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ABSTRACT

A hollow fiber membrane module, a hollow fiber membrane module unit using
the hollow fiber membrane module, and a water treatment method using the module or
the module unit enable the efficient contact of microorganisms on the surface of a
membrane with a gas, the module and the unit having excellent durability. The hollow
fiber membrane module is formed in such a manner that the end parts of sheet-form
hollow fiber membranes are formed in a substantially rectangular shape and the end tace
of the anchoring member on a side where the hollow fiber membranes open 1s formed in
a substantially circular shape. The hollow fiber membrane module unit is formed in
such a manner that a plurality of modules is disposed. The water treatment method 1s
used to purify treated water with the microorganisms adhered onto the outer surfaces of

the hollow fiber membranes by using the module or the unit.
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DESCRIPTION

HOLLOW FIBER MEMBRANE MODULE, HOLLOW FIBER MEMBRANE
MODULE UNIT, AND WATER TREATMENT METHOD

TECHNICAL FIELD

[0001] The present invention relates to a hollow fiber membrane module, a hollow fiber

membrane module unit, and a water treatment method used mainly for the treatment of

portable water and waste water.

BACKGROUND ARYT

[0002] In typical biological water treatment methods such as an activated sludge
treatment method, aerobic microorganisms and denitrifying bacteria for eliminating
nitrate nitrogen are otten used.

When aerobic microorganisms are used, the inside of a treatment tank needs to
be aerated with air or oxygen in order to maintain activity and improve treatment
capacity of these microorganisms. In order to provide a constant treatment process
when there 1s a variation in inflow load, various treatment methods using immobilized
microorganisms for maintaining a high concentration of microorganisms in the treatment
tank are used. Typical examples are a method of attaching microorganisms to the
surface of a carrier material such as polyurethane, or a method of immobilization by
entrapment of microorganisms within a carrier in which microorganisms are immobilized
with polyvinyl alcohol and the like within a carrier.

Furthermore, when the denitrifying bacteria are used, a system of immobilizing
a cell body by entrapment within polymer gel beads, and supplying a gas to be used for a
reaction (a fluidized bioreactor) has been proposed.

[0003] As a typical example of carriers for immobilizing microorganisms, a hollow
fiber membrane is proposed. If microorganisms are attached or immobilized to the
surface of the hollow fiber membrane, the surtace area of the membrane to be stored per
unit volume can be enlarged. Accordingly, the concentration of microorganisms in the
treatment tank is increased and also oxygen and the like which are necessary for
treatment can be efficiently supplied, so that treatment efficiency can be improved.
[0004] As methods using a hollow fiber membrane, a method of nitrifying and

denitrifying by propagating aerobic nitrifying bacteria to the surface of a hollow fiber
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membrane (for example, see patent references 1 and 2), or a method of immobilizing

autotrophic bacteria which are able to reduce nitrate nitrogen to nitrogen gas within the

hollow fiber to be come a bioreactor element (for example, see patent reference 3) are

disclosed.
[0005] To treat the large amount of water to be treated by a bioreactor, a membrane
having a large area 1s necessary and also water to be treated needs to make contact with
microorganisms on the surface of membrane. Using a conventional module or
bioreactor, there 1s a concern that treatment efficiency decreases if the amount of water to
be treated exceeds an L/hr level. Furthermore, since installation space is limited, a
compact sized module or bioreactor with a membrane having a large area is required.
|0006] Furthermore, 1f microorganisms attached on the surface of the hollow fiber
membrane excessively propagate as the operation of a module or bioreactor continues,
the microorganisms form some clumps between membranes; therefore, contact efficiency
of clumps of microorganisms with water to be treated or gas supplied from the membrane
decreases. This phenomenon remarkably appears as the membrane area is made larger
and the number of hollow fiber membrane increases.
10007] To prevent such a phenomenon, excess microorganisms or the like can be
washed out from the surface of the membrane by means of air bubbling from the bottom
of a module and the like. However, it is required that air bubbling be uniformly applied
to the entire module; therefore, there is a problem in that uniformity in applying air
bubbling decreases as the membrane area of the module increases.
[0008] Furthermore, as the membrane area increases, the large number of the hollow
fiber membranes must be anchored with anchoring members. In this case, since the
cross-sectional area which 1s perpendicular to the longitudinal direction of fibers
provided 1n an anchored portion is enlarged, withstand pressure of the module against gas
pressure to be supplied into the inside of the hollow fiber membrane decreases.

Patent reterence 1: Japanese Unexamined Patent Application, First Publication

No. H 10-85787

Patent reterence 2: Japanese Unexamined Patent Application, First Publication
No. 2000-218290

Patent reference 3: Japanese Unexamined Patent Application, First Publication
No. 2003-33776
DISCLOSURE OF INVENTION
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PROBLEMS TO BE SOLVED BY THE INVENTION

[0009] An object of the present invention is the provision of a hollow fiber membrane
module and a hollow fiber membrane module unit, and a water treatment method using

them, 1n which microorganisms on the surface of the hollow fiber membrane are

efficiently contacted with water to be treated and a gas supplied from the membrane
surface, bubbling washing for removing excess microorganisms is carried out uniformly
and efficiently, and a high withstand pressure against gas pressure to be supplied is
exhibited. The present invention is suited to a hollow fiber membrane module, a hollow

fiber membrane module unit, and a water treatment method using them for the treatment

of a large amount of water to be treated.

MEANS FOR SOLVING THE PROBLEM

[0010] A first aspect of the present invention is a hollow fiber membrane module
comprising: a sheet-form hollow fiber membrane (1) including a hollow fiber membrane
having a non-porous layer; and an anchoring member (2), wherein an end of a side of a
hollow fiber membrane opening of the sheet-form hollow fiber membrane (1) is fastened
by the anchoring member (2) so that a plurality of sheet-form hollow fiber membranes
(1) are substantially parallel to each other while leaving the end open, an end face of the
anchoring member (2) on a side where the hollow fiber membranes are exposed is
substantially rectangular, and an end face of the anchoring member (2) on a side where
the hollow fiber membranes open is substantially circular.

