, the hollow fiber membrane 2 is swollen by the ink
with the passage of time. Further, a gap between the hollow fiber
membranes 2 is narrowed as the hollow fiber membrane 2 is swollen
and the hollow fiber membrane 2 is bent in accordance with the flow of
the ink so that a gap through which the ink passes between the hollow
fiber membranes 2 is blocked. Then, since the ink passes through the
narrow gap between the hollow fiber membranes 2, the pressure drop of
the ink in the hollow fiber degassing module 1 increases. On the other
hand, the swelling of the hollow fiber membrane 2 is limited, and when

the ink flows through the hollow fiber degassing module 1 for about two
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days, the swelling of the hollow fiber membrane 2 becomes saturated.
The swelling speed and the swelling degree of the hollow fiber
membrane 2 change depending on the material, the membrane shape,
the membrane form, and the like of the hollow fiber membrane 2 and
also changes depending on the type of ink. For example, when a
polyolefin resin is used as the material of the hollow fiber membrane 2
and a ceramic powder dispersed in a solvent is used as the ink, the
swelling speed and swelling degree of the hollow fiber membrane 2
become particularly large.

For example, when polyolefin resin is used as the material of the hollow
fiber membrane 2 and ceramic ink in which ceramic powder is
dispersed in a solvent is used as the ink, the swelling speed and the
swelling degree of the hollow fiber membrane 2 particularly increase.
[0043] Hercin, the solvent used in the ceramic ink is not particularly
limited as long as it does not impair the effect of the invention, and
known solvents may be used. Specific examples thereof include
glycols such as ethylene glycol, diethylene glycol, and triethylene
glycol; glycol monoalkyl ethers such as 3-methoxy-3-methylbutanol
and 3-methoxybutanol; glycol dialkyl ethers such as diethylene glycol
diethyle ether, diethylene glycol methyl ethyl ether, diethylene glycol
methyl butyl ether, triecthylene glycol methyl butyl ether, and
tetracthylene glycol dimethyl ether; glycol monoacetates such as
ethylene glycol monobutyl ether acetate, diethylene glycol monobutyl
ether acetate, and propylene glycol monomethyl ether acetate; glycol
diacetates; alcohols such as ethanol, n-propanol, isopropanol, n-butanol,

2-butanol, and 2-methyl-1-propanol; ketones such as acetone, methyl
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ethyl ketone, methyl-n-propyl ketone, methyl isopropyl ketone,
methyl-n-butyl ketone, methyl isobuty] ketone, methyl-n-amyl ketone,
methyl isoamyl ketone, diethyl ketone, ethyl n-propyl ketone, ethyl
isopropyl ketone, ethyl-n-butyl ketone, ethyl isobutyl ketone,
di-n-propyl ketone, diisobutyl ketone, cyclohexanone,
methylcyclohexanone, and isophorone; acetic acid esters such as methyl
acetate, ethyl acetate, n-propyl acetate, isopropyl acetate, n-butyl
acetate, isobutyl acetate, hexyl acetate, octyl acetate, 2-methylpropyl
acetate, and 3-methylbutyl acetate; lactic acid esters such as methyl
lactate, ethyl lactate, and butyl lactate; saturated hydrocarbons such as
n-hexane, isohexane, n-nonane, isononane, dodecane, and isododecane;
unsaturated hydrocarbons such as 1-hexene, 1-heptene, and 1-octene;
cyclic saturated hydrocarbons such as cyclohexane, cycloheptane,
cyclooctane, cyclodecane, and decalin; cyclic unsaturated hydrocarbons
such as cyclohexene, cycloheptene, cyclooctene,
1,1,3,5,7-cyclooctatetraene, and cyclododecene; aromatic hydrocarbons
such as benzene, toluene, and xylene; terpenes; cyclic imides;
3-alkyl-2-oxazolidinone such as 3-methyl-2-oxazolidinone  and
3-ethyl-2-oxazolidinone; N-alkyl pyrrolidone such as
N-methyl-2-pyrrolidone and N-ethyl-2-pyrrolidone; ]a.'ctones such as
y-butyrolactone and g-caprolactone; and nitrogen-containing solvents
such as B-alkoxypropionamide.

