MEMBRANE FILTRATION SYSTEM AND MEMBRANE BIOREACTOR

INCLUDING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
[ 0001] This application claims priority to Korean Patent Application Nos.
10-2016-0162324 and 10-2016-0162325, both filed on November 30, 2016, the

disclosures of which are incorporated herein by reference in their entirety.

BACKGROUND
Field
[ 0002] Exemplary embodiments of the present disclosure relate to a membrane
filtration system and a membrane bioreactor including the system, and more
particularly, to a membrane filtration system and a membrane bioreactor, capable of
effectively removing foreign matter attached to a separation membrane while saving

energy by reciprocating the separation membrane.

Description of the Related Art

[ 0003] Generadly, separation membrane technology is one of separation
technologies using selective permeability of polymeric materials. Unlike distillation
technology, a membrane separation process does not involve phase change. Thus, the
membrane separation process is advantageous in that it is possible to save energy while
needing only a small space due to the simplicity of the process. A separation
membrane has been developed mainly as a reverse osmosis membrane, and is applied
to awide variety of fieldsincluding ultrafiltration, microfiltration, nanofiltration, etc.

[ 0004] A membrane bioreactor that is one of membrane filtration systems



employs the separation membrane, instead of a settling bath used in a final treatment
step of an existing biological treatment process.

[ 0005] This has many advantages in that efficiency of treating organic and
nitrogen components is enhanced by keeping the concentration of microorganisms in
the reactor high, and solid/liquid separation efficiency is enhanced by removing
suspended matter, microorganisms and others using the separation membrane, solving
the problems of the existing biological treatment process.

[ 0006] The membrane bioreactor has a smaller site area and is higher in
treatment efficiency of the system as compared to a conventional activated sludge
process. Further, it is expected that the use of the membrane bioreactor will
continuously increase to cope with an increasing demand for water and stringent water
guality regulations due to population growth and urbanization.

[ 0007] Generally, a submerged membrane bioreactor refers to a reactor that
directly submerges a separation membrane module in a secondary bioreactor to enable
solid/liquid separation, unlike an existing membrane-coupled treatment system used in
a process subsequent to secondary biological treatment. This is intended to achieve
dual effects of increasing water quality to a high level while performing ssimple
solid/liquid separation.

[ 0008] Meanwhile, in most membrane bioreactor (MBR) processes, when the
separation membrane module is submerged in the bioreactor, the separation membrane
modul e corresponding to a processing capacity is fixedly installed in a separate frame.
Thus, filtration using the separation membrane involves discharging treated water
through a filtration pipe after collecting water at an upper positon or both ends
according to the type of the separation membrane module.

[ 0009] However, suspended matter or the like may attach to a surface of the



membrane during the filtration process, thus undesirably blocking the flow of water.
As the membrane is contaminated, the filtering capacity of the membrane bioreactor
gradually decreases while the transmembrane pressure increases, and it is difficult to
clean the contaminated membrane.

[ 0010] Various application methods of conventional technology for treating
sewage and waste water using the separation membrane have been constantly
researched in Europe and Japan. However, until the early 1990s, this technology did
not develop into practical application technology due to high separation-membrane
cost and energy cost and the problem of blocking of the membrane, staying limited to
an academic research field or a special case.

[ 0011] Since the early 1990s, there has been proposed a submerged or an
activated sludge-coupled separation membrane which is submerged in the activated
sludge reactor and employs upward water stream generated by air bubbles during an
aeration process to effectively inhibit the separation membrane from being blocked.
Therefore, the membrane blocking problem was considerably mitigated, which was the
biggest problem arising when the separation membrane technology was applied to a
Site.

[0012] Conventionally, an air refining method is used to clean the blocked
membrane. As one of air refining methods, there is used a method of spraying air
onto an outer wall of the separation membrane using upward water stream, thus
removing sludge from the membrane while minimizing damage to the membrane.

[ 0013] However, such an air refining method is problematic in that it needs to
be performed throughout the entire separation membrane, so that energy consumption

is considerably high.



SUMMARY
[ 0014] Accordingly, the present exemplary embodiments have been developed
keeping in mind the above problems occurring in the related art, and to provide a
membrane filtration system and a membrane bioreactor including the system, capable
of effectively removing foreign matter attached to a separation membrane while saving
energy by reciprocating the separation membrane.
[ 0015] In accordance with one aspect, there is provided a membrane filtration
system, including a treatment bath, a membrane support frame disposed in the
treatment bath, a separation membrane module installed in the membrane support
frame, a reciprocating part connected with the membrane support frame to reciprocate
the membrane support frame, and a sludge floating part disposed on alower end of the
membrane support frame to float sludge accumulated in the treatment bath, wherein
the separation membrane module comprises an upper frame, a lower frame, and a
hollow fiber membrane provided between the upper frame and the lower frame.
[ 0016] A sump may be provided in the upper frame, and the sump and a
hollow portion of the hollow fiber membrane may communicate with each other.
[ 0017] Each of the upper and lower frames may include an interval
maintaining part protruding from the frame.
[ 0018] The interval maintaining part may include a coupling part to be coupled
with another opposite interval maintaining part.
[ 0019] The hollow fiber membrane may be composed of a plurality of bundles,
the respective hollow fiber membrane bundles being spaced apart from each other.
[ 0020] A pluraity of separation membrane modules may be installed in
paralel in the membrane support frame.

[ 0021] The membrane filtration system may further include a filtration pipe



disposed in the membrane support frame, wherein a plurality of separation membrane
modules may beinstalled in paralel in the filtration pipe.

[ 0022] A plurality of coupling holes may be formed in the filtration pipe, and
an end of the upper frame may be fitted into the coupling hole, and the sump and the
filtration pipe may be coupled to communicate with each other.

[ 0023] The filtration pipe may be disposed on a centra portion of an upper
side of the membrane support frame, and the plurality of separation membrane
modules may be symmetrically coupled to both sides of the filtration pipein paralel.

[ 0024] The filtration pipe may be arranged to be perpendicular to a
reciprocating direction of the membrane support frame.

[ 0025] Further, alength of the hollow fiber membrane may be set by adding a
distance (Lo) between the upper frame and the lower frame to a length that is more
than 0% and equal to or less than 10% of the distance (L0).

[ 0026] The membrane filtration system may further include a length adjusting
part for adjusting the distance (Lo) between the upper frame and the lower frame.

[ 0027] The membrane support frame may include a subsidiary frame to install
aplurality of lower frames, and the length adjusting part may be provided to move the
subsidiary frame up and down.

[ 0028] The length adjusting part may include at least one hydraulic cylinder
provided under the subsidiary frame.

[ 0029] The hydraulic cylinder may be disposed on every vertex of the
subsidiary frame.

