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DESCRIPTION

Technical Field

[0001] The present invention relates to a membrane module apparatus, a packaging body
containing the membrane module apparatus, and a liquid treatment system comprising the
membrane module apparatus.

Background Art

[0002] Treatments, such as a culture medium filtering treatment that is a filtering treatment
performed for supplying a culture solution Iinto a cell culture tank and a virus removing
treatment performed In a manufacturing process of pharmaceutical preparations, are
performed by connecting a hollow fiber membrane module to a liquid treatment circuit.

[0003] Since such culture medium filtering treatment and virus removing treatment are
required to be performed under a strict aseptic condition, the hollow fiber membrane module is
subjected, before shipping, to a steam sterilization treatment in a state in which the hollow fiber
membrane module Is filled with a liquid and closed by directly attaching a cap into its liquid
port. After the steam sterilization treatment, the hollow fiber membrane is shipped out with its
aseptic condition maintained.

[0004] A (dry-state) membrane module whose membrane Is dry requires a filter, which has
been wet for a pinhole test, to be dried, and spends much time and heat (energy). On the
other hand, a membrane module filled with a liquid can be used even after long-term storage
and does not require the filling liquid to be removed from Iinside the membrane module after
the pinhole test conducted before the shipping, and it is therefore preferable in terms of its
reduced number of manufacturing steps.

US 4,411,866 discloses a membrane module apparatus to be subjected to steam sterilization
comprising: a hollow fiber membrane module filled with a liquid; an aseptic connection member
for aseptically connecting the membrane module apparatus to another duct; a connecting tube
for connecting a liquid port of the hollow fiber membrane module and the aseptic connection
member to each other; and a closure member wherein the connecting tube has heat
resistance to the steam sterilization. HO03-277370 discloses a membrane module apparatus to
be subjected to steam sterilization, comprising a hollow fiber membrane module filled with a
liguid; an aseptic connection member; a connecting tube configured to connect a liquid port of
the hollow fiber membrane module and the aseptic connection member to each other; and a
closure member configured to pinch and close the connecting tube.

US 5,683,916 discloses method and apparatus for carrying out affinity purification of a ligate.
The method comprises, (a) providing a ligate containing liquid to a first side of at least one
porous hollow fiber membrane with a ligand immobilized thereto that binds and separates the
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ligate from the liquid, (b) withdrawing a first portion of the liquid from the first side of the porous
hollow fiber membrane, (c) recirculating the first portion of liquid to the first side of the porous
hollow fiber membrane, (d) repeating steps (a) to (¢) until a majority of the liquid has flowed
through the porous hollow fiber membrane, and (e) providing an elution solution to one side of
the porous hollow fiber membrane under a pressure sufficient to cause the elution solution to
flow Into and through the membrane to effect disassociation of any ligate-ligand bonds,
wherein any ligate bound to the ligand is eluted with the elution solution.

Summary

Technical Problem

[0005] However, when the culture medium filtering treatment, etc., i1s actually performed using
the sterilized hollow fiber membrane module, a user detaches the cap from the liquid port of
the hollow fiber membrane module and connects a tube of the liquid treatment circuit to the
liquid port and such process might degrade the aseptic condition of the hollow fiber membrane
module. Therefore, another sterilization treatment has been typically performed by allowing a
clarifying liquid to flow through the circuit after connecting the hollow fiber membrane module
to the liquid treatment circuit. Such sterilization treatment performed during the connection of
the hollow fiber membrane module requires time and effort for preparing the culture filtering
treatment, etc. In light of the above circumstances, a so-called aseptic connection of a hollow
filber membrane module to a liquid treatment circuit has been considered in order to eliminate
the need for a user to perform the sterilization treatment when connecting the hollow fiber
membrane module to the liquid treatment circuit.

[0006] Meanwnhile, there 1s a technique for connecting tubes to each other In an aseptic
condition using an aseptic connection member. An example of such aseptic connection
member may be a thermoplastic tube, in which tubes can be aseptically connected by thermal
welding using a dedicated tube joining apparatus. Another example may be an aseptic
connection connector to be attached to respective extremities of the tubes to be connected, In
which connecting surfaces of the aseptic connection connectors are fixed and a membrane
Interposed between the connecting surfaces Is pulled out to thereby achieve the aseptic
connection.

[0007] However, the hollow fiber membrane module is filled with a liquid and subjected to
steam sterilization before shipping, as described above. Thus, If the above-mentioned aseptic
connection member i1s simply applied to the hollow fiber membrane module and connected to
the liquid port thereof, the liquid inside the hollow fiber membrane module will undesirably
contact the aseptic connection member. In the case of the thermoplastic tubes above, for
example, If a liquid exists within the tubes during connection, it will become difficult for the
tubes to be thermally welded, causing a detriment to the aseptic connection. In the case of the
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aseptic connection connector, the membrane will get wet due to the liquid and the aseptic level
may be degraded.