[0011] A second aspect of the present invention is a hollow fiber membrane module
unit comprising a plurality of the above-described hollow fiber membrane modules
provided therein, wherein a plate member (5) having a hole through which at least a part
of an anchoring member (2) passes is provided on a side surface of the hollow fiber

membrane modules perpendicular to sheet surfaces of sheet-form hollow fiber
membranes (1), and the plate member (5) is fastened between the anchoring member (2)

and a water collecting cap (6).

[0012] A third aspect of the present invention is a water treatment method comprising
the steps of: attaching microorganisms to exterior surfaces of sheet-form hollow fiber
membranes (1); supplying water to be treated to the exterior surfaces; and purifying the
water to be treated by supplying a gas into hollow portions of the sheet-form follow fiber
membranes (1), in which a hollow fiber membrane module comprises: the sheet-form

hollow fiber membrane (1) including a hollow fiber membrane having a non-porous
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layer; and an anchoring member (2), wherein an end of a side of a hollow fiber
membrane opening of the sheet-form hollow fiber membrane (1) is fastened by the
anchoring member (2) so that a plurality of the sheet-form hollow fiber membranes (1)
are substantially parallel to each other while leaving the end open, an end face of the
anchoring member (2) on a side where the hollow fiber membranes are exposed is
substantially rectangular, and an end face of the anchoring member (2) on a side where
the hollow fiber membranes open is substantially circular, or a hollow fiber membrane

module unit in which a plurality of the hollow fiber membrane modules are provided is

used.

EFFECTS OF THE INVENTION

[0013] In the hollow fiber membrane module according to the present invention, since
an end face of the anchoring member (2) on a side where the hollow fiber membranes are
exposed 1s substantially rectangular, and an end face of the anchoring member (2) on a
side where the hollow fiber membranes open is substantially circular, withstand pressure
of the hollow fiber membrane anchoring part does not decrease even when the membrane
area 1s increased 1n the module that employs the sheet-form hollow fiber membranes (1)
which can be cleaned efficiently.

10014] In the hollow fiber membrane module unit according to the present invention,
since the plate member (5) having the hole through which at least a part of the anchoring
member (2) passes is provided, the hollow fiber membrane modules are secured in place
by the plate member (5), and the plate member (5) is provided between the anchoring
member (2) and the water collecting cap (6), anchoring the hollow fiber membrane

modules 1s achieved easily and reliably, and a high density of the hollow fiber

membranes (1) can be achieved.

10015] In the water treatment method according to the present invention, since
microorganisms are attached to exterior surfaces of the sheet-form hollow fiber
membranes; water to be treated 1s supplied to the exterior surfaces; and the water to be
treated is purified by supplying a gas into hollow portions of the membranes, using the
above-described hollow fiber membrane module or the hollow fiber membrane module
unit, microorganisms on the surface of membrane can be efficiently contacted with the

water to be treated and the gas supplied from the membrane faces and bubbling washing

for removing excess microorganisms can be carried out uniformly and efficiently.

BEST MODE FOR CARRYING OUT THE INVENTION
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[0016] The present invention will now be described in detail with reference to the
accompanying drawings.

Fig. 1 1s a perspective view of an example of a hollow fiber membrane module
of the present invention. The hollow fiber membrane module (A) is substantially
constituted from sheet-form hollow fiber membranes (1) including a hollow fiber
membrane having a non-porous layer, anchoring members (2), and caps (6). A plurality
of the sheet-form hollow fiber membranes (1) are disposed in parallel to each other at
equal intervals with both ends thereof being left open and secured by the anchoring
members (2), while the caps (6) are mounted on the anchoring members (2).

[0017] In the sheet-form hollow fiber membranes (1) used in the present invention, a
plurality of hollow fiber membranes are arranged in sheet form, for example, the hollow
fiber membranes are formed in parallel with optional means such as knitting or weaving.
Specific methods are disclosed in Japanese Examined Patent Application, Second
Publication No. 4-26886, Japanese Unexamined Patent Application, First Publication No.
1-266258, Japanese Unexamined Patent Application, First Publication No. 3-119159,
Japanese Unexamined Patent Application, First Publication No. 10-57782, and the like;
however, methods are not limited by these.

Furthermore, the sheet-form hollow fiber membrane (1) which constitutes the
hollow fiber membrane module of the present invention includes a hollow fiber
membrane having a non-porous layer. As a hollow fiber membrane, a membrane
composed of only a non-porous layer can be used; however, a certain thickness of the
membrane 1s required to maintain mechanical strength of the membrane itself. If the
thickness of the membrane is thick, gas permeability becomes too low; therefore, the

amount of gas required for treatment cannot be supplied and thus there is a possibility

that the thick membrane is difficult to apply to the water treatment method of the present
invention. As a hollow fiber membrane having a non-porous layer, a three-layer
composite hollow fiber membrane containing a three-layer structure in which porous
layers are provided at both faces of the non-porous layer is preferably used.

[0018] In such hollow fiber membranes, the non-porous layer disposed between porous
layers in the three-layer structure needs to include a gas-permeable material. Though
the non-porous layer has gas permeability, the resistance of gas permeation of the
non-porous layer is higher than that of the porous layer. Therefore, the amount of gas

supply required for treatment is easily controlled and treatment efficiency related to the
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amount of gas supply is increased.

[0019] Regarding the three-layer composite hollow fiber membrane, when a three-layer
composite hollow fiber membrane having a 0.3 to 3 um-thick non-porous layer and 5 to
100 um-thick porous layers in view of gas permeability is used, high mechanical strength
and a satisfactory amount of gas permeation for biological treatment are obtained.

Furthermore, the membrane thickness of the three-layer composite hollow fiber
membrane is preferably 0.1 or more of the ratio of a membrane thickness to an inner
diameter (membrane thickness / inner diameter). When the ratio of membrane
thickness is 0.1 or more, strength of the membrane is improved and the membrane tends
not to burst due to the supply gas. The upper limit of the ratio of membrane is not

especially limited, but preferably, a ratio of 0.6 or less tends to adjust the balance of

strength of the membrane and gas permeability.