[ 0030] The length adjusting part may further include a calculation part
calculating a vertica movement amount of the subsidiary frame, and a drive part

transmitting the vertical movement amount calculated by the calculation part to the



hydraulic cylinder, thus driving the hydraulic cylinder.

[ 0031] Further, the length adjusting part may include a shaft provided under
the subsidiary frame, a cam coupled to the shaft to be rotatable integrally with the shaft,
and amotor rotating the shaft.

[ 0032] In accordance with another aspect, the present invention may further
include alength adjusting part for adjusting alength of the hollow fiber membrane.

[ 0033] The length adjusting part may include an unwinding part to wind or
unwind an end of the hollow fiber membrane.

[ 0034] Further, the invention provides a membrane bioreactor, including a
biological treatment train performing at least one biological treatment process among
anaerobic, anoxic and aerotropic processes, and a membrane filtration system
according to the above-described aspects.

[ 0035] According to an exemplary embodiment, it is possible to effectively
prevent foreign matter from being attached to a separation membrane or to effectively
remove the foreign matter by reciprocating the separation membrane via a
reciprocating part.

[ 0036] A plurality of separation membrane modules is formed in a rectangular
shape in a membrane support frame, thus minimizing a dead zone in a treatment bath
and thereby enhancing the filtration capacity of sewage (or waste water).

[ 0037] Further, a separation membrane module includes an interva
maintaining part to maintain a constant interval between separation membrane modules
and to reduce fouling caused by water staying between the modules.

[ 0038] Consequently, it is possible to save energy used to clean a separation
membrane, as compared to a conventional air refining method.

[ 0039] It is to be understood that the exemplary embodiments are not limited



to the above-described effects and other effects are also embraced without departing

from the scope of the disclosure as defined in the following claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[ 0040] The above and other objects, features and other advantages will be
more clearly understood from the following detailed description taken in conjunction
with the accompanying drawings, in which:
[ 0041] FIG. 1 is aperspective view illustrating an exemplary embodiment of a

membrane filtration system;

[ 0042] FIG. 2 is aview illustrating an exemplary structure of a reciprocating
part of FIG. 1;

[ 0043] FIG. 3isaview illustrating an exemplary link rod of FIG. 2;

[ 0044] FIG. 4isaview illustrating an exemplary rotor of FIG. 2;

[ 0045] FIG. 5 is a side view illustrating a first exemplary embodiment of a

dliding part of FIG. 1;

[ 0046] FIG. 6 isafront sectional view of FIG. 5;

[ 0047] FIGS. 7A and 7B are views illustrating a second exemplary
embodiment of adliding part of FIG. 1;

[ 0048] FIGS. 8A and 8B are views illustrating a third exemplary embodiment
of adliding part of FIG. 1;

[ 0049] FIGS. 9A and 9B are viewsillustrating a fourth exemplary embodiment

of adliding part of FIG. 1;

[ 0050] FIG. 10 isaside view illustrating an exemplary vane member;
[ 0051] FIG. 11 isaview illustrating an exemplary operating state of FIG. 10;
[ 0052] FIG. 12 isaside view illustrating an exemplary sludge floating part;



[ 0053] FIG. 13 is a side sectional view illustrating the exemplary sludge

floating part of FIG. 12;

[ 0054] FIG. 14 isarear view illustrating the exemplary sludge floating part of
FIG. 12,

[ 0055] FIG. 15isaview illustrating an exemplary operating state of FIG. 12;

[ 0056] FIGS. 16A and 16B are views illustrating an exemplary embodiment of

an interval measuring unit ;
[ 0057] FIG. 17 is a top view illustrating an exemplary embodiment of an

interval adjusting part;

[ 0058] FIG. 18 is a partial side view of an exemplary first interval adjusting
part of FIG. 17;
[ 0059] FIG. 19 is a side view illustrating an exemplary second interval

adjusting part of FIG. 17;

[ 0060] FIG. 20 is a side sectional view illustrating an exemplary interlocking
operation of the sludge floating part and the second interval adjusting part of FIG. 19;

[ 0061] FIG. 21 isarear view illustrating the exemplary interlocking operation
of the dudge floating part and the second interval adjusting part of FIG. 20;

[ 0062] FIG. 22 is a view illustrating a structure of an exemplary separation
membrane module of FIG. 1;

[ 0063] FIG. 23 is a view illustrating a first exemplary embodiment of a
membrane support frame of FIG. 1,

[ 0064] FIG. 24 is a view illustrating a second exemplary embodiment of a
membrane support frame;

[ 0065] FIG. 25 is a view illustrating an exemplary method of calculating

| ooseness;



[ 0066] FIG. 26 is an enlarged view illustrating an exemplary length adjusting
part according to afirst exemplary embodiment;

[ 0067] FIG. 27 is an enlarged view illustrating an exemplary length adjusting
part according to a second exemplary embodiment;

[ 0068] FIG. 28 is a view illustrating a first exemplary embodiment of a
filtered-water discharge part of FIG. 1,

[ 0069] FIG. 29 is a view illustrating a second exemplary embodiment of a
filtered-water discharge part;

[ 0070] FIG. 30 is a view illustrating an exemplary arrangement of the
membrane support frame according to afirst exemplary embodiment;

[ 0071] FIG. 31 is a view illustrating an exemplary arrangement of the
membrane support frame according to a second exemplary embodiment;

[ 0072] FIG. 32 is a view illustrating an exemplary arrangement of the
membrane support frame according to athird exemplary embodiment; and

[ 0073] FIG. 33 is a view illustrating an exemplary arrangement of the

membrane support frame according to a fourth exemplary embodiment.

DETAILED DESCRIPTION
[ 0074] Hereinafter, a membrane filtration system and a membrane bioreactor
including the system according to an exemplary embodiment will be described with
reference to FIGS. 1 to 33. For the purpose of clarity, a duplicated description will
be omitted herein, and like components will carry like reference numeral's throughout
the drawings. The term “includes’ means that a part may further include other
components without excluding the components, unless otherwise stated.

[ 0075] A membrane bioreactor according to an exemplary embodiment may



include a biological treatment train performing at least one biological treatment
process among anaerobic, anoxic and aerotropic processes, and a membrane filtration
system performing filtration by a reciprocating membrane. Specifically, influent
water that isto be treated isintroduced into the biological treatment train, and several
biological treatment processes including the anaerobic, anoxic and aerotropic
processes may be performed in the treatment train. That is, an anaerobic process
bath for treating influent water in the absence of dissolved oxygen, an anoxic bath for
treating influent water under the oxygen depleted condition, an aerotropic process
bath for treating influent water in the presence of dissolved oxygen and others may
be arranged in various ways in the order of processes to perform a series of biological
treatment processes.