[0044] From these things, it is effective to set a gap between the hollow
fiber membrane 2 within an appropriate range when the swelling of the
hollow fiber membrane 2 becomes saturated in order to suppress a

sudden increase in pressure drop of the ink. Then, as a result of careful
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examination of the inventors, if the hollow fiber membrane packing
ratio R is set to 43% or less, a gap between the hollow fiber membranes
2 is set to an appropriate range when the swelling of the hollow fiber
membrane 2 becomes saturated. Accordingly, a sudden increase in
pressure drop of the ink can be suppressed.

[0045] In this way, the hollow fiber degassing module 1 according to
the embodiment is of an external perfusion type in which the ink is
supplied to the outside of the hollow fiber membrane 2 and the inside of
the hollow fiber membrane 2 is depressurized to degas the ink. For
this reason, it is possible to suppress the pressure drop of ink to a low
level.  Accordingly, for example, even when the hollow fiber
degassing module 1 is mounted on the inkjet printer 11 which supplies
the ink from the ink storage portion 12 to the inkjet head 13 by the own
weight of the ink, the ink can be appropriately supplied to the inkjet
head 13.

[0046] Then, in the hollow fiber degassing module 1, since the hollow
fiber membrane packing ratio R of the hollow fiber degassing module 1
is 43% or less, it is possible to ensure a gap through which the ink
passes between the hollow fiber membranes 2 even when the hollow
fiber membrane 2 is swollen by the degassed ink. Accordingly, it is
possible to suppress a sudden increase in pressure drop of the hollow
fiber degassing module 1. That 1s, even when the hollow fiber
membrane 2 contains a material which is swollen by the ink, it 1s
possible to suppress degradation in degassing performance of the
hollow fiber degassing module 1.

[0047] Further, when the hollow fiber membrane packing ratio R is
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20% or more, it is possible to ensure a membrane area necessary for
degassing the ink. Accordingly, it is possible to suppress degradation
in degassing performance of the hollow fiber degassing module 1.
[0048] Further, even when the hollow fiber membrane 2 contains a
material which is swollen by the ink, it is possible to suppress
degradation in degassing performance of the hollow fiber degassing
module 1.

[0049] Further, since the hollow fiber membrane 2 contains polyolefin
resin, it is possible to effectively degas the ink.

[0050] Further, in the inkjet printer 11 according to the embodiment,
since the hollow fiber degassing module 1 is attached to the ink passage
including the first ink supply pipe 14 and the second ink supply pipe 15,
it is possible to suppress the pressure drop of the ink in the ink passage
to be low and to degas the ink for a long period of time. Accordingly,
for example, even in the inkjet printer 11 which supplies the ink from
the ink storage portion 12 to the inkjet head 13 by the own weight of the
ink, it is possible to appropriately supply the ink tol the inkjet head 13.
[0051] While the preferred embodiment of the invention has been
described, the invention is not limited to the above-described
embodiment. For example, in the above-described embodiment, a case
has been described in which the membrane bundle hollow portion 3c is
not provided with the center pipe, but the membrane bundle hollow
portion 3¢ may be provided with the center pipe. Further, in the
above-described embodiment, a case has been described in which the
ink is a liquid to be degassed, but the liquid to be degassed may be a

liquid other than the ink. Further, in the above-described embodiment,
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a case has been described in which the ink is supplied from the supply
port 6a into the housing 4 and the ink inside the housing 4 is discharged
from the discharge port 5d, but the inlet and the outlet of the ink may be
reversed. That is, the ink may be supplied from the discharge port 5d
into the housing 4 and the ink inside the housing 4 may be discharged
from the supply port 6a.
[Examples]
[0052] Next, examples of the invention will be described, but the
invention is not limited to the following examples.
[0053] Hollow fiber degassing module of Examples 1 to 3 and hollow
fiber degassing modules of Reference Examples 1 and 2 were prepared
and an increase in pressure drop due to the circulation of ink in a test
circuit shown in Fig. 7 was measured.
[0054] (Test Circuit)