[0008] The present invention has been made In consideration of the above circumstances and
an object of the present invention i1s to provide a membrane module apparatus for steam
sterilization, a packaging body, a liquid treatment system having the membrane module
apparatus, a steam sterilization method of a hollow fiber membrane module and a construction
method of the liquid treatment system, which are capable of allowing the above-mentioned
aseptic connection member to be applicable to a hollow filber membrane module that is filled
with a liquid and sterilized during steam sterilization, thereby avoiding the need for a user to
perform another sterilization treatment after the connection to a liquid treatment circuit.

Solution to Problem

[0009] As a result of an intensive study for the purpose of achieving the object set forth above,
the inventors have found that an aseptic connection member can be applied to a hollow fiber
membrane module by connecting the hollow fiber membrane module and the aseptic
connection member by a heat-resistant connecting tube and providing the connecting tube with
a closure member, and have thereby achieved the present invention. Specifically, the present
Invention provides, the following items (1) to (10):

1. (1) Amembrane module apparatus to be subjected to steam sterilization, comprising:
a hollow fiber membrane module filled with a liquid;

an aseptic connection member configured to aseptically connect the membrane module
apparatus to a duct,

wherein said aseptic connection member comprises an aseptic connection connector
having a flange-shaped connecting part that forms a connecting surface, and a sealing
tape provided on the connecting surface,

wherein the connecting surface Is configured to be fitted with and fixed to a connecting
surface of an aseptic connection connector of the duct, so that the sealing tape iIs
Interposed between these connecting surfaces, wherein the sealing tape is configured to
be pulled out while maintaining the aseptic state;

a connecting tube configured to connect a liquid port of the hollow fiber membrane
module and the aseptic connection member to each other, wherein the connecting tube
has heat resistance to the steam sterilization;

a closure member configured to pinch and close the connecting tube; and

an opening/closing part configured to open and close an internal space, the internal
space being located on the aseptic connection member side with respect to the closure
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member, In the connecting tube relative to an atmosphere.

. (2) The membrane module apparatus according to (1), wherein the closure member Is
configured to apply pressure to the connecting tube by a screw mechanism to close the
connecting tube .

. (3) The membrane module apparatus according to any one of (1) or (2), further
comprising a fixing apparatus configured to fix at least one of the connecting tube and
the aseptic connection member.

. (4) The membrane module apparatus according to (3), wherein the fixing apparatus
Includes a fixing plate and a fixture configured to fix at least one of the connecting tube
and the aseptic connection member onto the fixing plate .

. (5) The membrane module apparatus according to any one of (1) to (4), wherein the
connecting tube i1s made of a silicone resin or a fluorine resin.

. (6) The membrane module apparatus according to any one of (1) to (5), wherein the
hollow fiber membrane module has a plurality of liquid ports , and at least one of the
liquid ports Is connected to an expansion member that is configured to expand due to an
Increase In an internal pressure of the hollow fiber membrane module during the steam
sterilization.

. (7) The membrane module apparatus according to (6), wherein:

the hollow fiber membrane module has two liquid ports communicating with an inside of
a hollow fiber membrane (A) and two liquid ports communicating with an outside of the
hollow fiber membrane (A); and

one of the liquid ports communicating with the outside of the hollow filber membrane (A)
IS connected to the expansion member and the other three liquid ports are connected to

the connecting tube .

. (8) A packaging body that hermetically packages a membrane module apparatus to be
subjected to steam sterilization,
wherein the membrane module apparatus comprises:

a hollow fiber membrane module filled with a liquid;

an aseptic connection member configured to aseptically connect the membrane module
apparatus to a duct,

wherein said aseptic connection member comprises an aseptic connection connector
having a flange-shaped connecting part that forms a connecting surface, and a sealing
tape provided on the connecting surface,

wherein the connecting surface Is configured to be fitted with and fixed to a connecting
surface of an aseptic connection connector of the duct, so that the sealing tape iIs
Interposed between these connecting surfaces, wherein the sealing tape Is configured to
be pulled out while maintaining the aseptic state;

a connecting tube configured to connect a liquid port of the hollow fiber membrane
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module and the aseptic connection member to each other, wherein the connecting tube
has heat resistance to the steam sterilization;

a closure member configured to pinch and close the connecting tube; and

an opening/closing part configured to open and close an Iinternal space, the internal
space being located on the aseptic connection member side with respect to the closure
member, In the connecting tube relative to an atmosphere.

9. (9) The packaging body containing a membrane module apparatus according to (8),
wherein the connecting tube and the aseptic connection member are configured to be
connectable to each other using a half-splittable connector .

10. (10) A liquid treatment system comprising the membrane module apparatus according to
any one of (1) to (7).