[ 0076] Next, mixed liquid from the biological treatment train may be
physically filtered by the membrane filtration system, and complete solid-liquid
separation may be performed by the separation membrane, for example. This will
be described below in detail. Further, a part of activated sludge, or return activated
dudge (RAS) returns to the biological treatment train to maintain a sudge
concentration in the train.  Particularly, as will be described later, since air refining
in the membrane filtration system is not utilized, the presence of the dissolved
oxygen in the activated sludge (RAS) may be reduced or eliminated, and thereby the
activated sludge may be carried from the membrane filtration system to the anoxic
bath or the anaerobic process bath. In this regard, the membrane filtration system
may include a membrane tank separately from the biological treatment train to be
arranged therein, or may be disposed in the biological treatment bath.

[ 0077] Hereinafter, the membrane filtration system 100 of an exemplary

embodiment will be described in detail .
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[ 0078] First, referring to FIG. 1, the membrane filtration system 100
according to an exemplary embodiment may mainly include a treatment bath 300, a
membrane support frame 600, a separation membrane module 700, a reciprocating
part 200, a sludge floating part 400, a sliding part 500, and a filtered-water discharge
part (not shown). According to one exemplary embodiment, a length adjusting part
740 (e.g., FIG. 23), an interva measuring unit 810 (e.g., FIGS. 16A, 16B), an
interval adjusting part 870 (e.g., FIG. 17) and a control part 1000 (e.g., FIG. 1) may
be further included. Although the present invention may be applied to various kinds
of devices constituting the membrane filtration system, the membrane bioreactor will
be described by way of example herein.

[ 0079] The treatment bath 300 may be provided in the form of a tank, and
include an inlet port 310 into which waste water (or sewage) is introduced, and an
outlet port 320 from which treated waste water (or sewage) is discharged. In one
exemplary embodiment, the inlet port 310 is formed such that the influent water
flows to an upper portion of the treatment bath 300. Thus, an upward flow from an
inlet of the treatment bath 300 is generated, so that it is possible to prevent the
influent water from staying in a lower portion of the treatment bath 300 and to more
effectively perform filtration. The inlet port 310 may be formed at an upper
position of a surface of the treatment bath 300. In another exemplary embodiment,
a pipe structure that is bent upwards from the lower position may be provided when it
iIseasier to form theinlet port at alower position.

[ 0080] The membrane support frame 600 is disposed in the treatment bath
300 and is a component in which a membrane-type separation membrane module 700
isinstalled. Aswill be described later, the reciprocating part 200 is connected to the

membrane support frame 600, and the membrane support frame 600 is reciprocated
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integrally with the separation membrane module 700 by the reciprocating part 200.

[ 0081] The reciprocating part 200 is connected to the membrane support
frame 600 and may be operable to reciprocate the membrane support frame 600.
Such a reciprocating part 200 may include a reciprocating frame 250 and a drive part
205. The reciprocating frame 250 is connected to the membrane support frame 600
and may be a part that supports the membrane support frame 600. Further, the drive
part 205 is disposed in the treatment bath 300, is connected to a side of the
reciprocating frame 250, and is configured to move the reciprocating frame 250.

[ 0082] Asshown in FIG. 2, such adrive part 205 may include a motor 210, a
first pulley 211, a second pulley 213, a rotor 230, and a link rod 220. The motor
210 may be disposed at a position on an upper end of the treatment bath 300. The
first pulley 211 is coupled to a shaft of the motor 210, and the second pulley 213 is
connected with the first pulley 211 via a power transmission belt 212 to be rotated
along therewith. The rotor 230 is rotatably connected to a rotating shaft 214 of the
second pulley 213, and the link rod 220 is connected between the rotor 230 and the
reciprocating frame 250 to convert a rotating motion into a reciprocating motion.

[ 0083] In an exemplary embodiment shown in FIG. 4, a plurality of
connecting holes 233a and 233b may be formed in the rotor 230. The plurality of
connecting holes 233a and 233b may be arranged at different intervals from a center
of the rotor 230. Referring to FIG. 4, it can be seen that five connecting holes are
formed at different intervals (i.e., having different radii) from the center of the rotor
230. However, without being limited thereto, the connecting holes may be arranged
in various numbers and intervals depending on the size of the rotor 230. A
reciprocating distance of the reciprocating frame 250 may be changed by connecting

the link rod 220 to a different connecting hole.
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[ 0084] For example, to decrease the reciprocating distance of the
reciprocating frame 250, the link rod 220 may be connected to a connecting hole
233a positioned at a relatively smaller interval from the center of the rotor 230. In
this case, since a rotation radius of the connecting hole 233a is reduced when the
rotor 230 rotates, the reciprocating distance of the link rod 220 becomes shorter.
This reduces the reciprocating distance of the reciprocating frame 250.

[ 0085] In contrast, to increase the reciprocating distance of the reciprocating
frame 250, the link rod 220 may be connected to a connecting hole 233b positioned
at arelatively larger interval from the center of the rotor 230. In this case, since a
rotation radius of the connecting hole 233b is increased when the rotor 230 rotates,
the reciprocating distance of the link rod 220 becomes longer. This increases the
reciprocating distance of the reciprocating frame 250.

[ 0086] In an exemplary embodiment shown in FIG. 3, the link rod 220 may
include alink body 221, a plurality of first link holes 223, and a second link hole 225.
The link body 221 may be provided in the form of a long bar, the plurality of first
link holes 223 may be disposed in a side of the link body 221 and may be a part
connected to the connecting hole 233 of the rotor 230, and the second link hole 225
may be disposed in another side of the link body 221 and may be a part connected to
the reciprocating frame 250. According to an exemplary embodiment, the plurality
of first link holes 223 may be formed at regular intervals in a longitudinal direction
of the link body 221. Referring to FIG. 3, it can be seen that four first link holes
223 are formed in the longitudinal direction of the link body 221. However, without
being limited thereto, the plurality of first link holes may be formed in various
numbers depending on the size of the link body 221. A reciprocating distance of the

reciprocating frame 250 may be changed by connecting the rotor 230 to a different a
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different one of thefirst link holes 223.

[ 0087] For example, to decrease the reciprocating distance of the
reciprocating frame 250, the connecting hole 233 of the rotor 230 may be connected
to thefirst link hole 223athat isrelatively near to the second link hole 225 in the link
rod 220. In this case, since the reciprocating distance of the link rod 220 becomes
short when the rotor 230 rotates, the reciprocating distance of the reciprocating frame
250 is likewise reduced.

[ 0088] In contrast, to increase the reciprocating distance of the reciprocating
frame 250, the connecting hole 233 of the rotor 230 may be connected to the first link
hole 223b that is relatively remote from the second link hole 225 in the link rod 220.
In this case, since the reciprocating distance of the link rod 220 becomes long when
the rotor 230 rotates, the reciprocating distance of the reciprocating frame 250 is
likewise increased.