The inner diameter of the three-layer composite hollow fiber membrane is not
especially limited. The outer diameter of the three-layer composite hollow fiber
membrane 1s preferably within 100 to 3000 um. When the outer diameter is 100 pm or
more, hollow fiber membranes tend not to tangle with each other in the sheet-form
hollow fiber membrane or between the sheet-form hollow fiber membranes. Especially,
when applying the water treatment method of the present invention, it becomes difficult
to tangle hollow fiber membranes with each other. Then, raw water supplied to the
outside of the hollow fiber membranes is more uniformly contacted with microorganisms
on the membrane surfaces, and water treatment efficiency tends to be improved.
Furthermore, when the outer diameter 1s 3000 um or less, a module having high packing
efficiency of the membranes and superior water treatment efficiency tends to be obtained.

In addition, the pore diameter of the porous layer of the three-layer composite
hollow fiber membrane is preferably within 0.005 to 1 um. When the pore diameter is
0.005 um or more, gas permeate resistance decreases and then a sufficient amount of gas
1s able to be supplied to microorganisms on the membrane surfaces, and therefore,
superior water treatment efficiency tends to be obtained. More preferably, the pore
diameter 1s 0.01 pum or more. When the pore diameter is 1 um or less, it is difficult for
the non-porous layer to become wet by a liquid; therefore, deterioration of the
non-porous layer tends to decrease. More preferably, the pore diameter is 0.8 um or

less.

10020] Typical polymers including the non-porous layer of the three-layer composite
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hollow fiber membrane include polydimethylsiloxane; silicon rubber-based polymer such
as a copolymer of silicon and polycarbonate; polyolefin-based polymer such as
poly(4-methylpentene-1) and low density polyethylene; fluorine-containing polymer
such as pertluoroalkyl-based polymer; cellulose-based polymer such as ethylcellulose;
polyphenyleneoxide; poly(4-vinylpyridine); and urethane-based polymer. A copolymer
or blend polymer of these polymer materials can be used.

[0021] Typical polymer materials including the porous layer of the three-layer
composite hollow fiber membrane include polyolefin-based polymer such as
polyethylene, polypropylene, poly(3-methylbutene-1), and poly(4-methylpenetene-1);
fluorine-based polymer such as polyfluorovinylidene and polytetrafluoroethylene; and
polymer such as polystyrene, polyetheretherketone, and polyetherketone.

For example, when a hollow fiber membrane textile is knitted before the hollow
fiber membranes are made into a sheet, it is required that the hollow fiber membranes be
easily processed. Therefore, materials having high strength and elongation such as
polyethylene and polypropylene are preferably used in the porous layer.

A combination of polymer materials including the non-porous layer and polymer
materials including the porous layer is not especially limited; a combination of the same
kinds of polymers may be used as well as a combination of different kinds of polymers.

The gas permeability of the hollow fiber membrane comprising a non-porous
layer of the present invention is preferably within 0.01 to 50 m°/m? - MPa. When the
gas permeability of the hollow fiber membrane is 0.01 m>/m? - MPa or more, a sufficient
amount of gas 1s supplied to microorganisms on the membrane surfaces and water
treatment efficiency tends to be improved. 0.05 m’/m? - MPa or more is more

preferable. When the gas permeability of the hollow fiber membranes is 50 m>/m* -

MPa or less, gas not used for water treatment is decreased and efficiency of utilizing the
gas 1s improved, and further it tends to be able to prevent microorganisms attached to the
membrane surfaces from falling off more than need be by generation of excess bubbles.
5 m’/m” - MPa or less is more preferable.

[0022] Fig. 2 shows an example of the hollow fiber membrane anchoring section of the
hollow fiber membrane module of the present invention, in a sectional view
perpendicular to the direction of the sheet surface of the sheet-form hollow fiber
membrane. A plurality of the sheet-form hollow fiber membranes (1) are disposed in

substantially parallel to each other at equal intervals with the end thereof being secured
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by the anchoring member (2).

The end face of the anchoring member (2) on the side where the sheet-form
hollow fiber membrane (1) is exposed is substantially rectangular, and the end face of the
anchoring member (2) on the side where the hollow fiber membrane opens is
substantially circular. When the end face of the anchoring member (2) on the side
where the hollow fiber membrane opens is cylindrical, far higher withstand pressure can
be achieved since deflection is smaller than in the case of a rectangular parallelepiped
shape and stress 1s distributed.  Thus, all of the withstand pressure, efficiency of
cleaning, and density of hollow fiber membranes can be improved with this configuration,
even when a large number of sheet-form hollow fiber membranes (1) are disposed.

10023] The side of the anchoring member (2) where the sheet-form hollow fiber
membrane (1) 1s exposed means a side where the sheet-form hollow fiber membrane (1)
extrudes from the anchoring member (2) as an effective membrane face to which
microorganisms are attachable on the surface of the sheet-form hollow fiber membrane
(1). The side of the anchoring member (2) where the hollow fiber membrane opens
means a side where the hollow portion of the hollow fiber membrane opens in the
anchoring member (2).

[0024] The anchoring member (2) may be formed in such a shape that changes
continuously from the side where the sheet-form hollow fiber membrane (1) is exposed
toward the opening end. Furthermore, the following three superior effects can be
achieved at the same time by forming the anchoring member (2) in a constitution that has
a rectangular parallelepiped section (3) of a substantially rectangular parallelepiped shape
on the side where the hollow fiber membrane is exposed, and a cylindrical section (4) of
a substantially cylindrical shape on the side where the hollow fiber membrane opens, as

shown 1n Fig. 1 and Fig. 2.

[0025] 1. A large number of sheet-form hollow fiber membranes (1) can be anchored
while maintaining spaces between each other on the rectangular parallelepiped section

(3) of one anchoring member (2), and therefore, efficient cleaning is ensured.