Advantageous Effects of Invention

[0010] According to the present invention, since the above-mentioned aseptic connection
member can be applied to a hollow fiber membrane module, it iIs not necessary to perform
another sterilization treatment during the connection of the hollow fiber membrane module to a
liquid treatment circuit and it i1s therefore possible to reduce the effort and time required for
preparing a culture medium filtering treatment, etc.

Brief Description of Drawings

[0011]

Fig. 1 1s an illustration showing an outline of a membrane module apparatus (not according to
the invention).

Fig. 2 I1s an lillustration showing the membrane module apparatus fixed to a fixing apparatus
(not according to the invention).

Fig. 3 I1s an illustration showing a configuration of a liquid treatment system (not according to
the Iinvention).

Fig. 4 1s an illustration explaining aseptic connection of thermoplastic tubes (not according to
the invention).

Fig. 5 Is an illustration showing a configuration of an aseptic connection connector.

Fig. 6 Is an illustration explaining the aseptic connection of the aseptic connection connector.
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Fig. 7 I1s an illustration showing another configuration of a membrane module apparatus.

Description of Embodiments

[0012] Preferred embodiments of the present invention will be described below with reference
to the attached drawings. The same elements are denoted by the same reference symbols
and redundant explanation thereof will be omitted. In the drawings, positional relationships
such as top, bottom, right and left are based on the positional relationships shown In the
drawings, unless otherwise indicated. In addition, the dimensional ratios shown in the drawings
are not limited to those lllustrated. Fig. 1 to Fig. 4 are not representative of the present
iInvention but useful for understanding the invention.

[0013] Fig. 1 Is an lllustration showing an example configuration of a membrane module
apparatus 1 for steam sterilization according to the present embodiment.

[0014] As shown In Fig. 1, the membrane module apparatus 1 Includes a hollow fiber
membrane module 10 that is filled with a liquid during, for example, steam sterilization,
thermoplastic tubes 11 serving as an aseptic connection member to be used for aseptically
connecting the membrane module apparatus 1 to another duct, connecting tubes 12 that
connect liquid ports of the hollow fiber membrane module 10 and the thermoplastic tubes 11,
closure members 13 capable of pinching and closing the respective connecting tubes 12, and
an expansion member 14 that expands due to an increase In the internal pressure of the
hollow fiber membrane module 10 during the steam sterilization.

[0015] The hollow fiber membrane module 10 is formed In, for example, a cylindrical form and
provided with two liquid ports (nozzles) 20 and 21 on its lateral surface and liquid ports
(nozzles) 22 and 23 on Its respective ends In a longitudinal direction (the right-left direction In
Fig. 1).

[0016] The hollow fiber membrane module 10 accommodates a hollow fiber membrane A
oriented In the longitudinal direction. A space In a duct of the hollow fiber membrane A (a
primary space) communicates with the liquid ports 22 and 23, while a space outside a wall of
the hollow fiber membrane A (a secondary space) communicates with the liquid ports 20 and
21. The primary space 10a of the hollow fiber membrane A communicating with the liquid ports
22 and 23 and the secondary space 10b of the hollow fiber membrane A communicating with
the liquid ports 20 and 21 are isolated from each other by a potting agent 30 provided in the
vicinity of both ends in the longitudinal direction of the hollow fiber membrane module 10.

[0017] The connecting tube 12 has heat resistance to steam sterilization. In other words, the
connecting tube 12 iIs made of a material that does not melt and deform at a steam sterilization
temperature of, for example, 121 degrees Celsius at the lowest. In addition, the connecting
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tube 12 has a flexibility so as to be closable by the closure member 13 to be described later.
Examples of preferable materials for the connecting tube 12 include a silicon resin and a
fluorine resin. Available materials for the connecting tube 12 are those having a melting point
higher than, for example, the steam sterilization temperature, preferably having a melting point
higher than 165 degrees Celsius, more preferably having a melting point higher than 250
degrees Celsius. In addition, the available materials for the connecting tube 12 are preferably
usable under a condition of 150 degrees Celsius, more preferably usable under a condition of
200 degrees Celsius.

[0018] The connecting tubes 12 are connected to, for example, three liquid ports, e.g., the
liquid ports 20, 22 and 23. One end of each connecting tube 12 is connected to, for example, a
connector 40 provided In each liquid port 20, 22, 23 and fixed by a tube band 41. The
connector 40 i1s fixed to a nozzle of each liquid port 20, 22, 23 by a clamp 42 having, for
example, a cylindrical screw structure. The connection method between the connecting tube
12 and each liquid port 20, 22, 23 Is not particularly limited and other mechanisms may be
used as long as airtight connection can be provided.