[ 0089] According to the exemplary embodiment, if the first link hole 223b is
connected with the outermost connecting hole 233b of the rotor 230, the
reciprocating distance of the link rod 220 is at the maximum as the rotor 230 rotates,
so that it is possible to maximize the reciprocating distance of the reciprocating frame
250. Conversely, if the first link hole 223a is connected with the connecting hole
233athat is nearest to the center of the rotor 230, the reciprocating distance of the
link rod 220 is at the minimum as the rotor 230 rotates, so that it is possible to
minimize the reciprocating distance of the reciprocating frame 250.

[ 0090] Such a reciprocating motion allows the separation membrane to be
continuously moved even during the sludge filtration, thus causing the sludge to be
detached by inertial force and cleaning the separation membrane. This eventually

prevents the membrane from being blocked and maintains the efficiency of the
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system. Further, since it is possible to adjust the reciprocating distance of the
reciprocating frame 250, it is possible to efficiently regulate a reciprocating distance
(i.e,, amplitude) according to a contamination level of the separation membrane
module 700 by measuring transmembrane pressure (TMP), in addition to saving
energy. Thiswill be described in detail below.

[ 0091] In an exemplary embodiment, the dliding part 500 is disposed in the
treatment bath 300, is linked to the reciprocating part 200, and is operable to guide a
moving direction of the membrane support frame 600. The dliding part 500 may be

present in four exemplary embodiments. Hereinafter, respective embodiments will

be described.
[ 0092] First Exemplary Embodiment
[ 0093] FIGS. 5 and 6 are views illustrating a first embodiment of the sliding

part 500 in the invention shown in FIG. 1.

[ 0094] Referring to FIGS. 5 and 6, the first exemplary embodiment of the
dliding part 500 may include a guide rail 511 and a rolling member 515. A pair of
guide rails 511 may be provided on both sides of the treatment bath 300 in a
longitudinal direction thereof by fastening a bolt or by welding. The guide rail may
be formed to have arectangular cross-section.

[ 0095] The rolling member 515 may be disposed on a lower end of the
reciprocating frame 250 to be seated on an upper end of the guide rail 511. The
rolling member 515 may include a wheel block 513 and a rolling wheel 514. The
wheel block 513 may be connected to the lower end of the reciprocating frame 250
by fastening a bolt 513b or by welding. As a rotating shaft 514b of the rolling
wheel 514 is fitted into a through hole 513a of the wheel block 513, it may be

rotatably mounted to the wheel block 513.
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[ 0096] The rolling wheel 514 may include a central wheel part 514a and a
support wheel part 514c. The central wheel part 514ais seated on the guide rail 511
and serves to support aload of the reciprocating frame 250. The support wheel part
514c is a part that extends to a side of the guide rail 511 so as to prevent the
reciprocating frame 250 from falling off of the guide rail 511 during the movement.
Thus, the rolling wheel 514 stays on the guide rail 511 during the reciprocating
motion to be relatively stably operated. Stoppers 512 may also be provided on both

ends of the guide rail 511 to prevent the rolling wheel 514 from falling off of the

guiderail 511.
[ 0097] Second Exemplary Embodiment
[ 0098] FIGS. 7A and 7B are views illustrating a second exemplary

embodiment of the sliding part 500 shown in FIG. 1.

[ 0099] Referring to FIGS. 7A and 7B, the second exemplary embodiment of
the dliding part 500 may include a guide rail 521 and arolling member 525. A pair
of guide rails 521 may be provided on both sides of the treatment bath 300 in a
longitudinal direction thereof by fastening a bolt or by welding. The guide rail 521
may be provided in a tapered shape in a direction from an outer position to an inner
position.

[ 00100] The rolling member 525 is disposed on each of opposite sides of a
lower end of the reciprocating frame 250 and includes a wheel support 523 and a
tapered wheel 524. The wheel support 523 may be connected to the lower end of
the reciprocating frame 250 by fastening a bolt 523b or by welding. A rotating shaft
524a of the tapered wheel 524 is rotatably fitted into a through hole 523a of the
wheel support 523 and may be provided in a tapered shape in a direction from a

center to an outer position.
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[ 00101] Since the tapered shape of the guide rail 521 and the tapered shape of
the tapered wheel 524 correspond to each other, the rolling member 525 is stably
seated on an upper end of the guide rail 521, thus allowing the reciprocating frame
250 to be smoothly operated. Stoppers 522 may be disposed on both ends of the
guide rail 521 to prevent the tapered wheel 524 from falling off of the guide rail 521.
[ 00102] Third Exemplary Embodiment

[ 00103] FIGS. 8A and 8B are views illustrating a third exemplary embodiment
of the diding part 500 of FIG. 1.

[ 00104] Referring to FIGS. 8A and 8B, the third exemplary embodiment of
the dliding part 500 may include alinear guide 531, ball bearings 534, and a movable
beam 533. A pair of linear guides 531 may be provided on both sides of the
treatment bath 300 in a longitudinal direction thereof by fastening a bolt or by
welding. The ball bearings 534 may be disposed on a portion of the linear guide
531 on which the movable beam 533 is seated so as to allow a smooth movement.

[ 00105] The movable beam 533 may be connected to the lower end of the
reciprocating frame 250 by fastening a bolt 533b or by welding, and may be seated
on the linear guide 531. If the reciprocating frame 250 is reciprocated by the drive
part 205, the movable beam 533 moves on the linear guide 531.  Since the movable
beam 533 is moved while being seated in an inner groove 531a of the linear guide
531, the beam may be stably operated without being removed from a predetermined
position. Further, stoppers 532 may be disposed on both ends of the linear guide
531 to prevent the movable beam 533 from being moved beyond a predetermined
range in alongitudinal direction.

[ 00106] Fourth Exemplary Embodiment

[ 00107] FIGS. 9A and 9B are views illustrating a fourth exemplary
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embodiment of the sliding part 500 of FIG. 1.

[ 00108] Referring to FIGS. 9A and 9B, the fourth exemplary embodiment of
the diding part 500 includes a guide rail 551, a wheel block 561, arolling wheel 571
and a support unit 580. A pair of guide rails 551 may be provided on both sides on
the upper end of the treatment bath 300 in a longitudinal direction thereof by
fastening a bolt 554 or by welding. The guide rail 551 may be formed in the shape
of an | beam and a first protrusion 552 extending downwards may be linearly
arranged along the guide rail 551 to form an edge portion of an upper end of the
guide rail 551.