2. Very high density of the hollow fiber membranes can be achieved by
disposing a plurality of the hollow fiber membrane modules (A) in such an arrangement
that the side faces of adjacent rectangular parallelepiped sections (3) are in contact with

each other, thereby eliminating unnecessary space.

3. A step between the rectangular parallelepiped section (3) and the cylindrical
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section 1s formed, and therefore, an adhesive area of the anchoring member and the
inside of a housing (10) shown in Fig. 4 can be increased and very high withstand
pressure can be achieved.

[0026] The cylindrical section (4) of the anchoring member (2) may not necessarily
have a perfectly circular cross section perpendicular to the central axis of the cylinder,
and may be oval, modified oval, polygonal that approximates a circle such as a
dodecagon or hexadecagon, while a circular cross section is most preferable.

[0027] It 1s preterable that the relationship 0.2 <L/D <1 be satisfied, where D (mm) is
a diameter of the cylindrical section (4) and L (mm) is a length of the cylindrical section

in the axial direction thereof.

10028] Withstand pressure of the hollow fiber membrane anchoring section is heavily
dependent on the value of L/D of the cylindrical section (4). A value of L/D less than
0.2 leads to insufficient withstand pressure, and therefore, the lower limit of L/D is
preferably 0.2 or larger, and more preferably 0.25 or larger. A value of L/D larger than
1 leads to an increase in loss in an effective section of the hollow fiber membrane, and
therefore, an upper limit of L/D is preferably 1 or less, and more preferably 0.8 or less.
When the cross section of the cylindrical section (4) is not a true circle, the
diameter D of the cylindrical section (4) refers to the largest size across the cross section.
[0029] While sizes L and D of the cylindrical section (4) may be set in accordance with
the size of the hollow fiber membrane module, it becomes difficult to install the
sheet-form hollow fiber membranes (1) when D is too small. Thus, a lower limit of D is
preferably 30 mm or larger, and more preferably 50 mm or larger. When D is too large,
1t 1s difficult to process the module and withstand pressure may become insufficient.
Thus, an upper limit of D is preferably 400 mm or less, and more preferably 300 mm or

less.

|0030] When L is too small, a withstand pressure becomes insufficient, and therefore a
lower limit of L is preferably 10 mm or larger, and more preferably 50 mm or larger.

When L 1s too large, a loss in an effective section of the hollow fiber membrane increases
and resistance to passing water increases. Therefore, an upper limit of L is preferably
300 mm or less, and more preferably 200 mm or less.

[0031] Fig. 3 is a perspective view of an example of the hollow fiber membrane
anchoring section for the hollow fiber membrane module of the present invention. The

hollow fiber membrane module (A) of the present invention satisfies the relationship 1 <
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W/D <2, where W (mm) is a length of the longer side of the end face where the hollow
fiber membrane is exposed to the rectangular parallelepiped section (3) and D (mm) is a
diameter of the cylindrical section (4).

[0032] Increasing the value of W relative to D enables the membrane area of the hollow
fiber membrane module to be increased without decreasing the withstand pressure of the
hollow fiber membrane anchoring section. When the value of W/D is too large,
however, the sheet-form hollow fiber membranes (1) are drawn too tightly, thus making
it difficult to arrange the sheet-form hollow fiber membranes. This results in a problem
In that the effective length of the hollow fiber membrane varies among the sheet-form

hollow fiber membranes (1). Therefore, an upper limit of W/D is preferably 2 or less,

and more preferably 1.8 or less.

When the value of W/D is too small, the withstand pressure decreases, although
1t becomes easier to process. Therefore, a lower limit of W/D is preferably 1 or larger,
and more preferably 1.2 or larger.

[0033] While the value of W may be set in accordance with the membrane area of the
hollow fiber membrane module, it becomes difficult to ensure a sufficiently large
membrane area of the module when W 1s too small. Therefore, a lower limit of W is
preterably 40 mm or larger, and more preferably 80 mm or larger.

When the value W is too large, it becomes difficult to process the module.
Therefore, an upper limit of W is preferably 500 mm or less, and more preferably 400
mm or less.

[0034] In Fig. 3, the size W is shown as the height when the rectangular parallelepiped
section (3) 1s larger in height than in width. When width (dimension in the direction
where the sheet-form hollow fiber membranes (1) are stacked) is larger than height, W

represents the width.

[0035] The length of the rectangular parallelepiped section (3) in the axial direction of
the tiber of the hollow fiber membrane may be set appropriately since the configuration
of arrangement of the hollow fiber membranes varies depending on the effective length
and outer diameter of the hollow fiber membrane, width of the sheet-form hollow fiber
membrane (1) and other factors. When the length of the rectangular parallelepiped
section (3) in the axial direction of the fiber of the hollow fiber membrane is too small:
however, it becomes difficult to converge the plurality of sheet-form hollow fiber

membranes (1) having rectangular parallelepiped shapes that are disposed at equal
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intervals into a cylindrical shape. Therefore, a lower limit for the length of the
rectangular parallelepiped section (3) in the axial direction of fiber of the hollow fiber
membrane 1s preferably 5 mm or larger, and more preferably 10 mm or larger.

[0036] When the length of the rectangular parallelepiped section (3) in the axial
direction of the fiber of the hollow fiber membrane 1s too large, a loss in the effective
section of the hollow fiber membrane increases and portions that do not contribute to the
filtration increase resulting in increasing resistance against passing water. Therefore, an
upper limit for the length of the rectangular parallelepiped section (3) in the axial
direction of the fiber of the hollow fiber membrane 1s 100 mm or less, preferably 70 mm
or less and more preferably 50 mm or less.

