
SPECIFICATION  Title of the Invention Filtration
Device  Technical Field The present invention relates
to a filtration device,  more particularly to a
filtration device which performs  solid-liquid
separation by allowing a liquid to be treated
containing suspension components to permeate a
membrane  module, and especially to a filtration
device provided  with an air diffuser which performs
air bubbling with  bubbles from a diffuser tube.
Background Art Membrane modules as a catchment portion
in which a  plurality of hollow fiber membranes are
disposed in a  bundled manner with its one end or both
ends fixed to a  fixed member in an open state are
used being attached to  an immersion type suction
filtration device or an external  pressure type
filtration device. Conventionally, membrane  modules
have been widely used in a field of what is called
microfiltration such as purification of river water or
lake water. Recently, not limited to the field of
water  purification, much consideration has been given
to the  application thereof for the treatment of
highly polluted  water such as filtration of secondary
and tertiary  treatments of sewage, drainage,
industrial waste water,  industrial water, etc. In any
case of the water  purification and the treatment of
highly polluted water,  the continuation of filtration
treatment by means of a  filtration device using a
membrane module leads to  deposition of suspension
components contained in a liquid - 1  



to be treated on the surface of membranes or between
membranes, which becomes the cause of blockage of
membranes. That is, hollow fiber membranes are
attached  together to be integrated via deposits so
that the  effective membrane area of the hollow fiber
membrane  inside the membrane module is decreased,
thereby lowering  the permeation flow rate. Thus,
cleaning operation is performed for removing  the
deposits on the surface of membranes periodically. As
the cleaning operation, a process is performed which
introduces air from the lower part of the membrane
module  in a state where an immersion tank is filled
with a liquid  to be treated and separates deposits on
the surface of  membranes by means of air bubbling
which gives vibration  to hollow fiber membranes with
provided bubbles. As methods of the air bubbling,
there are known: a  device for separating deposits on
a membrane surface (see,  e.g., Japanese Patent No.
3014248) in which sheet-like  planar hollow fiber
membrane modules are disposed such  that the sheet
face is in the vertical direction and the  hollow
fiber membrane is in the horizontal direction, and  a
diffuser plate having diffuser openings is provided,
with only the hollow fiber membranes being vibrated by
means of air bubbling; a device for separating
deposits on  membrane surface (see, e.g., Japanese
Laid-Open Patent  (kokai) Publication No. Hei
8-215548) which, in a state  where one end or both
ends of the hollow fiber membrane  is/are open,
obtains catchment function by being fixed by  a fixing
member and performs air bubbling by providing
diffuser openings on one end (lower end); a device for
separating deposits on a membrane surface (see, e.g., 



2  Japanese Patent Publication No. Hei 7-61420) which
introduces air from the lower part of a porous pipe
inserted into the bundle of hollow fibers in which a
multiplicity of hollow fibers are aligned inside an
outer  casing and vibrates the hollow fibers while
raising  bubbles along the porous pipe, so as to
perform air  bubbling; and so on. However, since the
device for separating deposits on  a membrane surface
according to Japanese Patent No.  3014248 performs air
diffusion all over the hollow fiber  membranes from
diffuser openings on a diffuser plate, it  is
necessary to dispose adjoining sheet-like planar
hollow  fiber membrane modules so as to be spaced from
each other  to some extent, in order to perform air
diffusion  sufficiently. Thus, it was difficult to
provide membranes  in high density. Accordingly, the
volume of the portion  where membranes are provided
became large, which led to  the upsizing of the
filtration device. Further, there was  a problem that,
by only performing overall air diffusion  from the
lower part of the membrane module, only the  surface
of the hollow fiber membranes was exposed to air
diffusion, so that air diffusion to between membranes,
particularly to the vicinity of catchment portion
where  blockage of the membranes progresses became
insufficient. Further, a device for separating
deposits on membrane  surface according to Japanese
Laid-Open Patent (kokai)  Publication No. Hei 8-215548
has an air diffusion  structure at one end of the
membrane module by which air  is diffused through air
diffusion openings, so that air is  only diffused to
the outer surface of the hollow fiber  