[ 00109] The wheel block 561 may be coupled to the lower end of the
reciprocating frame 250 by fastening a bolt 562 or by welding, and the rolling wheel
571 may be rotatably mounted on the wheel block 561. Specifically, the rolling
wheel 571 may be rotatably connected to the wheel block 561 by fitting a rotating
shaft 573 of the rolling wheel 571 into a through hole 566 of the wheel block 561 and
then fastening a wheel cap 574 via a bolt 575. A bearing 565 may be disposed on
the wheel block 561 to allow the rolling wheel 571 to be smoothly rotated and a shaft
cover 563 may be fixed by a bolt 564. The rolling wheel 571 may be implemented
in adisc shape. A second protrusion 572 protruding towards a center of the rolling
wheel 571 may be formed on an outer circumference of the rolling wheel in a
circumferential direction thereof.

[00110] The support unit 580 may be disposed between the rolling wheel 571
and the guide rail 551 to be operated in conjunction with each other, thus preventing
the rolling wheel 571 from falling off of the guide rail 551. Such a support unit 580
may include a first body part 581, a second body part 583, a first support wheel 582

and a second support wheel 584.
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[00111] The first body part 581 may be a part that is fitted onto the first
protrusion 552 of the guide rail 551. The first support wheel 582 is disposed inside
the first body part 581 and the first support wheel 582 performs a rectilinear motion
while rolling along the first protrusion 552. The first support wheel 582 may be
configured such that a rotary wheel 582a is mounted on a wheel body 582b and the
wheel body 582b is fixed on the first body part 581 via a bolt 582c.

[00112] The second body part 583 may be a part that is fitted onto the second
protrusion 572 of the rolling wheel 571. The second support wheel 584 is disposed
inside the second body part 583, and the second support wheel 584 rolls on the
second protrusion 572 as the rolling wheel 571 rotates. The second support wheel
584 may be configured such that a rotary wheel 584a is mounted on a wheel body
584b and the wheel body 584b is fixed into the second body part 583 via a bolt 584c.

[00113] The first body part 581 and the second body part 583 may be
connected to each other by fastening a bolt 586. In this case, since the first body
part 581 and the second body part 583 support the first protrusion 552 and the second
protrusion 572 to come into close contact therewith, the rolling wheel 571 may come
into close contact with the guide rail 551 and thereby may move without being
removed from a predetermined position.

[00114] According to the above-mentioned exemplary embodiments, the
dliding part 500 allows the membrane support frame 600 to more stably and smoothly
perform the rectilinear motion by the reciprocating part 200, thus saving energy and
improving the movability of the separation membrane.

[ 00115] Hereinafter, exemplary embodiments of the sludge floating part 400.
The sludge floating part 400 is included to prevent the sludge from staying in and

being accumulated in the treatment bath 300 while causing the sludge to float, thus
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allowing a filtration operation to be easily performed via the separation membrane
module.

[ 00116] First Exemplary Embodiment

[00117] According to the first exemplary embodiment, the sludge floating part
400 may be composed of a vane member 410, which will be described with reference
to FIGS. 10 and 11. FIG. 10 isaside view illustrating a vane member according to
an exemplary embodiment, and FIG. 11 isaview illustrating an exemplary operation
state of FIG. 10.

[00118] The vane member 410 may be disposed on a lower end of the
membrane support frame 600 and operable to float sludge that is accumulated in a
lower portion of the treatment bath 300. Such a vane member 410 may include a
vane body 411 and a floating wing 413.

[ 00119] The vane body 411 may be disposed on the lower end of the
membrane support frame 600. A plurality of vane bodies may be attached in a
widthwise direction of the membrane support frame 600. In the exemplary
embodiment of FIG. 10, three vane bodies are mounted on the lower end of the
membrane support frame 600. However, the number of the vane bodies 411 may be
changed depending on the viscosity of the sludge, the amount of the sludge, etc.

[ 00120] For example, if the viscosity of the sludge is high and a strong vortex
is required to float the sludge, or if alarge amount of sludge is accumulated and a lot
of floating operations is required, the number of vane bodies 411 that are attached to
the lower end of the membrane support frame 600 may be increased. As the
number of the vane bodies 411 is increased, the number of floating wings 413
coupled thereto is likewise increased to correspond to the number of the vane bodies.

[00121] The floating wing 413 may be connected to the lower end of the vane
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body 411 at a predetermined angle © so as to float the sludge during the
reciprocating motion of the membrane support frame 600. In the exemplary
embodiment, the angle may be 150 degrees, but may be varied depending on a
distance from the bottom of the treatment bath 300, the thickness of a sludge layer,
etc. without being limited to 150 degrees.

[ 00122] Referring to FIG. 11, if the membrane support frame 600 reciprocates,
the floating wing 413 moves in the reciprocating direction of the membrane support
frame 600, thus causing a vortex in the sludge accumulated in the lower end of the
treatment bath 300. Consequently, the sludge floats and filtration is performed via
the separation membrane 700.

[ 00123] Second Exemplary Embodiment

[ 00124] According to a second exemplary embodiment, the sludge floating
part 400 may be composed of a sludge floating part 420 and will be described with
referenceto FIGS. 12t0 15. FIG. 12 isaside view illustrating a sludge floating part
according to an exemplary embodiment, FIG. 13 is a side sectional view illustrating
the exemplary sludge floating part of FIG. 12, FIG. 14 is arear view illustrating the
exemplary sludge floating part of FIG. 12, and FIG. 15 is a view illustrating an
exemplary operating state of FIG. 12.

[ 00125] As shown in FIG. 13, the sludge floating part 420 may be stretchably
disposed on the lower end of the membrane support frame 600 to float sludge that is
accumulated in a lower portion of the treatment bath 300. Such a sludge floating
part 420 may include a first vane body 421, a second vane body 441, a third vane
body 470, an elevating unit 430, a floating wing 480, an elastic body 450, and a
shock absorbing pad 460.

[ 00126] The first vane body 421 may be disposed on the lower end of the
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membrane support frame 600. Further, the second vane body 441 may be
connected to alower end of the first vane body 421. Specifically, afirst space 421a
is formed in the first vane body 421 and a part of the second vane body 441 is
disposed in the first space 421a and is configured to move up and down. In this
regard, a first cover 423 may be fixed by fastening a bolt 424 and a first sealing pad
425 may be disposed between an inner surface of the first cover 423 and an outer
surface of the second vane body 441 to be in close contact therewith, thus preventing
theinflow of fluid into the first space 421a.