[0037] The hollow fiber membrane module (A) of the present invention comprises a
plurality of the sheet-form hollow fiber membranes (1) disposed in substantially parallel
to each other at equal intervals. While there 1s no restriction on the method of arranging
the hollow fiber membranes in the sheet configuration, a hollow fiber membrane sheet
woven into a sheet configuration is preferably used. Spacing between the sheet-form
hollow fiber membranes may be set in a range of, for example, from 2 to 100 mm,
depending on the properties of the water to be treated. The number of sheet-form

hollow fiber membranes may also be set in accordance with the membrane area of the

module.

In order to supply a gas which 1s necessary for treatment into each hollow fiber
membrane, the cap (6) is provided on the cylindrical section (4). This cap (6) leads to a
gas pipe. The cap (6) 1s preferably installed by meshing threads (8) formed on the
circumference of the cylindrical section (4) and threads (8) formed in the water collecting
cap (6) with each other while sealing by means of a sealing member (9) such as an O-ring,
as this allows easy dismantling and reliable sealing.

10038} In the hollow fiber membrane module according to the present invention, the
length in the longitudinal direction of the hollow fiber membrane may be set in
accordance with a combination of the length of the sheet-form hollow fiber membrane
(1) and the size of the anchoring member (2). The length in the longitudinal direction
of the hollow fiber membrane is preferably 300 to 3000 mm. When the length is 300
mm or larger, the packing amount of the hollow fiber membrane per module volume

tends to be ensured sufficiently. When the length is 3000 mm or less, conveyance or

attaching operation of modules tends to be easy.
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Furthermore, in the hollow fiber membrane module according to the present

invention, the dimensions of the hollow fiber membrane which 1s not in the longitudinal
direction 1s preferably set in accordance with the length of the longer side of the end face
where the hollow fiber membrane 1s exposed to the rectangular parallelepiped section (3)
of the anchoring member (2), and more preferably 40 to 500 mm.

[0039] Fig. 4 shows another example of the hollow fiber membrane anchoring member
of the hollow fiber membrane module of the present invention, in a sectional view along
a direction perpendicular to a sheet surface of the sheet-form hollow fiber membrane (1).

In this example, the sheet-form hollow fiber membrane (1) is fastened by the
anchoring member (2) in a housing (10).

When the housing (10) 1s provided as in the example shown in Fig. 4, too,
dimensions (D), (L), and (W) are determined with reference to the size of the anchoring
member (2), similarly to the case without the housing (10).

[0040] When the housing (10) 1s provided, too, the cap (6) may be installed by meshing
the threads (8) formed on the circumference of the cylindrical section (4) and the threads
(8) formed 1n the cap (6) with each other while sealing by means of the sealing member
(9) such as an O-ring. The cap (6) may also be integrated with the housing (10).
Alternatively, the cap (6) may be bonded onto the anchoring member (2).

[0041] Fig. 5 1s a perspective view showing another example of the hollow fiber
membrane module of the present invention. The hollow fiber membrane module (A) of
this example roughly comprises the sheet-form hollow fiber membranes (1), the
anchoring member (2), the cap (6), and a supporting member (11). The sheet-form

hollow fiber membranes (1) are disposed in parallel at equal spacing from each other on

the anchoring member (2), and are secured by the anchoring member (2) at one end

thereot and are supported by the supporting member (11) at the other end. The cap (6)

1s mounted on the anchoring member (2).
10042] There are no restrictions on the structure and other features of the supporting

member (11), as long as 1t can support the sheet-form hollow fiber membranes (1) in
substantially parallel at equal Spacing from each other. For example, the entire structure
may be consolidated by applying a resin, or the hollow fiber membranes may be secured
by means of a member that has a rod-like or thread-like shape. Furthermore, the hollow

fiber membranes may be bent at the center in a U-shape, and secured at the bend by the

supporting member (11).
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[0043] When a large quantity of water is to be treated, it is preferable to assemble a
plurality of hollow fiber membrane modules into a hollow fiber membrane module unit
which 1s easier to handle. In this case, it is preferable to construct the hollow fiber
membrane module unit with the density of the hollow fiber membranes as high as
possible without compromising the ease of cleaning.
[0044] Fig. 6 is a perspective view showing an example of the hollow fiber membrane
module unit of the present invention. A hollow fiber membrane module unit (B)
roughly comprises hollow fiber membrane modules (A), plate members (5), the caps (6)
and a side plate (12).
[0045] The plate member (5) has four holes formed therein. With the cylindrical
section (4) inserted into this hole so that the sheet surface of the hollow fiber membrane
module (A) is disposed in the vertical direction and the axial direction of the fiber of the
hollow fiber membranes agrees with the horizontal direction, while the cap (6) is
attached to the protruding cylindrical section (4), the hollow fiber membrane module (A)
can be fastened by the plate member (5).

In the hollow fiber membrane module unit (B) according to the present
invention, the rectangular parallelepiped section (3) of the anchoring member (2) of each
module 1s combined to form a tetragon and the size of the plate member (5) is preferably

set to substantially the same size as the tetragon.

A hole formed in the plate member (5) may have a size so that the cylindrical
section (4) of the anchoring member (2) of each module is naturally inserted into the hole,
the hole preferably having a diameter of 3 to 15 mm larger than the maximum diameter
of the cylindrical section (4).

[0046] The cap (6) can be attached easily and reliably by means of screw engagement
between the threads (8) formed on the cylindrical section (4) and on the cap (6), as
described previously. In this case, as shown in Fig. 7, the cap (6) and the plate member
(5) can be used to position and fasten the hollow fiber membrane module (A) in place by
making the cap (6) larger than the hole formed in the plate member (5).

Four hollow tiber membrane modules (A) are fastened onto the plate member
(3), and the side plates (12) are attached on both sides of the sheet-form hollow fiber

membrane (1) along the sheet surface, thereby assembling the hollow fiber membrane

module unit (B).

While the hollow fiber membrane module unit (B) of the example shown in Fig.
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6 consists of four hollow fiber membrane modules (A), the number may be adjusted as
required.

[0047] In the hollow fiber membrane module unit according to the present invention,
the length in the longitudinal direction of the hollow fiber membrane may be set by
corresponding to the length in the longitudinal direction of the hollow fiber membrane in

the hollow fiber membrane module according to the present invention, and 1s preferably

300 to 3000 mm.