[0019] The thermoplastic tube 11 1s a thermoplastic tube capable of providing aseptic
connection by thermal welding. A material of the thermoplastic tube 11 may be, for example, a
material which can be subjected to a steam sterilization treatment at 121 degrees Celsius but
whose melting point i1s 165 degrees Celsius or lower.

[0020] The thermoplastic tube 11 has one end thereof connected to the connecting tube 12.
For example, the thermoplastic tube 11 and the connecting tube 12 may be connected, for
example, via an |-type connector 50. The thermoplastic tube 11 and the connecting tube 12
are fixed to the I-type connector 50 using the tube bands 51. The connection method between
the thermoplastic tube 11 and the connecting tube 12 i1s not particularly limited and other
methods may be used as long as airtight connection can be provided.

[0021] An opening at an extremity of the thermoplastic tube 11 iIs provided with an
opening/closing cap 52, being an opening/closing part, capable of opening and closing the
Internal space of the connecting tube 12 and the thermoplastic tube 11 relative to the
atmosphere.

[0022] The closure member 13 has a structure of applying pressure to close the connecting
tube 12 using, for example, a screw mechanism. The closure member 13 may employ, for
example, a metallic Hoffman-type pinch cock.

[0023] The expansion member 14 may be formed of, for example, rubber that is expandable
to a balloon-like shape. The expansion member 14 is fixed to a nozzle of the liquid port 21
using, for example, a clamp 60 having a cylindrical screw structure. The connection method
between the expansion member 14 and the liquid port 21 1s not particularly limited and other
methods may be used as long as airtight connection can be provided.
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[0024] The membrane module apparatus 1 includes a fixing apparatus 70 that fixes at least
one of the connecting tube 12 and the thermoplastic tube 11 during steam sterilization, as
shown In Fig. 2.

[0025] The fixing apparatus 70 Includes, for example, a fixing plate 80 and a plurality of
fixtures 81 for fixing the tubes to the fixing plate 80. The fixing plate 80 has a substantially
gquadrangular shape and has, at a lower central part thereof, a recessed cutout 80a for
arranging the hollow fiber membrane module 10 therein. The fixtures 81 may be, for example,
tube bands which are provided at more than one part, e.g., in the vicinity of the right end, the
center and the left end, of an upper part of the fixing plate 80. For example, a polypropylene
flat plate may be used as the fixing plate 80.

[0026] Next, the following description will describe a steam sterilization method of the hollow
filber membrane module 10 using the membrane module apparatus 1 having the configurations
as described above.

[0027] First, the thermoplastic tubes 11 and the connecting tubes 12 are connected to each
other and, in this state, they are detached from the hollow fiber membrane module 10.

[0028] Then, the hollow fiber membrane module 10 is filled with pure water H, being a liquid,
and each liquid port 20-23 Is temporarily stopped.

[0029] Next, a central part of the connecting tube 12 is closed by the closure member 13. The
opening end of the connecting tube 12 Is oriented upward and the pure water H iIs introduced
Into the connecting tube 12. As a result, the internal space, located on the opening end side
with respect to the closure member 13, Iin the connecting tube 12 is filled with the pure water H,
and Is then frozen such that the pure water H does not spill out.

[0030] Next, as shown In Fig. 1, the expansion member 14 is connected to one liquid port 21
of the hollow fiber membrane module 10 such that the pure water H within the hollow fiber
membrane module 10 does not leak out. During this process, the expansion member 14 1s In a
contracted state.

[0031] The connecting tubes 12 filled with the pure water H are connected respectively to the
three liquid ports 20, 22 and 23 of the hollow fiber membrane module 10 such that the pure
water H within the hollow fiber membrane module 10 does not leak out. In this way, the
membrane module apparatus 1 In the state shown In Fig. 1 can be obtained. It should be
noted that the filling rate of the pure water H in the sealed space Including the hollow fiber
membrane module 10 and the connecting tubes 12 Is preferably from 20% to 100%, more
preferably from 50% to 100%, and even more preferably from 95% to 100%, based on the
entire sealed space. It should also be noted that the above filing rate Is indicated by a volume
ratio at a normal temperature.

[0032] Next, as shown In Fig. 2, the thermoplastic tubes 11 of the membrane module
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apparatus 1 are fixed to the fixing apparatus 70. During this process, the hollow fiber
membrane module 10 1s arranged, with the liquid ports 20 and 21 oriented upward, In the
cutout 80a at the lower central part of the fixing plate 80, and the thermoplastic tubes 11 are
each extended upward so as to be fixed onto the fixing plate 80 by the fixtures 81. At this time,
the thermoplastic tubes 11 are extended as much as possible so as to be fixed without
sagging. The opening/closing cap 52 of each thermoplastic tube 11 Is opened to open the
Internal space on the extremity side with respect to the closure member 13 (the internal space,
located on the thermoplastic tube 11 side with respect to the closure member 13, In the
connecting tube 12 and the internal space of the thermoplastic tube 11) to the atmosphere.