As shown in Fig. 7, the test circuit has a configuration in which
a first ink supply pipe 22 inserted into an ink tank 21 storing ink is
connected to a supply port of the hollow fiber degassing module and a
pump 23 feeding ink inside the first ink supply pipe 22 to the hollow
fiber degassing module and an inlet pressure gauge 24 measuring a
pressure of the ink inside the first ink supply pipe 22 are attached to the
first ink supply pipe 22. Further, the test circuit has a configuration in
which a second ink supply pipe 25 inserted into the ink tank 21 is
connected to a discharge port of the hollow fiber degassing module and
an outlet pressure gauge 26 measuring a pressure of ink inside the
second ink supply pipe 25 is attached to the second ink supply pipe 25.
[0055] (Example 1)
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The hollow fiber degassing module of Example 1 was prepared
as below.
[0056] A hollow fiber membrane having an inner diameter of 100 um
and an outer diameter of 180 pum and having a side wall (membrane) of
a heterogeneous structure formed of poly-4 methyl pentene-1 was
prepared. Next, a large number of hollow fiber membranes lined up in
the same row were woven in a reed shape by a warp so that the number
of hollow fiber membranes became sixty one per inch to prepare a
hollow fiber membrane sheet of a predetermined length. Next, the
hollow fiber membrane sheet was wound on a cylindrical temporary
core (a resin pipe) to prepare a cylindrical hollow fiber membrane
bundle, the prepared hollow fiber membrane bundle was inserted into a
cylindrical reed-shaped bundle diameter adjustment pipe, and the
hollow fiber membrane packing ratio of the hollow fiber membrane
bundle was adjusted. That is, when the hollow fiber membrane bundle
is inserted into the reed-shaped bundle diameter adjustment pipe having
an mner diameter larger than the outer diameter of the hollow fiber
membranc bundle, the hollow fiber membrane sheet wound in a
cylindrical shape is loosened so that a gap between the hollow fiber

membranes is widened. For this reason, when the outer diameter of

‘the temporary core, the length of the hollow fiber membrane sheet

wound on the temporary core, and the inner diameter of the reed-shaped
bundle diameter adjustment pipe are adjusted, the hollow fiber
membrane packing ratio can be adjusted.

[0057] Then, in the hollow fiber membrane bundle of Example 1, the

outer diameter of the temporary core was set to 15.0 mm, the length of
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the hollow fiber membrane sheet wound on the temporary core was sct
to 5200 mm, and the inner diameter of the reed-shaped bundle diameter
adjustment pipe was set to 39.0 mm so that the hollow fiber membrane
packing ratio became 30.0%.

[0058] Next, the hollow fiber membrane bundle was inserted into the
cylindrical body of the housing, one membrane bundle end portion of
the hollow fiber membrane bundle was fixed to one opening end portion
of the cylindrical body by the sealing portion, and the other membrane
bundle end portion of the hollow fiber membrane bundle was fixed to
the other opening end portion of the cylindrical body by the sealing
portion. Further, the temporary core was extracted from the hollow
fiber membrane bundle. Then, the first lid portion was attached to one
opening eﬂd portion of the cylindrical body and the second lid portion
was attached to the other opening end portion of the cylindrical body to
thereby obtain the hollow fiber degassing module of Example 1.

[0059] (Example 2)

The hollow fiber degassing module of Example 2 was prepared
to have the same hollow fiber membrane packing ratio as that of the
hollow fiber degassing module of Example 1 except that the hollow
fiber membrane packing ratio was set to 33.8%. Specifically, in the
hollow fiber membrane bundle of Example 2, the outer diameter of the
temporary core was set to 15.0 mm, the length of the hollow fiber
membrane sheet wound on the temporary core was set to 5200 mm, and
the inner diameter of the reed-shaped bundle diameter adjustment pipe
was set to 37.0 mm so that the hollow fiber membrane packing ratio

became 33.8%.
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[0060] (Example 3)