When one module is provided in the horizontal direction, a size of the hollow
fiber membrane which is not in the longitudinal direction 1n the hollow fiber membrane
module unit according to the present invention is preferably determined in accordance
with the size of the anchoring member (2). When plural modules are provided 1n
parallel and in the horizontal direction, it 1s preferred in view of handling property of the
unit that the length in the horizontal direction of the plural modules i1s 2000 mm or less.
When plural modules are provided by stacking upward, it 1s preferred in view of
handling property of the unit that the height of the plural modules stacked is 1500 mm or
lower.

[0048] The side plate (12) has a function of maintaining the shape of the hollow fiber
membrane module unit (B) and a function of concentrating the hollow fiber membranes
without allowing scrubbing air to leak to the outside.

[0049] Specific examples of the side plate (12) include plates comprising stainless steel,
synthetic resin, FRP, and the like which have sufficient rigidity and strength. It is
preferred that the opposite two- or four-way ends of the plate are bent, and thereby
strength of the plate 1s maintained even if the plate is thinned or lightened. Furthermore,
the ends are bent so that the bending angle 1s substantially a right angle, thereby the ends
face each other when plural hollow fiber membrane module units (B) packed in the
vertical direction are used as described below. Therefore, the units are easily fastened
to each other, for example, the units are fastened with a bolt after making holes.

Furthermore, the side plate (12) may be a plate which 1s a frame made of
stainless steel or the like adhered with plates made of resin or light alloy. It is more
preferable to use transparent plates made of synthetic resin, glass, or the like
independently or by adhering to the frame, so that the hollow fiber membrane modules

can be seen from the outside, thus making it possible to check if the modules are kept

clean.
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[0050] The length in the longitudinal direction of the hollow fiber membrane of the side
plate (12) may be a length so that the side plate (12) 1s provided between the plate
members (5) and connects them, in which the plate members (5) are provided at both
sides of the hollow fiber membrane module unit (B) according to the present invention
and compose the unit. The length 1n the vertical direction of the hollow fiber membrane
of the side plate (12) may be a length between the upper end of the rectangular
parallelepiped section (3) of the module placed at the upper side and the bottom end of
the rectangular parallelepiped section (3) of the module placed at the bottom. Using the
stde plate (12) having the above-described size enables scrubbing air to be supplied
efficiently to the hollow fiber membranes without allowing the scrubbing air to leak to

the outside.

[0051] The shape of the hollow fiber module unit (B) can be maintained using only a
flame or a stick member replacing the side plate (12).

Furthermore, if all members of the hollow fiber membrane module (A), the plate
member (5), the cap (6), and the side plate (12) are made of synthetic resin, there is no
concern about each member becoming corroded when these are washed with acid.

[0052] The hollow fiber membrane modules (A) are assembled into a unit without
clearance from each other so as to make contact with each other on the rectangular
parallelepiped sections (3) of the anchoring member (2), thus making it possible to
supply bubbling air uniformly throughout the unit.

The hollow fiber membrane module units (B) assembled as described above can
be arranged as a plurality 1n the vertical direction or horizontal direction and integrated,
so that the area of the hollow fiber membranes can be readily adjusted in accordance with
the processing capacity.

[0053] In this case, it 1s preferable to stack a plurality of the hollow fiber membrane
module units (B) in the vertical direction as shown in Fig. 8 to integrate the units in order
to increase the density of the hollow fiber membranes per unit area, although there is a
limitation by the depth of the submerging water tank in which the hollow fiber membrane
module units (B) are disposed. The hollow fiber membrane module units (B) are
stacked 1n, for example, 2 to 10 levels. When the hollow fiber membrane module units
(B) are cleaned by bubbling from an aerator placed below the units, the stacking level is
preferably from 4 to 6.

[0054] When plural hollow fiber membrane module units (B) are stacked in the vertical
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direction, 1f vertical spacing between the sheet-form hollow fiber membranes (1) of
adjacent hollow fiber membrane modules is too large, streams of bubbling air tend to
converge and form a thick stream, after hitting the membrane surface of the hollow fiber
membrane module located below while rising over the membrane surface of the hollow
fiber membrane module located above. This leads to a weaker effect of diffusion of the
bubbling air, and a uniform effect of cleaning the membrane surface cannot be ensured
for hollow fiber membrane modules located at a higher position.

[0055] For this reason, vertical spacing between the sheet-form hollow fiber
membranes (1) 1s set to 70 mm or less, preferably 60 mm or less. With this construction,
after hitting the membrane surface of the hollow fiber membrane module located at a low
position, the bubbling air rises to the membrane surface of the hollow fiber membrane
module located above while maintaining diffusion. As a result, cleaning performance is
not compromised even when the plurality of hollow fiber membrane modules are stacked
in the vertical direction.

[0056] The vertical spacing between the sheet-form hollow fiber membranes (1) herein
refers to the distance between the bottom end of the anchoring section of the sheet-form
hollow ﬁber membrane (1) of the hollow fiber membrane module located above and the
top end of the anchoring section of the sheet-form hollow fiber membrane (1) of the
hollow fiber membrane module located just below, and does not mean the distance
between the portions that move during vibration movement of air bubbling.

10057] A lower limit of the vertical spacing between the sheet-form hollow fiber
membranes (1) 1s preferably 5 mm or larger, and more preferably 10 mm or larger, since

the hollow fiber membranes may be entangled to make it difficult to clean when the

distance 1s too small.

|0058] When a plurality of hollow fiber membrane module units (B) are stacked in the
vertical direction, 'it 1s necessary to collect the filtrate from different caps (6) and
discharge it. It is preferable to connect the caps (6) with each other by means of piping
members (7) that extend 1n the vertical direction, for easy connection in compact
construction.

10059] For the piping members (7), union joint, flange joint, T-joint, flexible hose,
coupling or the like may be used to connect the cap (6) and the piping members (7), or
between a plurality of the piping members (7).