membrane, but not to the inner surface thereof, which
was 3  not considered to be sufficient in terms of
cleaning  efficiency. In addition, there was a problem
that the device  was not applied to a membrane module
in which a multiplicity  of hollow fiber membranes are
arranged in a bundle in a round  shape. moreover, a
device for separating deposits on membrane  surface
according to Japanese Patent Publication No. Hei 7-
61420 merely has a structure in which a plurality of
porous  pipes are mixed into the bundle of hollow
fibers in which a  multiplicity of hollow fiber
filtration membranes are arranged in a round shape,
which caused a problem of  insufficient air diffusion
to between membranes. in either case, when the number
of hollow fiber  membranes constituting a membrane
module becomes large, the  cleaning efficiency becomes
worsened. Therefore, there was a  limitation for the
number of hollow fiber membranes  constituting a
membrane module, and accordingly there was  also a
limitation for the improvement of filtration
efficiency. Thus, the present invention aims to
provide a compact  filtration device capable of
efficiently separate and remove  suspension components
adhered to membrane surfaces or to  between membranes
by allowing bubbling action by means of  bubbles from
an air diffusion tube to effectively affect the
entire hollow fiber membrane, and capable of disposing
inside  hollow fiber membranes in high density. US
5783083 describes a vertical cylindrical skein of
hollow fiber membranes and method of maintaining clean
fiber  surfaces. JP 7185268 describes a hollow fiber
filter  



membrane element and module. - 4  Disclosure of the
Invention The filtration device of the present
invention is a  filtration device for performing
solid-liquid separation by  immersion type suction
filtration or external pressure  filtration by
allowing a liquid containing suspension  components to
permeate a membrane module, the filtration  device
comprising: a membrane module comprising bundled
membranes in which a multiplicity of hollow fiber
membranes  with vertical axes are contacted closely
with each other at  the upper and lower ends thereof,
and a plurality of diffuser  tubes for performing
bubbling with bubbles inserted co- directionally
between the multiplicity of hollow fiber  membranes
across the axes of the hollow fiber membranes from
one side of the lower part of the bundled membrane.
Further, the above diffuser tube may be formed from
tube  bodies having a small diameter with their tips
chamfered to  have a round shape, may have its tip or
entire body being  coated with a protective tube, and
may have a diffuser  opening being open at its tip. in
addition, a plurality of  diffuser tubes inserted
between a multiplicity of hollow  fiber membranes of
the above bundled membrane may be varied  in their
lengths of insertion into the hollow fiber  membranes.
According to the filtration device of the present
invention, the vibration occurring during the time
when  bubbles jetted from a diffusion tube rise can be
transmitted to the entire bundled membrane, and
suspension components  deposited on membrane surfaces
or between membranes can be  efficiently separated and
removed. Further, since the  



diffuser tube is formed from tube bodies having a
small  diameter capable of threading into - S  between
the hollow fiber membranes for insertion, not much
space for disposition is required even if a plurality
of  diffuser tubes are inserted into a single bundled
membrane, so that hollow fiber membranes can be
disposed  in a high density, thereby allowing the
improvement of  filtration performance, while
achieving the downsizing of  the filtration device.
Brief Description of the Drawings Fig. 1 is a
schematic front view showing one  embodiment in which
a filtration device of the present  invention is
applied to an immersion type suction  filtration
device. Fig. 2 is a schematic plan view of the same
filtration device. Fig. 3 is a plan view showing the
relationship  between the bundled membrane and the
diffusion tubes.  Best Mode for Carrying Out the
Invention The filtration device of the present
invention will  be described in more detail based on
Figs. 1 to 3 which  show one embodiment in which the
device is applied to an  immersion type suction
filtration device. Reference  numbers used in Figs. 1
to 3 are as follows: 11 ... Filtration device; 12 ...
Liquid to be treated; 13 ...  Immersion tank; 14 ...
Membrane module; 15 ... Hollow fiber  membrane; 16 ...
Bundled membrane; 17 ... Catchment portion;  18 ...
Treated liquid discharge tube; 19 ... pump; 21 ...
Diffuser tube; 22 ... Air compressor; 23 ... Air
induction  tube; 24 ... Header; 25 ... Diffuser
opening 