The hollow fiber degassing module of Example 3 was prepared
to have the same hollow fiber membrane packing ratio as that of the
hollow fiber degassing module of Example 1 except that the hollow
fiber membrane packing ratio was 36.0%. Specifically, in the hollow
fiber membrane bundle of Example 3, the outer diameter of the
temporary core was set to 15.0 mm, the length of the hollow fiber
membrane sheet wound on the temporary core was set to 5200 mm, and
the inner diameter of the reed-shaped bundle diameter adjustment pipe
was set to 36.0 mm so that the hollow fiber membrane packing ratio
became 36.0%.

[0061] (Reference Example 1)

The hollow fiber degassing module of Reference Example 1 was
prepared to have the same hollow fiber membrane packing ratio as that
of the hollow fiber degassing module of Example 1 except that the
hollow fiber membrane packing ratio was set to 44.3%. Specifically,
in the hollow fiber membrane bundle of Reference Example 1, the outer
diameter of the temporary corc was set to 15.0 mm, the length of the
hollow fiber membrane sheet wound on the temporary core was set to
5200 mm, and the inner diameter of the reed-shaped bundle diameter
adjustment pipe was set to 33.0 mm so that the hollow fiber membrane
packing ratio became 44.3%.

[0062] (Reference Example 2)

The hollow fiber degassing module of Reference Example 2 was

prepared to have the same hollow fiber membrane packing ratio as that

of the hollow fiber degassing module of Example 1 except that the
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hollow fiber membrane packing ratio was 51.6%. Specifically, in the
hollow fiber membrane bundle of Reference Example 2, the outer
diameter of the temporary core was set to 15.0 mm, the length of the
hollow fiber membrane sheet wound on the temporary corc was set to
5200 mm, and the inner diameter of the reed-shaped bundle diameter
adjustment pipe was set to 31.5 mm so that the hollow fiber membrane
packing ratio became 51.6%.

[0063] (Experiment 1)

In Experiment 1, ceramic ink containing a hydrocarbon solvent
("Exxsol (registered trademark) D130" (Hydrocarbones, C14-Cl8,
n-alkanes, iso-alkanes, cyclics, aromatics, etc) manufactured by Exxon
Mobil Co., Ltd.) was used and the set temperature of the ink was 45°C.
[0064] Then, (1) the ink was circulated at an ink set flow rate of 200
g/min, a difference between the inlet pressure measured by the inlet
pressure gauge 24 and the outlet pressure measured by the outlet
pressure gauge 26 was calculated as a pressure drop, and the flow rate
of ink was measured by a flow meter (not shown). Next, (2) the ink
was circulated at an ink set flow rate of 1000 g/min, a difference
between the inlet pressure measured by the inlet pressure gauge 24 and
the outlet pressure measured by the outlet pressure gauge 26 was
calculated as a pressure drop, and the flow rate of ink was measured by
a flow meter (not shown). Additionally, the pressure drop calculated
by (1) and (2) was set to an initial value.

[0065] Next, (3) the set flow rate of ink was set to 1000 g/min and was
left for an arbitrary time. Next, (4) the ink was circulated at an ink set

flow rate of 200 g/min, a difference between the inlet pressure measured
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by the inlet pressure gauge 24 and the outlet pressure measured by the
outlet pressure gauge 26 was calculated as a pressure drop, and the flow
rate of mk was measured by a flow meter (not shown). Next, (5) the
ink was circulated at an ink set flow rate of 1000 g/min, a difference
between the inlet pressure measured by the inlet pressure gauge 24 and
the outlet pressure measured by the outlet pressure gauge 26 was
calculated as a pressure drop, and the flow rate of ink was measured by
a flow meter (not shown).