10060] The piping members (7) may be made of any material that has sufficient
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mechanical strength and durability, such as polycarbonate resin, polysulfone resin,

acrylic resin, ABS resin, modified PPE (polyphenylene ether), vinyl chloride resin,
polyolefin resin (polypropylene, polyethylene, etc.) and metals such as stainless steel,
bronze, brass, and cast steel.

[0061] The anchoring member (2) used in the hollow fiber membrane module of the
present invention may be made of a material that has sufficient bonding strength with the
hollow fiber membrane and the housing (10) and satisfies the requirements of the
application, including thermosetting resins such as polyurethane resin, epoxy resin,
silicone resin or unsaturated polyester resin and thermoplastic resins such as
polyurethane resin, ethylene-vinyl acetate copolymer or polyolefin resin.  The hollow
fiber membrane may be anchored by known methods such as pouring a thermoplastic
resin that 1s melted by heating or applying a thermosetting resin by means of centrifugal
force or gravity.

[0062] When the housing (10) is used, it may be made of a material that satisfies the
requirements of the application such as polyolefin, polycarbonate, modified
polyphenylene oxide, ABS and polyvinyl chloride. A matenial that bonds with the
anchoring member (2) with insufficient strength may be used after applying primer

treatment.

[0063] In the water treatment method according to the present invention, the
above-described hollow fiber membrane module or hollow fiber membrane module unit
of the present invention 1s used when the water to be treated is purified with
microorganisms attached to the exterior surface of the hollow fiber membrane by
supplying water to be treated to the exterior surface of the hollow fiber membrane, and
supplying a gas into the hollow portions of the hollow fiber membrane.

[0064] The gas to be supplied into the hollow portions of the fiber membrane may be
selected 1in accordance with the kinds of microorganisms to be attached to the exterior
surface of the hollow fiber membrane or kinds of components for treatment in the water
to be treated, and, for example, air, oxygen, nitrogen, hydrogen, and the like are used.
(0065] When hydrogen gas 1s used as a gas, the amount of hydrogen gas supply easily
becomes an excess amount when hydrogen gas 1s supplied with the porous membrane
because hydrogen gas has extremely low solubility to water. Hydrogen gas supplied is
almost all discharged to the outside of system without being dissolved into water and

being utilized by microorganisms, so that hydrogen usage efficiency becomes extremely
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low. On the other hand, when the non-porous membrane 1s used, the supply amount is
easily controlled in accordance with the solubility to water or the usage amount of
microorganisms and efficient treatment to the amount of gas supply can be carried out.

Therefore, the water treatment method of the present invention 1s suited for, particularly,

a case where hydrogen gas 1s used as a gas.

[0066] When a hydrogen gas 1s used as a gas, 1t 1s considered that hydrogen that has
passed through the membrane acts as an electron donor, an electron acceptor component
in the water to be treated induces an oxidation-reduction reaction in microorganisms, and
then the electron acceptor component in the water to be treated is reduced.

[0067] As water to be treated, river water, lake water, sewage, and the like are listed,
and, as an electron acceptor component, nitrate 1on, nitrite ion, perchlorate 1on, oxygen,
and the like are listed. Among these, nitrate 1on, nitrite 1on, and perchlorate ion
correspond to harmful components. According to the water treatment method of the
present invention, nitrate 1on and nitrite 1on are converted into nitrogen and perchlorate
10n 1s converted into chlorine 1on, that 1s, harmful components are converted into
harmless maternals.

[0068] In the water treatment method according to the present invention, since the
exterior surface of the hollow fiber membrane has microorganisms attached and makes
contact with water, permeated water and condensed water are accumulated in the hollow
portions of the hollow fiber membrane at a gas supply side by permeating water vapor in
accordance with the progress of treatment. Water accumulated in the hollow portion of
the hollow fiber membrane becomes a resistance factor against a gas supply, and thereby

usage efliciency of membranes i1s decreased. As a result, capacity of a device is

decreased.

[0069] The following driving method 1s preferred for maintaining capacity without

decreasing performance. That 1s, using the hollow fiber membrane in which opposite
end portions of the hollow fiber membrane are fastened as shown in Fig. 1, when water is
accumulated 1n the hollow portions of the hollow fiber membrane, preferably, pressurized
gas 1s pumped from one end surface of the opening of the hollow fiber membrane and the
other end of the opening 1s left open, and then the water accumulated in the hollow
portions of the hollow fiber membrane is discharged. Such an operation enables a gas
to always be supplied to microorganisms on the exterior surface of the membranes

without resistance and efficient treatment to be carried out.
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[0070] Discharging accumulated water may be carried out by hand suitably, and
preferably, a series of operations 1s automatically carried out with a timer, sequencer, or
the like so as to carry out automatically per every specified period.

The pressurized gas used for discharging water 1s preferably the same gas which
1s used for purifying the water to be treated; however, another gas may be used.

BRIEF DESCRIPTION OF DRAWINGS

[0071] Fig. 1 is a perspective view of an example of a hollow fiber membrane module

of the present invention.

Fig. 2 1s a cross-sectional view of an example of a hollow fiber membrane

module of the present invention.

Fig. 3 1s a perspective view of an example of a hollow fiber membrane module
of the present invention.

Fig. 4 1s a cross-sectional view of an example of a hollow fiber membrane
module of the present invention.

Fig. 5 1s a perspective view showing another example of the hollow fiber
membrane module of the present invention.

Fig. 6 1s a perspective view showing an example of hollow fiber membrane
module unit of the present invention.

Fig. 7 1s a cross-sectional view showing an example of hollow fiber membrane
module unit of the present invention.

Fig. 8 1s a cross-sectional view showing another example of hollow fiber

membrane module unit of the present invention.