[0033] Next, the membrane module apparatus 1 fixed onto the fixing apparatus 70 Is placed In
a sterilized bag 200, being a packaging body of an air permeable member, and then
hermetically sealed. The membrane module apparatus 1 is then placed in a steam sterilization
apparatus. During this process, the fixing plate 80 Is Inserted Into a predetermined
accommodating part in an upright state, the membrane module apparatus 1 is loaded onto a
dolly with the expansion member 14 oriented upward, and the dolly is placed in a sterilization
chamber of the steam sterilization apparatus. In the sterilization chamber, the hollow fiber
membrane module 10 iIs sterilized by steam in the steam atmosphere at 121 degrees Celsius.
During this process, since the thermoplastic tubes 11 are opened, the space In the
thermoplastic tube 11 and the space, located on the thermoplastic tube 11 side with respect to
the closure member 13, In the connecting tube 12 are also exposed to the steam atmosphere
and sterilized. Although the internal pressure of the hollow fiber membrane module 10 greatly
varies due to the temperature variation during the steam sterilization, the pure water H will not
leak out as It 1s sealed by the closure member 13. After the steam sterilization Is completed,
water other than the water filling the filter 1Is removed by drying, the opening/closing cap 52 is
closed, and the membrane module apparatus 1 is shipped out in such state.

[0034] The following description will describe an example of constructing a liquid treatment
system 100 by connecting the thermoplastic tube 11 of the membrane module apparatus 1 and
a liquid treatment circuit 90, as shown In Fig. 3. For example, the liquid treatment circuit 90 of
the liquid treatment system 100 includes a culture medium regulating tank 120, a cell culturing
tank 121, tubes 122 connecting the culture medium regulating tank 120 and the cell culturing
tank 121 to the membrane module apparatus 1, and a pump 123. The tubes 122 may be, for
example, thermoplastic tubes.

[0035] The membrane module apparatus 1 after the completion of the above-mentioned
steam sterilization I1s taken out of the sterilized bag, the fixing apparatus 70 iIs detached
therefrom, and the thermoplastic tubes 11 of the membrane module apparatus 1 and the
thermoplastic tubes 122 of the liquid treatment circuit 90 are aseptically connected using a
dedicated tube joining apparatus. For example, as shown In Figs. 4(a) to 4(c), the
thermoplastic tube 11 and the thermoplastic tube 122 are held in parallel by a tube holding part
130 of the tube joining apparatus, the tubes 11 and 122 are cut by a blade 131 while cut
surfaces of the tubes 11 and 122 are being shifted, and heat is applied to the cut surfaces to
thermally welding them. For example, Sterile Tube Fuser manufactured by GE Healthcare,
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C'eal-Flex TPE Ultra Sealer manufactured by Saint-Gobain and BioWelder (registered
trademark) manufactured by Sartorius Stedim Biotech may be used as the tube joining
apparatus.

[0036] The thermoplastic tube 122 communicating with the culture medium regulating tank 120
IS aseptically connected (portion S1 In Fig. 3) to the thermoplastic tube 11 of the liquid port 23
of the hollow fiber membrane module 10 and the thermoplastic tube 122 communicating with
the cell culturing tank 121 i1s aseptically connected (portion S2 In Fig. 3) to the thermoplastic
tube 11 of the liquid port 20 of the hollow fiber membrane module 10. In this way, the liquid
treatment system 100 is constructed. In this liquid treatment system 100, for example, a cell
culture solution In the culture medium regulating tank 120 i1s sent to the primary side of the
hollow fiber membrane A in the hollow fiber membrane module 10 by a pump 123 through the
tube 122 and the culture solution that has passed through the hollow fiber membrane A is
collected by the cell culturing tank 121 through the tube 122.

[0037] According to the present embodiment, since the liquid ports 20, 22 and 23 of the hollow
filoer membrane module 10 and the thermoplastic tubes 11, being aseptic connection
members, can be connected via the connecting tubes 12 and the closure members 13 can be
attached to the respective connecting tubes 12, it is possible to prevent the pure water H filling
the hollow fiber membrane module 10 from entering the thermoplastic tubes 11. With such
configuration, it Is possible to appropriately perform the aseptic connection by means of
thermal welding of the thermoplastic tubes 11. In addition, since the connecting tubes 12 have
heat resistance to steam sterilization, it can withstand the steam sterilization. Accordingly, the
thermoplastic tubes 11 serving as the aseptic connection members can be applied to the
hollow fiber membrane module 10. Consequently, it 1s possible to eliminate the need to
perform a sterilization treatment when the hollow fiber membrane module 10 is connected to
the liquid treatment circuit 90 of the liquid treatment system 100 and it is therefore possible to
reduce the effort and time required for treatments such as a culture medium filtering treatment.