[0066] Then, a ratio of the pressure drop calculated by (1) and (2) with
respect to the pressure drop calculated by (4) and (5) was calculated as a
pressure drop increase rate. The experiment results of Examples 1 to 3
and Reference Examples 1 and 2 are shown in Table 1. Further, a
graph of the experiment result immediately after the circulation of the
ink is shown in Fig. 8 and a graph of the experiment result after the

circulation of the ink for 22 hours is shown in Fig. 9.
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As shown in Table 1 and Figs. 8 and 9, in Examples 1 to 3 in
which the hollow fiber membrane packing ratio was 43% or less, an
increase in pressure drop of the hollow fiber degassing module after the
circulation of the ink for 22 hours was suppress to be low compared to
Reference Examples 1 and 2 in which the hollow fiber membrane
packing ratio exceeded 43%. Further, an increase in pressure drop was
not substantially observed in the hollow fiber degassing module in
which the hollow membrane packing ratio was about 30%. From this
result, since the hollow fiber membrane packing ratio is 43% or less, it
was found that a sudden increase in pressure drop could be suppressed.
[0067] (Example 4)

The hollow fiber degassing module of Example 4 was prepared
to have the same hollow fiber membrane packing ratio as that of the
hollow fiber degassing module of Example 1 except that the hollow
fiber membrane packing ratio was set to 30.9%. Specifically, in the
hollow fiber membrane bundle of Example 4, the outer diameter of the
temporary core was set to 15.0 mm, the length of the hollow fiber
membrane sheet wound on the temporary core was set to 5200 mm, and
the inner diameter of the reed-shaped bundle diameter adjustment pipe
was set to 38.5 mm so that the hollow fiber membrane packing ratio
became 30.9%.

[0068] (Example 5)

The hollow fiber degassing module of Example 5 was prepared
to have the same hollow fiber membrane packing ratio as that of the
hollow fiber degassing module of Example | except that the hollow

fiber membrane packing ratio was set to 35.3%. Specifically, in the
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hollow fiber membrane bundle of Example 5, the outer diameter of the
temporary core was set to 15.0 mm, the length of the hollow fiber
membrane sheet wound on the temporary core was set to 5200 mm, and
the inner diameter of the reed-shaped bundle diameter adjustment pipe
was set to 36.2 mm so that the hollow fiber membrane packing ratio
became 35.3%.

[0069] (Example 6)

The hollow fiber degassing module of Example 6 was prepared
to have the same hollow fiber membrane packing ratio as that of the
hollow fiber degassing module of Example 1 except that the hollow
fiber membrane packing ratio was set to 36.3%. Specifically, in the
hollow fiber membrane bundle of Example 6, the outer diameter of the
temporary core was set to 15.0 mm, the length of the hollow fiber
membrane sheet wound on the temporary core was set to 5200 mm, and
the inner diameter of the reed-shaped bundle diameter adjustment pipe
was set to 35.8 mm so that the hollow fiber membrane packing ratio
became 36.3%.

[0070] (Experiment 2)

In Experiment 2, the set temperature of the ink was set to 45°C,
the set flow rate of ink was set to 1000 g/min, the ink circulation time
was set to 22 hours, and the same ceramic ink as that of Experiment 1
was used. The experiment condition is shown in Table 2.

[Table 2]

Hollow fiber membrane packing ratio (%)
Example 1 30.0
Example 2 33.8
Example 3 36.0
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Example 4 30.9
Example 5 35.3
Example 6 36.3
Reference Example 1 44.3
Reference Example 2 51.6

Then, in the hollow fiber degassing modules of Examples 1 to 6
and Reference Examples 1 and 2, a difference between the inlet pressure
measured by the inlet pressure gauge 24 and the outlet pressure
measured by the outlet pressure gauge 26 immediately after the
circulation of the ink was calculated as pressure drop. Further, a
difference between the inlet pressure measured by the inlet pressure
gauge 24 and the outlet pressure measured by the outlet pressure gauge
26 after the circulation of the ink for 22 hours was calculated as
pressure drop.  Then, a ratio of the pressure drop immediately after the
circulation of the ink for 22 hours with respect to the pressure drop
immediately after the circulation of the ink was calculated as a pressure
drop mcrease rate.  The experiment result is shown in Fig. 10.