[00127] The elevating unit 430 may be disposed between the first vane body
421 and the second vane body 441 to be operated in conjunction therewith and
provided to move the second vane body 441 up and down. Such an elevating unit
430 may include a hydraulic cylinder 431 and an elevating rod 433. The hydraulic
cylinder 431 may be fixed to a surface of the first vane body 421 by bolting or by
welding. Further, the elevating rod 433 may be connected to arod of the hydraulic
cylinder 431 by bolting or by welding. Referring to FIGS. 13 and 14, the elevating
rod 433 is mounted in alongitudinal direction of the second vane body 441.

[ 00128] When the hydraulic cylinder 431 is actuated, the elevating rod 433
moves up and down to adjust a vertical position of the floating wing 480. Thus, a
proper position may be selected where the sludge accumulated in a bottom of the
treatment bath 300 may be effectively floated while the floating wing 480 does not
collide with the bottom of the treatment bath 300.

[ 00129] The third vane body 470 is connected to the lower end of the second
vane body 441. Specificaly, as shown in FIG. 13, a part of the third vane body 470
is disposed in a second space 441a formed in the second vane body 441 to be

movable up and down, and a second sealing pad 455 may be disposed between the
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inner surface of the second vane body 441 and the outer surface of the third vane
body 470 so asto prevent the inflow of fluid into the second space 441a.

[ 00130] The floating wing 480 may be connected to the lower end of the third
vane body 470 so as to float the sludge during the reciprocating motion of the
membrane support frame 600. Further, such afloating wing 480 may be disposed to
form a predetermined angle © with the third vane body 470. In the exemplary
embodiment, the angle may be 150 degrees but may be varied depending on a
distance from the bottom of the treatment bath 300, the thickness of a sludge layer,
etc. without being limited to 150 degrees.

[00131] Further, the elastic body 450 may be disposed between the second
vane body 441 and the third vane body 470 to absorb shocks generated when the
floating wing 480 collides with the bottom of the treatment bath 300. Specificaly,
the elastic body 450 is disposed in the second space 441a of the second vane body
441, and a second cover 443 is placed and fixed with fastening a bolt 444. A lower
side of the elastic body 450 comes into contact with an upper side of the third vane
body 470. If the floating wing 480 comes into contact with the bottom of the
treatment bath 300, the floating wing 480 creates an upward impact force due to the
collison. At thistime, the eastic body 450 absorbs the upward motion of the third
vane body 470, thus mitigating the impact force.

[ 00132] In order to further mitigate shocks generated when the floating wing
480 collides with the bottom of the treatment bath 300, the shock absorbing pad 460
may be disposed on an end of the floating wing 480. Such a shock absorbing pad
460 may be made of elastic materials, such as rubber, silicone, or plastics.

[ 00133] The function of the shock absorbing pad 460 is as follows. Before

the floating wing 480 collides with the bottom of the treatment bath 300, the shock
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absorbing pad 460 is first impacted and is bent by elastic force, thus first cancelling
the impact force applied to the floating wing 480. That is, when the floating wing
480 collides with the bottom of the treatment bath 300, the shock absorbing pad 460
primarily absorbs shocks by the elastic material, and secondarily absorbs shocks as
the elastic body 450 moves the third vane body 470 up and down. This eventualy
prevents the floating wing 480 from being damaged.

[ 00134] FIG. 15 illustrates the exemplary operating state of the sludge floating
part 420. Referring to FIG. 15, while the membrane support frame 600
reciprocates, the sludge floating part 420 mounted on the lower end of the membrane
support frame 600 also reciprocates, thus causing a vortex and floating the sludge.
In this case, even if the floating wing 480 excessively approaches the bottom of the
treatment bath 300, the shock absorbing pad 460 primarily mitigates shocks, and the
impact force transmitted to the third vane body 470 by the floating wing 480 is
secondarily mitigated by the elastic body 450, thus preventing damage during
operation.

[ 00135] The separation membrane module 700 may be selected from a group
including a spira wound type, a tubular type, a hollow fiber type, and a plate and
frame type. Especidly in the hollow fiber type, the hollow fiber has a diameter
ranging from 0.2 to 2 mm and is in the form of a tube that is hollow in the center.
Thus, a membrane area ratio per unit volume of the hollow fiber is very high as
compared to other types, so that it is possible to attain high productivity.
Consequently, in an exemplary embodiment, the separation membrane module 700 is
composed of the hollow fiber membrane.

[ 00136] The hollow fiber separation membrane may employ a pressurization

method in which filtration is performed from an inside to an outside of the hollow
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fiber membrane, and a suction method performed in an opposite direction.  Further,
a method of using the hollow fiber membrane in an activated sludge process used to
treat wastewater and sewage is classified into an external type where circulation is
performed outside, and a submerged type where a module is directly submerged in a
reactor. This embodiment will be described with reference to the method of
pumping filtered water from the outside to the inside of the separation membrane
module 700, and the method of directly submerging the separation membrane module
700 in the treatment bath 300.

[ 00137] An exemplary embodiment of the separation membrane module 700
will be described in detail with reference to FIG. 22. The separation membrane
module 700 includes an upper frame 710 and a lower frame 720. A plurality of
hollow fiber membranes 730 in the form of the bundle may be fixedly installed
between the upper frame 710 and the lower frame 720.

[ 00138] The upper frame 710 and the lower frame 720 are formed to be
symmetric with respect to each other while having the same shape. However, the
frames may be formed in various shapes. According to this exemplary embodiment,
each of the upper frame 710 and the lower frame 720 has the shape of an elongated
rectangle.

[ 00139] The hollow fiber membrane 730 is fixed at both ends thereof to the
upper frame 710 and the lower frame 720. The hollow fiber membrane 730 may be
fitted such that a hollow portion of the hollow fiber membrane 730 communicates
with a sump 711 that is formed to define a space in the upper frame 710. Thus, the
filtered water that is filtered while being pumped from the outside to the inside of the
hollow fiber membrane may be collected in the sump 711. This will be described in

detail in the following description of the filtered-water discharge part.
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[ 00140] In the above-described exemplary embodiment, both ends of the
hollow fiber membrane 730 are fixed to the upper frame 710 and the lower frame
720. However, according to another exemplary embodiment, the hollow fiber
membrane may be installed between the upper frame and the lower frame, but the
hollow fiber membrane may be wound in a U-shape via a fixing bar (not shown)
provided on the lower frame while both ends of the hollow fiber membrane may be
fixed to the upper frame. For example, the fixing bar may be a bar having a space
through which the hollow fiber membrane may pass.

[00141] The hollow fiber membranes 730 are closely formed like a curtain in
the longitudinal direction of the frame. Moreover, the hollow fiber membranes may
be formed in bundles at regular lengths such that the bundles are spaced apart from
each other by a predetermined distance. This gives a slight separation distance to
allow water to be circulated well, because water stays and fouling becomes severe if
the separation membranes are too closely arranged in the longitudinal direction.