[0038] Since the closure member 13 has a structure of closing the connecting tube 12 by
applying pressure thereto with its screw mechanism, it i1s possible to prevent the closure
member 13 from being loosened, even when the Iinternal pressure of the hollow fiber
membrane module 10 greatly varies during the steam sterilization, and it i1s thus possible to
maintain a highly closed state.

[0039] Since the thermoplastic tube 11 can be opened and closed by the opening/closing cap
52, the internal space of the thermoplastic tube 11 and the connecting tube 12 can be exposed
to the atmosphere during the steam sterilization and thereby sterilized.

[0040] Since the membrane module apparatus 1 has the fixing apparatus 70 for fixing at least
one of the connecting tube 12 and the thermoplastic tube 11 serving as the aseptic connection
member, 1t Is possible to prevent the connecting tube 12 and the thermoplastic tube 11 from
folding or bending greatly during the steam sterilization and from causing the pure water H to
leak out. In addition, since the expansion member 14 of the hollow fiber membrane module 10
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can be arranged so as to be oriented upward, a few air bubbles that are generated inside can
be guided and collected into the expansion member 14.

[0041] Since the expansion member 14 that expands due to the increase of the internal
pressure of the hollow fiber membrane module 10 during the steam sterilization i1s connected
to one liquid port 21 of the hollow fiber membrane module 10, the increase of the internal
pressure during the steam sterilization can be absorbed and the steam sterilization can be
performed appropriately.

[0042] Although the aseptic connection member Is a thermoplastic tube for allowing aseptic
connection by means of thermal welding In the above embodiment, the aseptic connection
member 1s an aseptic connection connector that allows aseptic connection by removing a
membrane interposed between connecting surfaces. In such case, an aseptic connection
connector 130 i1s attached to, for example, the extremity of the connecting tube 12 as shown In
Fig. 5. The aseptic connection connector 130 Includes a flange-shaped connecting part 141
that forms a connecting surface 141a, and a sealing tape 142 to be provided on the connecting
surface 141a for sealing a duct, and may include, for example, a tubular insertion part 140 to
be Inserted into the connecting tube 12. Examples of the aseptic connection connector 130
may Iinclude a type having a male die and a female die and a type having a pair of dies having
the same shape which can be used in combination. For example, a connecting surface 141a of
one aseptic connection connector 130 and a connecting surface 141a of the other aseptic
connection connector 130 (the aseptic connection connector of the tube on the liquid treatment
circuit 90 side) are fitted with and fixed to each other as shown in Fig. 6, a tape 142 interposed
between these connecting surfaces 141a is pulled out, and the tubes can be connected while
the aseptic state i1s maintained. Aseptic connectors such as Ready Mate DAC manufactured by
GE Healthcare, Kleenpak HT manufactured by PALL, and OPTA SFT (Sterile Fluid Transfer)
manufactured by Sartorius Stedim Biotech may be used as the aseptic connection connector
130.

[0043] In such case, the connecting tube 12 may be provided with an opening/closing part 150
capable of opening and closing the connecting tube 12 with respect to the atmosphere. The
opening/closing part 150 may include, for example, a branched tube 160 which 1s branched
from the connecting tube 12 with the other end being opened and a closure member 161
capable of closing the branched tube 160.

[0044] During the steam sterilization, the closure member 13 Is attached at a position, located
on the hollow fiber membrane module 10 side with respect to the branched tube 160, In the
connecting tube 12 In order to close the connecting tube 12. In addition, the connecting tube
12 1s fixed onto the fixing plate 80 by a fixture 81. The connecting tube 12 Is opened to the

atmosphere by the opening/closing part 150 and subjected to the steam sterilization in that
state. At the end of the steam sterilization, the opening/closing part 150 i1s closed In order to

hermetically seal the connecting tube 12.

[0045] In this example, It Is also possible to prevent the pure water H in the hollow fiber
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membrane module 10 from coming into contact with the aseptic connection connector 130
serving as the aseptic connection member. With such configuration, since the tape 142 does
not get wet, it Is possible to appropriately perform the aseptic connection using the aseptic
connection connector 130. In addition, the opening/closing part 150 can allow the inside of the
connecting tube 12 to be exposed to the sterilization steam during a sterilization treatment and
thus allow the inside of the connecting tube 12 to be sterilized appropriately. In this example,
the opening/closing part 150 may not be provided. In that case, the aseptic connection
connector 130 may be detached so as to open the connecting tube 12 within a sterilized bag
during the steam sterilization and the aseptic connection connector 130 may be attached to the
connecting tube 12 within the sterilized bag after the steam sterilization is completed.