[0071] As shown in Table 2 and Fig. 10, it is found that the pressure
drop increase rate increases due to an increase in hollow membrane
packing ratio. In particular, the pressure drop increase rate suddenly
increases when the hollow fiber membrane packing ratio exceeds 38%
and the pressure drop increases five times when the hollow fiber
membrane packing ratio exceeds 43%. From this result, an increase in
pressure drop can be adjusted in accordance with the adjustment of the
hollow fiber membrane packing ratio. That is, a sufficient gap is
formed between the hollow fiber membranes when the hollow fiber

membrane packing ratio is set to be low. Accordingly, it is considered
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that the ink passage is not easily blocked when the hollow fiber
membrane is swollen and the hollow fiber membrane bundle is bent by
the flow of the ink. Meanwhile, a gap between the hollow fiber
membranes decreases when the hollow membrane packing ratio is set to
be high. Accordingly, it is considered that the ink passage is easily
blocked due to the flow of the ink or the minute swelling of the hollow
fiber membrane.

Reference Signs List

[0072] 1:  hollow fiber degassing module, 2: hollow fiber
membrane, 2a: membrane, 2b: hollow portion, 3: hollow fiber
membrane bundle, 3a: one membrane bundle end portion, 3b: other
membrane bundle end portion, 3c:  membrane bundle hollow portion,
4: housing, 5: cylindrical body, 5a: one opening end portion, 5b:
other opening end portion, 5Sc: side wall, 5d: discharge port, Se:
connection portion, 5f: female screw, 6: first lid portion, 6a:
supply port, 6b: connection portion, 6c: female screw, 7: second
lid portion, 7a: intake port, 7b: connection portion, 7c: female
screw, 8: sealing portion, 8a: communication port, 9: sealing
portion, 11:  inkjet printer, 12: ink storage portion, 13: inkjet head,
14: first ink supply pipe, 15: second ink supply pipe, 16: suction
pump, 17: intake pipe, 21: ink tank, 22: first ink supply pipe, 23:
pump, 24: inlet pressure gauge, 25: second ink supply pipe, 26:
outlet pressure gauge, Al: apparent cross-sectional area of hollow
fiber membrane bundle, A2: apparent cross-sectional area of hollow
fiber membrane, A3: sum of apparent cross-sectional area of hollow

fiber membrane, G: gap, L: axial direction, R: hollow fiber
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membrane packing ratio.
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CLAIMS

L. A hollow fiber degassing module which includes a hollow fiber
membrane bundle obtained by bundling a plurality of hollow fiber membranes
m a cylindrical shape and a cylindrical body receiving the hollow fiber
membrane bundle and extending in an axial direction and degasses a liquid by
supplying the liquid to the outside of the hollow fiber membrane and
depressurizing the inside of the hollow fiber membrane,

wherein a hollow fiber membrane packing ratio which is a ratio of a
sum of an apparent cross-sectional area of the hollow fiber membrane with
respect to an apparent cross-sectional area of the hollow fiber membrane bundle
1s in a range of 43% or less,

wherein a gap 1s formed between the cylindrical body and the hollow
fiber membrane bundle, and

wherein the hollow fiber membrane bundle is eccentric with respect to

the center axis of the cylindrical body.

2. The hollow fiber degassing module according to claim 1, wherein the

hollow fiber membrane packing ratio is in a range of 20% or more.

3. The hollow fiber degassing module according to claim 1 or 2, wherein

the hollow fiber membrane contains a material which 1s swollen by the liquid.

4. The hollow fiber degassing module according to any one of claims 1 to

3, wherein the hollow fiber membrane contains polyolefin resin.

5. The hollow fiber degassing module according to any one of claims 1 to

4, wherein the gap 1s formed all around the hollow fiber membrane bundle.
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6. An inkjet printer in which ink stored in an ink storage portion is
supplied to an inkjet head through an ink passage,
wherein the hollow fiber degassing module according to any one of

claims 1 to 5 1s attached to the ink passage.