In the filtration device 11 shown in the present
embodiment, a membrane module 14 is disposed in an - 6
immersed manner in an immersion tank 13 filled with a
liquid to be treated 12 which was introduced. The
membrane  module 14 is formed from the combination of
ten bundled  membranes 16 aligned in two rows each
having five, in each  of which a multiplicity of
hollow fiber membranes 15 with  their axes being in
the vertical direction are contacted  closely with
each other at the upper and lower ends  thereof. As
shown in Fig. 3, each of the bundled membranes  16 is
formed from a multiplicity of hollow fiber membranes
15 such that the horizontal section thereof has a
rectangular shape. Each of the bundled membranes 16 is
in  communication with a treated liquid discharge tube
18 via  a catchment portion 17 which holds the ends of
the hollow  fiber membranes 15 in an open state at the
upper and lower  ends thereof. In addition, filtration
operation with the  hollow fiber membranes 15 is
performed by sucking the  interior of the treated
liquid discharge tube 18 with pump  19 so as to
depressurize the inside of the hollow fiber  membranes
15. Further, at the lower part of the bundled membrane
16, diffuser tubes 21 are inserted between the above
multiplicity of hollow fiber membranes 15. This
diffuser  tube 21 is connected to an air induction
tube 23 provided  with an air compressor 22 via a
header 24, and is formed  such that air compressed by
the air compressor 22 is  jetted from an diffuser
opening 25 provided at the tip of  the diffuser tube
21. The diffuser tube 21 can be formed  from metal
materials such as stainless steel, or from  



rigid plastic materials such as polyvinyl chloride,
etc.  In order to push to widen the hollow fiber
membranes 15 of  the bundled membrane 16 for changing
its shape and to  thread into between the hollow fiber
membranes 15 for - 7  insertion, and in order not to
harm the hollow fiber  membranes 15, the shape of the
diffuser tube 21 is  preferably such that it is formed
from tube bodies having  a small diameter with their
tips being chamfered to have a  round shape and that
the tip and entire body thereof are  coated with a
protective tube. The number of the diffuser  tubes 21
and the gap therebetween in a single bundled  membrane
16 and the position of the diffuser opening 25  can be
appropriately set in accordance with conditions  such
as the horizontal sectional shape and sectional area
of the bundled membrane 16. The diffuser tubes 21
inserted  into the single bundled membrane 16
preferably have varied  lengths as shown in Fig. 3.
Further, the diffuser tube 21  may be provided between
the single bundled membrane 16 and  the adjoining
bundled membrane 16. A diffuser opening 25 to be
provided on the diffuser  tube 21 can be provided at a
random position. A diffuser  opening 25 may be
perforated at the side of the tube with  its tip being
closed. It is possible to easily produce the  diffuser
tube 21 by allowing the tip of the tube to open  as it
is to jet air in the axial direction. In addition,
the number of the diffuser tubes 25 is sufficiently
provided at one location at its tip, but it may be
provided at a plurality of locations as needed.
Further,  the diffuser tube 21 is usually formed from
a straight  tube, but it allows slight bending. 



Materials for the above hollow fiber membrane 15 are
not particularly limited, but the one formed from
various  materials can be used such as
polysulfone-type resins,  polyacrylonitrile, cellulose
derivatives, polyolefins  including polyethylene,
polypropylene, etc., polyvinyl - 8  alcohol-type
resin, polysulfone-type resins, fluorine-type  resins
including polytetrafluoroethylene, polyvinyliden
fluoride, etc., polyamide, polyester,
polymethacrylate,  polyacrylate, and so on. In
addition, copolymers of these  resins or those having
a substituent being partially  introduced may be used,
and further resins prepared by  mixing two or more
resins may also be used. Further, for a fixed member
for holding the end of  the hollow fiber membranes 15
in an open state, usually  liquid resins such as epoxy
resins, unsaturated polyester  resins, polyurethane
resins, and so on are cured to be  used. Moreover, for
the catchment portion 17, a material  having
mechanical strength and endurance would be
sufficient. For example, materials such as
polycarbonate,  polysulfone, polyolefin, polyvinyl
chloride, acrylic  resin, ABS resin, modified PPE
resin, and so on can be  used. In the filtration
device thus formed, by actuating a  pump 19,
filtration operation is carried out in which
solid-liquid separation is performed for a liquid to
be  treated 12 flowed into the immersion vase 13 with
the  hollow fiber membranes 15, so that suspension
components  in the liquid to be treated 12 are caught
on the surface  of the hollow fiber membranes 15, and
the treated liquid  from which the suspension
components are separated and  