[0046] In the above embodiment shown In Fig. 1, the connector 50 for connecting the heat-
resistant connecting tube 12 and the thermoplastic tube 11 may be replaced with a half-
splittable connector 50, as shown In Fig. 7. In the same way as In the above embodiment, In
the state where the connecting tubes 12 are connected respectively to the liquid ports 20, 22
and 23 of the hollow fiber membrane module 10 of the membrane module apparatus 1 and the
connecting tubes 12 are closed by the closure members 13, the membrane module apparatus
1 may be placed in a sterilized bag and hermetically packaged, then subjected to sterilization
with the connecting tubes 12 and thermoplastic tubes 11 being separated from each other, and
the connecting tubes 12 and thermoplastic tubes 11 may be connected within the sterilized bag
after the sterilization. The half-splittable connector may preferably be a connector having
resistance to the steam sterilization and capable of allowing an easy connecting operation. For
example, MPX-series connectors manufactured by Colder Products Company may be used. In
the embodiments shown in Fig. 1 and Fig. 7, the opening/closing cap 52 may be replaced with
the aseptic connection connector 130 shown In Fig. 5.

[0047] Although preferred embodiments of the present invention have been described above
with reference to the attached drawings, the present invention iIs not limited to those
embodiments.

[0048] For example, although the aseptic connection member is the thermoplastic tube 11 or
the aseptic connection connector 130 In the above embodiments, the aseptic connection
member Is not IImited thereto and the present invention may be applicable to other members
capable of providing aseptic connection. Although the connecting tubes 12 are connected
respectively to the three liquid ports 20, 22 and 23 of the hollow fiber membrane module 10,
the number and position of the connecting tubes 12 are not limited thereto as long as there is
one or more connecting tube. The configuration of the hollow fiber membrane module 10 is not
imited to those employed In the above embodiments and the number, position and shape of
the liquid ports are not limited to those employed Iin the above embodiments. In addition,
connection means and connection methods for connecting the liquid ports of the hollow fiber
membrane module 10, the connecting tube 12 and the aseptic connection member to one
another are not limited to those employed In the above embodiments. The order of connection
may also be changed as appropriate. The configurations of the fixing apparatus 70, closure
member 13 and expansion member 14 are not Iimited to those employed Iin the above
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embodiments. Although the screw-type metallic pinch cock of the closure member 13 Is
particularly suitable for steam sterilization in which the internal pressure becomes high, the
closure member 13 1s not limited thereto and a non-screw type or non-metallic closure member
may also be employed in the present invention.

[0049] In the embodiments set forth above, although the expansion member 13 Is directly
connected to the liquid port 21, it may be connected indirectly. For example, a tube may be
connected to a liquid port of the hollow fiber membrane module 10 and the expansion member
14 may be attached to the extremity of such tube, or a tube with bifurcated extremities may be
connected to the liquid port with one extremity thereof being connected to the expansion

member 14 and the other extremity thereof being connected to the aseptic connection
member.

[0050] The configurations of the liquid treatment system 100 and the liquid treatment circuit 90
are not IImited to those employed Iin the above embodiments and they may have other
configurations. The present invention Is also applicable to membrane module apparatuses and
iqguid treatment systems for performing other liquid treatments such as a virus removing
treatment.

Industrial Applicability

[0051] The present invention is useful in providing a membrane module apparatus that allows
an aseptic connection member to be applicable to a hollow fiber membrane module and avoids
the need for a user to perform a sterilization treatment, a liquid treatment system having such

membrane module apparatus, and a steam sterilization method of a hollow fiber membrane
module.

Reference Signs List

[0052] 1: membrane module apparatus, 10: hollow fiber membrane module, 11: thermoplastic
tube, 12: connecting tube, 13: closure member, 14: expansion member, 20-23 liquid port, 70:
fixing apparatus, 90: liquid treatment circuit, 100: liquid treatment system, 130: aseptic
connection connector, A: hollow fiber membrane
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Patentkrav

1. Membranmodulapparat (1), som skal udsaettes for dampsterilisering,

omfattende:
et hult fibermembranmodul (10) fyldt med en vaeske;

et aseptisk forbindelseselement (130) konfigureret til aseptisk at forbinde

membranmodulapparatet (1) til en kanal,

hvor naevnte aseptiske forbindelseselement omfatter en aseptisk
forbindelsesforbinder (130), som har en flangeformet forbindelsesdel (141)
der danner en forbindelsesflade (141a), og et teetningsband (142)
tilvejebragt pa forbindelsesfladen (141a),

hvor forbindelsesfladen (141a) er konfigureret til at blive tilpasset med og
fastgjort til en forbindelsesflade af en aseptisk forbindelsesforbinder (130)
af kanalen, saledes at taetningsbandet (141) er indskudt mellem disse

forbindelsesflader (141a), hvor taetningsbandet (142) er konfigureret til at

blive trukket ud, samtidig med at opretholde den aseptiske tilstand;

et forbindelsesrgr (12) konfigureret til at forbinde en vaeskeabning (20, 21,
22, 23) af det hule fibermembranmodul (10) og det aseptiske
forbindelseselement til hinanden, hvor forbindelsesrgret (12) har

varmemodstand over for dampsteriliseringen;

et lukningselement (13) konfigureret til at klemme og lukke

forbindelsesrgret (12); og

en abnings-/lukningsdel (150) konfigureret til at abne og lukke et indre
rum, hvor det indre rum er lokaliseret pa det aseptiske
forbindelseselements (130) side i forhold til lukningselementet (13), i

forbindelsesrgret (12) i forhold til en atmosfeere.