BRIEF DESCRIPTION OF THE REFERENCE SYMBOLS
10072] 1 sheet-form hollow fiber membrane
2 anchoring member
rectangular parallelepiped section
cylindrical section
plate member
water collecting cap
piping member
thread

sealing member

O 00 N O o AW

10 housing
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11 supporting member

12 side plate
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CLAIMS

1. A hollow fiber membrane module comprising: a sheet-form hollow fiber
membrane (1) including a hollow fiber membrane having a non-porous layer; and an
anchoring member (2),

wherein an end of a side of a hollow fiber membrane opening of the sheet-form

hollow fiber membrane (1) 1s fastened by the anchoring member (2) so that a plurality of
sheet-form hollow fiber membranes (1) are substantially parallel to each other while
leaving the end open, an end face of the anchoring member (2) on a side where the
hollow fiber membranes are exposed 1s substantially rectangular, and an end face of the

anchoring member (2) on a side where the hollow fiber membranes open is substantially

circular.

2. A hollow fiber membrane module according to claim 1, wherein the anchoring
member (2) comprises a rectangular parallelepiped section (3) of substantially
rectangular parallelepiped shape on a side where the sheet-form hollow fiber membranes

(1) are exposed, and a cylindrical section (4) of substantially cylindrical shape on a side

where the sheet-form hollow fiber membranes (1) open.

3. A hollow fiber membrane module according to claim 2, wherein a relationship
0.2 <L/D <1 1s satistied, where D (mm) 1s a diameter of the cylindrical section (4) and L

(mm) 1s a length of the cylindrical section (4).

4. A hollow fiber membrane module according to claim 3, wherein D is 30 to 400
mm.

5. A hollow fiber membrane module according to claim 3, wherein L is 10 to 300
mm.

6. A hollow fiber membrane module according to claim 2, wherein a relationship 1

< W/D <2 1s satistied, where W (mm) is a length of a longer side of an end face of the
rectangular parallelepiped section (3) where the sheet-form hollow fiber membranes (1)

are exposed and D (mm) 1s a diameter of the cylindrical section (4).
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7. A hollow fiber membrane module according to claim 6, wherein W 1s 40 to 500
mm.
8. A hollow fiber membrane module according to claim 1, wherein the hollow fiber

membrane having a non-porous layer has a gas permeability of 0.01 to 50 m’/m” - MPa.

9. A hollow fiber membrane module according to claim 1, wherein the hollow fiber
membrane having a non-porous layer is a three-layer composite hollow fiber membrane

containing a three-layer structure in which porous layers are provided at both faces of the

non-porous layer.

10. A hollow fiber membrane module according to claim 9, wherein the non-porous

layer includes a gas-permeable material.

11. A hollow fiber membrane module according to claim 9, wherein the non-porous

layer has a thickness of 0.3 to 3 um and the porous layer has a thickness of 5 to 100 um.

12. A hollow tiber membrane module according to claim 9, wherein the three-layer
composite hollow fiber membrane has a ratio of a membrane thickness to an inner

diameter (membrane thickness / inner diameter) of 0.1 or more.

13. A hollow fiber membrane module according to claim 9, wherein the three-layer

composite hollow fiber membrane has an outer diameter of 100 to 3000 pum.

14. A hollow fiber membrane module according to claim 9, wherein the porous

layer has a pore diameter of 0.005 to 1 um.

15. A hollow fiber membrane module according to claim 9, wherein the porous

layer includes polyolefin-based polymer.

16. A hollow fiber membrane module unit comprising:

a plurality of hollow fiber membrane modules each comprising:



10

15

20

25

30

CA 02543701 2006-04-26

23

a sheet-form hollow fiber membrane (1) including a hollow fiber
membrane having a non-porous layer; and
an anchoring member (2),
wherein an end of a side of a hollow fiber membrane opening of the
sheet-form hollow fiber membrane (1) is fastened by the anchoring member (2)
so that a plurality of sheet-form hollow fiber membranes (1) are substantially
parallel to each other while leaving the end open, an end face of the anchoring
member (2) on a side where the hollow fiber membranes are exposed is
substantially rectangular, and an end face of the anchoring member (2) on a side
where the hollow fiber membranes open 1s substantially circular, and
wherein a plate member (5) having a hole through which at least a part of an
anchoring member (2) passes is provided on a side surface of the hollow fiber membrane
modules perpendicular to sheet surfaces of sheet-form hollow fiber membranes (1), and

the plate member (5) is fastened between the anchoring member (2) and a water

collecting cap (6).

17. A hollow fiber membrane module unit according to claim 16, wherein a plurality
of hollow fiber membrane module units are stacked in a vertical direction, sheet surfaces
of the sheet-form hollow fiber membranes (1) are disposed in a vertical direction, water
collecting caps (6) that adjoin each other in a vertical direction are connected to each
other by a water collecting member (7) that extends in a vertical direction, and a side

plate (12) is disposed on a side face parallel to the sheet surfaces of the sheet-form

hollow fiber membranes (1).

18 A water treatment method comprising the steps of: attaching microorganisms to
exterior surfaces of sheet-form hollow fiber membranes (1); supplying water to be treated
to the exterior surfaces; and supplying a gas into hollow portions of the sheet-form
hollow fiber membranes (1) to purify the water to be treated,

wherein a hollow fiber membrane module comprises: the sheet-form hollow
fiber membrane (1) including a hollow fiber membrane having a non-porous layer; and
an anchoring member (2), wherein an end of a side of a hollow fiber membrane opening
of the sheet-form hollow fiber membrane (1) is fastened by the anchoring member (2) so

that a plurality of the sheet-form hollow fiber membranes (1) are substantially parallel to
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each other while leaving the end open, an end face of the anchoring member (2) on a side
where the hollow fiber membranes are exposed is substantially rectangular, and an end
face of the anchoring member (2) on a side where the hollow fiber membranes open is

substantially circular, or a hollow fiber membrane module unit in which a plurality of the

hollow fiber membrane modules are provided is used.

19 A water treatment method according to claim 18, further comprising discharging

condensed water in the hollow portions of the hollow fiber membrane to the outside of

the hollow portions using pressurized gas.
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