7. A liquid degassing method of degassing a liquid by supplying the liquid
to a gap between hollow fiber membranes from a hollow portion of a hollow
fiber membrane bundle and depressurizing the inside of the hollow fiber

membrane using the hollow fiber degassing module according to claim 1.

8. The liquid degassing method according to claim 7, wherein the liquid is
at least one kind selected from the group consisting of glycols, glycol monoalkyl
ethers, glycol dialkyl ethers, glycol monoacetates, glycol diacetates, alcohols,
ketones, acetic acid esters, lactic acid esters, saturated hydrocarbons, unsaturated
hydrocarbons, cyclic saturated hydrocarbons, cyclic unsaturated hydrocarbons,
aromatic hydrocarbons, terpenes, cyclic imides, 3-alkyl-2-oxazolidinone,

N-alkyl pyrrolidone, lactones, and nitrogen-containing solvents.

9. The liquid degassing method according to claim 7 or 8, wherein the

liquid 1s UV 1nk or ceramic ink.

10. A hollow fiber degassing module which includes a hollow fiber
membrane bundle obtained by bundling a plurality of hollow fiber membranes
m a cylindrical shape and a cylindrical body receiving the hollow fiber
membrane bundle and extending in an axial direction and degasses a liquid by
supplying the liquid to the outside of the hollow fiber membrane and

depressurizing the inside of the hollow fiber membrane,

35

Date Regue/Date Received 2021-03-12



10

15

20

25

wherein the liquid 1s at least one kind selected from the group consisting
of glycols, glycol monoalkyl ethers, glycol dialkyl ethers, glycol monoacetates,
glycol diacetates, alcohols, ketones, acetic acid esters, lactic acid esters,
saturated  hydrocarbons, unsaturated hydrocarbons, cyclic saturated
hydrocarbons, cyclic unsaturated hydrocarbons, aromatic hydrocarbons,
terpenes, cyclic imides, 3-alkyl-2-oxazolidinone, N-alkyl pyrrolidone, lactones,
and nitrogen-containing solvents,

wherein the hollow fiber membrane 1s or becomes swollen by the liquid
and contains polyolefin resin, and

wherein a hollow fiber membrane packing ratio which is a ratio of a
sum of an apparent cross-sectional area of the hollow fiber membrane with
respect to an apparent cross-sectional area of the hollow fiber membrane bundle

1s in a range of 43% or less.

11. A hollow fiber degassing module which includes a hollow fiber
membrane bundle obtained by bundling a plurality of hollow fiber membranes
m a cylindrical shape and a cylindrical body receiving the hollow fiber
membrane bundle and extending in an axial direction and degasses a liquid by
supplying the liquid to the outside of the hollow fiber membrane and
depressurizing the inside of the hollow fiber membrane,

wherein the liquid 1s UV ink or ceramic ink,

wherein the hollow fiber membrane 1s or becomes swollen by the liquid
and contains polyolefin resin, and

wherein a hollow fiber membrane packing ratio which is a ratio of a
sum of an apparent cross-sectional area of the hollow fiber membrane with
respect to an apparent cross-sectional area of the hollow fiber membrane bundle

1s in a range of 43% or less.
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12. The hollow fiber degassing module according to claim 10 or 11,
wherein a gap i1s formed between the cylindrical body and the hollow fiber

membrane bundle.

13. The hollow fiber degassing module according to claim 12, wherein the

gap 1s formed all around the hollow fiber membrane bundle.

14. The hollow fiber degassing module according to any one of claims 10 to
13, wherein the hollow fiber membrane packing ratio is in a range of 20% or

more.

15. An inkjet printer in which ink stored in an ink storage portion is
supplied to an inkjet head through an ink passage,
wherein the hollow fiber degassing module according to any one of

claims 10 to 14 1s attached to the ink passage.

16. A liquid degassing method of degassing a liquid by supplying the liquid
to a gap between hollow fiber membranes from a hollow portion of a hollow
fiber membrane bundle and depressurizing the inside of the hollow fiber
membrane using the hollow fiber degassing module according to any one of

claims 10 to 14.
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Fig.7
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Fig.8
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Fig.9
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