2. Membranmodulapparatet (1) ifolge krav 1, hvor lukningselementet (13) er
konfigureret til at pafgre tryk til forbindelsesrgret (12) med en skruemekanisme
for at lukke forbindelsesrgret (12).
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2

3. Membranmodulapparatet (1) ifglge et hvilket som helst af kravene 1 eller 2,
vderligere omfattende et fastggringsapparat konfigureret til at fastggre mindst en

af forbindelsesrgret (12) og det aseptiske forbindelseselement.

4. Membranmodulapparatet (1) ifglge krav 3, hvor fastggringsapparatet (70)
inkluderer en fastggringsplade (80) og en fikstur (81) konfigureret til at fastggre
mindst en af forbindelsesrgret (12) og det aseptiske forbindelseselement pa

fastggringspladen (80).

5. Membranmodulapparatet (1) ifelge et hvilket som helst af kravene 1 til 4, hvor

forbindelsesrgret (12) er lavet af et silikoneharpiks eller et fluorharpiks.

6. Membranmodulapparatet (1) ifglge et hvilket som helst af kravene 1 til 5, hvor
det hule fibermembranmodul (10) har en flerhed af vaeskeabninger (20, 21, 22,
23), og mindst en af vaeskeabningerne er forbundet til et ekspansionselement
(14) der er konfigureret til at ekspandere grundet en ggning i et indre tryk af det

hule fibermembranmodul (10) under dampsteriliseringen.

7. Membranmodulapparatet (1) ifglge krav 6, hvor:

det hule fibermembranmodul (10) har to vaeskeabninger der er |
forbindelse med et indre af en hul fiber-membran (A) og to vaeskeabninger

der er i forbindelse med et ydre af den hule fibermembran (A); og

en af vaskeabningerne der er i forbindelse med det ydre af den hule
fibermembran (A) er forbundet til ekspansionselementet (14) og de andre

tre vaeskeabninger er forbundet til forbindelsesrgret (12).

8. Pakningslegeme der hermetisk indpakker et membranmodulapparat (1), som
skal udsaettes for dampsterilisering,

hvor membranmodulapparatet (1) omfatter:
et hult fibermembranmodul (10) fyldt med en vaeske;

et aseptisk forbindelseselement (130) konfigureret til aseptisk at forbinde

membranmodulapparatet (1) til en kanal,
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hvor naevnte aseptiske forbindelseselement omfatter en aseptisk
forbindelsesforbinder (130), som har en flangeformet forbindelsesdel (141)
der danner en forbindelsesflade (141a), og et teetningsband (142)
tilvejebragt pa forbindelsesfladen (141a),

5 hvor forbindelsesfladen (141a) er konfigureret til at blive tilpasset med og
fastgjort til en forbindelsesflade af en aseptisk forbindelsesforbinder (130)
af kanalen, saledes at taetningsbandet (141) er indskudt mellem disse
forbindelsesflader (141a), hvor taetningsbandet (142) er konfigureret til at

blive trukket ud, samtidig med at opretholde den aseptiske tilstand;

10 et forbindelsesrgr (12) konfigureret til at forbinde en vaeskeabning (20, 21,
22, 23) af det hule fibermembranmodul (10) og det aseptiske
forbindelseselement til hinanden, hvor forbindelsesrgret (12) har

varmemodstand over for dampsteriliseringen;

et lukningselement (13) konfigureret til at klemme og lukke
15 forbindelsesrgret (12); og

en abnings-/lukningsdel (150) konfigureret til at abne og lukke et indre
rum, hvor det indre rum er lokaliseret pa det aseptiske
forbindelseselements (130) side i forhold til lukningselementet (13), i
forbindelsesrgret (12) i forhold til en atmosfaere.

20

9. Pakningslegemet der indeholder et membranmodulapparat ifglge krav 8, hvor
forbindelsesrgret (12) og det aseptiske forbindelseselement er konfigureret til at
kunne forbindes til hinanden under anvendelse af en halvsplitbar forbinder (50).

25 10. Vaeskebehandlingssystem (100) omfattende membranmodulapparatet (1)

ifolge et hvilket som helst af kravene 1 til 7.
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