[ 00142] A plurdity of separation membrane modules 700 configured as
described above may be disposed in the membrane support frame 600. If thereisno
interval or a very small interval between neighboring separation membrane modules
700, water may stay between the modules and thereby fouling may become severe.
Therefore, the density of the separation membrane modules 700 should be reduced to
allow water to smoothly flow between the modules.

[ 00143] As shown in FIG. 22, in order to keep the interval between the
separation membrane modules 700 constant, an interval maintaining part may be
further formed on each of the upper frame 710 and the lower frame 720.
Specifically, one or more interval maintaining parts 712 may be formed on both sides

of the upper frame 710 to protrude by a predetermined length, and one or more
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interval maintaining parts 722 may be likewise formed on both sides of the lower
frame 720 to protrude out. In one exemplary embodiment, the upper frame interval
maintaining part 712 and the lower frame interval maintaining part 722 are formed at
the same position to be symmetric with respect to each other. The interval
maintaining part may be formed integrally with the upper frame or the lower frame
structure or formed separately from the upper frame or the lower frame structure and
then coupled thereto.

[ 00144] According to this exemplary embodiment, two interval maintaining
parts 712 and 722 are formed on both sides of the upper frame 710 and the lower
frame 720, and are located at both ends in the frame longitudinal direction. Further,
the interval maintaining parts 712 and 722 protrude from the upper frame 710 and the
lower frame 720 by approximately 1 cm. Thus, when the plurality of separation
membrane modules 700 is arranged, the interval maintaining parts of the facing
separation membrane modules 700 butt against each other. Consequently, the
interval between the respective modules may be kept constant, namely, at about 2
cm. However, it is to be understood that the interval maintaining part may be
formed to protrude from the upper frame or the lower frame by about 1 cm or more.
In this case, the interval between the respective modules may be about 2 cm or more.

[ 00145] The interval maintaining part may not be formed on both sides of each
frame but may be formed on only one side thereof. In thisregard, in order to allow
water to smoothly flow while preventing water from staying between the respective
separation membrane modules 700, the interval between the respective modules may
be 2 cm or more. However, if the interval is too large, the separation membrane
modules occupy a large installation space and filtration efficiency islowered. Thus,

theinterval between the respective modules may be 4 cm or less.
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[ 00146] Further, the interva maintaining parts 712 and 722 may include a
coupling part (not shown) to allow the interval maintaining part to be easily coupled
with another opposite interval maintaining part. For example, the coupling part may
be a magnet. An S-pole is formed on an interval maintaining part located at one
side of the frame, and an N-pole is formed on an interval maintaining part located at
the other side of the frame, thus allowing the plurality of separation membrane
modules 700 to be coupled with each other. Thus, even if the separation membrane
module 700 reciprocates, the interval between the respective modules may be firmly
maintained.

[00147] The membrane support frame 600 according to an exemplary
embodiment and a structure in which the plurality of separation membrane modules
700 isinstaled in the membrane support frame 600 will be described.

[ 00148] First Exemplary Embodiment

[ 00149] The membrane support frame 600 according to the first exemplary
embodiment and the structure of the separation membrane module 700 disposed in
the membrane support frame 600 will be described with reference to FIG. 23. For
reference, FIG. 23 illustrates an exemplary embodiment where four separation
membrane modules are arranged in one membrane support frame to show the
arrangement of the separation membrane modules. However, without being limited
thereto, different numbers of separation membrane modules may be arranged in one
membrane support frame.

[ 00150] According to this exemplary embodiment, the membrane support
frame 600 may be in the shape of arectangular frame, and may include a subsidiary
frame 620 for installing the plurality of separation membrane modules 700. The

subsidiary frame 620 is provided on a lower side of the membrane support frame
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600. Thus, the plurality of separation membrane modules 700 may be coupled to
the subsidiary frame 620 using a bolt or by fitting the pluraity of separation
membrane modules 700 into a rail formed on the subsidiary frame 620.
Specifically, lower frames 720 of the separation membrane module 700 are mounted
on the subsidiary frame 620, and upper frames 710 of the separation membrane
module 700 may be fixed to the membrane support frame 600 or a separate frame
such as the subsidiary frame. However, without being limited thereto, the
separation membrane module 700 may be installed in the subsidiary frame 620 in
various ways. In addition, the plurality of separation membrane modules 700 may
be directly installed in the membrane support frame 600.

[ 00151] The subsidiary frame 620 may be formed as a rectangular plate to
correspond to a lower surface of the membrane support frame 600. Alternatively,
the subsidiary frame may be formed in the shape of a plurality of rods that are formed
in parallel on a lower portion of the membrane support frame 600 in a direction
where the plurality of separation membrane modules 700 is arranged in the
membrane support frame 600.

[ 00152] The plurality of separation membrane modules 700 may be installed
in paralel in the membrane support frame 600, namely, on the subsidiary frame 620.
According to this exemplary embodiment, since each separation membrane module
700 is formed in the shape of an elongated rectangle, the entire installation structure
of the separation membrane modules 700 has a square or rectangular shape, as
illustrated in FIG. 23.

[ 00153] A pluraity of membrane support frames 600 is arranged in the
treatment bath 300. Since the entire installation structure of the separation

membrane modules 700 is formed in the rectangular shape as such, it is possible to
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closely arrange the separation membrane modules 700. Thus, it is possible to
minimize a dead zone in the treatment bath 300 and thereby improve filtration
capacity. However, without being limited thereto, the installation structure of the
separation membrane modules may be formed in various shapes. Further, since
interval maintaining parts 712 and 722 are formed on each of the upper frame 710
and the lower frame 720 of the separation membrane modules, it is possible to keep
the interval between the separation membrane modules 700 constant when the
plurality of separation membrane modules 700 is arranged in parallel.

[ 00154] Second Exemplary Embodiment

[ 00155] The membrane support frame 600 according to the second exemplary
embodiment and the structure of the separation membrane module 700 disposed in
the membrane support frame 600 will be described with reference to FIG. 24.

[ 00156] According to this exemplary embodiment, the membrane support
frame 600 is formed in the shape of a rectangular frame, and further includes a
filtration pipe 640 formed on an upper side of the membrane support frame 600.
Specifically, the filtration pipe 640 is installed to cross a central region of an upper
surface of the membrane support frame 600.

[ 00157] Further, asin the first exemplary embodiment, a subsidiary frame 620
may be included to install the plurality of separation membrane modules 700. In
general, the subsidiary frame 620 is provided on a lower side of the membrane
support frame 600.