removed goes through the inside of the hollow fiber
membranes 15 to be sucked into the treated liquid
discharge tube 18 for recovery. Due to the
continuation of such filtration operation,  suspension
components are gradually deposited on the - 9  surface
of the hollow fiber membranes 15 and between the
membranes, which causes the lowering of permeation
flow  rate in the hollow fiber membranes 15 and the
reduction of  the suction pressure of the pump 19.
Accordingly, bubbling  cleaning operation is performed
for separating to remove  the suspension components
deposited on the surface of the  hollow fiber
membranes or between the membranes  periodically or in
accordance with the suction pressure of  the pump 19.
The bubbling cleaning operation is performed by
operating the air compressor 22 to supply compressed
air  to the diffuser tube 21 via the air induction
tube 23 and  the header 24, and jetting bubbles to the
lower part of  the bundled membrane 16 from the
diffuser opening 25  provided at the diffuser tube 21.
At this time, the  diffuser tube 21 is threaded into
between the hollow fiber  membranes 15 at the lower
part of the bundled membrane 16  for insertion. Since
the diffuser openings 25 are disposed  inside the
bundled membrane 16, the bubbles jetted from  the
diffuser opening 25 rise the inside of the bundled
membrane 16. Further, since the bubbles rise among the
hollow  fiber membranes 15 which are in a state of
congestion, it  is hard for them to be large bubbles.
In addition, since  fine bubbles rise upward moving
among the membranes in a  



complicated manner, subtle vibrations occurring during
the  time when the bubbles rise among the membranes
are  transmitted to the entire hollow fiber membranes
15  constituting the bundled membrane 16 directly by
bubbles  from the inside of the bundled membrane 16 or
indirectly  by the movement of water in the space
present between the - 10  hollow fiber membranes 15.
Thus, suspension materials  disposed on the surface of
the hollow fiber membranes and  between the membranes
can be efficiently separated and  removed by
effectively vibrating the membranes.  Accordingly,
cleaning efficiency in the bubbling cleaning
operation can be improved to a large extent. Further,
the  jetting of air into the bundled membrane 16
either may be  performed continuously or may be
performed intermittently. Moreover, compared with a
porous pipe having a  relatively large diameter
inserted into a bundled membrane  as described in the
above-mentioned Japanese Patent  Publication No. Hei
7-61420, a thinner diffuser tube 21  can be used, so
that the number of the hollow fiber  membranes 15 to
be provided per unit sectional area in the  bundled
membrane 16 can be increased and thus the area of
membranes per volume in the entire filtration device
is  enlarged, thereby improving filtration
performance, while  achieving the downsizing of the
filtration device.  Further, due to the improvement of
cleaning efficiency,  effective bubbling cleaning
operation can be performed  with less volume of air,
so that the volume of air for  cleaning per area in
which membranes are provided can be  decreased
compared with prior art. It should be noted that, in
the above embodiment, an  



explanation is given to an example in which the
present  invention is applied to an immersion type
suction  filtration device, but equivalent
function/effect can also  be achieved by applying it
to an external pressure  filtration device. - 11
CLAIMS:  1. A filtration device (11) for performing
solid-liquid  separation by immersion type suction
filtration or  external pressure filtration by
allowing a liquid  containing suspension components to
permeate a membrane  module, the filtration device
(11) comprising: a membrane module (14) comprising
bundled membranes  (16) in which a multiplicity of
hollow fiber membranes  (15) with vertical axes are
contacted closely with each  other at the upper and
lower ends thereof, and a plurality of diffuser tubes
(21) for performing  bubbling with bubbles inserted
co-directionally between  the multiplicity of hollow
fiber membranes (15)- across the  axes of the hollow
fiber membranes (15) from one side of  the lower part
of the bundled membrane (16). 2. The filtration device
according to Claim 1, wherein  the diffuser tubes (21)
comprise tube bodies with  chamfered tips having a
round shape. 3. The filtration device according to
claim 1, wherein  the plurality of diffuser tubes (21)
are varied in their  lengths of insertion into the
hollow fiber membranes (15).  4. The filtration device
according to claim 1, wherein  the diffuser tubes (21)
have a diffuser opening (25) being  open at their tip.
- 12  