[ 00158] Coupling holes 642 are formed on both sides of the filtration pipe 640
to cause the plurality of separation membrane modules 700 to be coupled thereto.
Each upper frame 710 of the separation membrane module is coupled to each

coupling hole 642 to make the sump 711 defined in the upper frame 710 and the
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filtration pipe 640 communicates with each other. That is, according to this
exemplary embodiment, the filtration pipe 640 is arranged to be perpendicular to a
direction in which the reciprocating frame 250 reciprocates, and the plurality of
separation membrane modules 700 is symmetrically coupled to both sides of the
filtration pipe 640.

[ 00159] Since the plurality of membrane support frames 600 is successively
arranged in the direction in which the reciprocating frame 250 reciprocates, the
filtration pipe 640 is more preferably arranged as in this exemplary embodiment
rather than being arranged in paralel to the reciprocating direction. This
arrangement is convenient to secure an installation space of the filtered-water
discharge part 900. Thus, the filtered water collected in the respective sumps 711 of
the plurality of separation membrane modules 700 may be gathered in the filtration
pipe 640. Thiswill be described below in detail. Further, each lower frame 720 of
the separation membrane module 700 may be coupled to the subsidiary frame 620
using a bolt or by fitting the plurality of separation membrane modules 700 into arail
formed on the subsidiary frame 620. However, the invention is not limited thereto
and the separation membrane modules 700 may be installed on the subsidiary frame
620 in various ways. In addition, the plurality of separation membrane modules 700
may be directly installed in the membrane support frame 600.

[ 00160] According to this exemplary embodiment, the entire installation
structure of the separation membrane modules that are coupled to each other has a
rectangular shape as illustrated in FIG. 24. Similarly to the first exemplary
embodiment, it is possible to closely arrange the separation membrane modules 700,
thus minimizing the dead zone in the treatment bath 300 and improving the filtration

capacity. Further, since the interval maintaining parts 712 and 722 are formed on
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the upper and lower frames 710 and 720 of the separation membrane module, it is
possible to keep the interval between the modules constant when the plurality of
separation membrane modules 700 is arranged in parallel.

[00161] In the above description of the installation exemplary structure of the
separation membrane module, a constant interval is maintained between the
respective separation membrane modules 700 by the interval maintaining parts 712
and 722 formed on both sides of the separation membrane modules. However,
separation membrane modules each having the interval maintaining part on only one
side of the frame, in other words, two separation membrane modules each having the
interval maintaining part on aleft side or aright side may be grouped into one set, so
that a constant interval may be maintained per two separation membrane modules.
Further, three separation membrane modules may be grouped into one set, so that a
constant interval may be maintained per three modules. Thus, it is possible to more
closely arrange the separation membranes while preventing water from staying
between the separation membrane modules, thus improving the filtration capacity.

[ 00162] As the separation membrane module 700 is reciprocated by the
reciprocating part 200, inertial force acting on the separation membrane module 700
is generated, thus preventing contaminants from being attached to a surface of the
separation membrane or removing the contaminant from the surface of the separation
membrane. In order to maximize the effect of preventing the attachment of foreign
matter or removing the foreign matter on the separation membrane due to the inertial
force, the looseness of the separation membrane should be maintained to a proper
level. Itisdifficult toimpart the inertial force and the separation membrane module
700 may become broken or damaged even if the separation membrane module 700 is

integrally reciprocated by the reciprocating motion of the membrane support frame
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600 if there is no looseness of the separation membrane module 700. Also, it is
likewise difficult to impart the inertial force when the reciprocating distance of the
separation membrane module 700 is increased, thus occupying a lot of installation
space, if the looseness of the separation membrane moduleistoo large.

[ 00163] Accordingly, the length of the hollow fiber membrane 730 may be set
by adding a distance Lo between the upper frame 710 and the lower frame 720 to a
length that is more than 0% and equal to or less than 10% of the distance Lo. That
is, a surplus length of 10% or less may be further provided to a maximum length
(hereinafter, referred to as a *minimum length of separation membrane’) in the state
where no tensile force acts on a strand of the hollow fiber membrane 730 that is
connected to the upper and lower frames 710 and 720. Particularly, the surplus
length may range from 5% to 10%.

[ 00164] Specifically, as illustrated in FIG. 25, a maximum length Lf of the
separation membrane that may generate the inertial force on the separation
membrane by the reciprocating motion may be calculated using the minimum length
of the separation membrane, namely, a vertical distance Lo between the upper frame
710 and the lower frame 720, and the reciprocating distance a of the separation
membrane module. The looseness of the separation membrane module 700 may be
determined as a value obtained by dividing the maximum length Lf of the separation
membrane by the minimum length Lo of the separation membrane. That is, the
looseness of the separation membrane module 700 should be more than 1 and equal
to or less than 1.1. Particularly, the looseness may be in the range from 1.05 or
moreto 1.1 or less.

[ 00165] For example, assuming that the reciprocating distance a of the

separation membrane module 700 is 100 mm and the minimum length Lo of the
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separation membrane, namely, the vertical distance between the upper frame 710 and
the lower frame 720 is 500 mm, the maximum length Lf of the separation membrane
may be calculated as 538.5 mm by the properties of atriangle as illustrated in FIG.
25. The looseness is calculated to be about 1.08 (precisely, 1.077). However, if
the reciprocating distance is 150 mm, the maximum length Lf of the separation
membrane is equal to 583.1 mm and the looseness has a value of approximately 1.17
(precisely, 1.166). Since the looseness exceeds 1.1, the reciprocating distance a
may be reduced or the minimum length of the separation membrane may be
increased.

[ 00166] In another example, if the minimum length Lo of the separation
membrane is 750 mm when the reciprocating distance of the separation membrane
module 700 is 100 mm, the maximum length Lf of the separation membrane is
calculated as 776.2 mm, so that the looseness corresponds to 1.03. Meanwhile, if
the minimum length Lo of the separation membrane is 1000 mm, the maximum
length Lf of the separation membrane is calculated as 1019.8 mm, so that the
looseness approximately corresponds to 1.02.

[00167] However, if the minimum length Lo of the separation membrane is
1500 mm when the reciprocating distance of the separation membrane module 700 is
100 mm, the maximum length Lf of the separation membrane is calculated as 1513.3
mm, so that the looseness approaches 1. Thus, it becomes difficult to impart inertial
force to the separation membrane. In this case, the reciprocating distance a of the
separation membrane module 700 should be further increased or the minimum length
Lo of the separation membrane should be reduced.

[ 00168] As such, when reducing or eliminating the contamination of the

separation membrane by the reciprocating motion, the looseness of the separation
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membrane module 700 is critical. Thus, alength adjusting part 740 may be further
provided to adjust the looseness of the separation membrane module 700 depending
on the reciprocating distance of the membrane filtration system.

[ 00169] The length adjusting part 740 may be formed to adjust the minimum
length of the separation membrane, namely, the length between the upper frame 710
and the lower frame 720, and to adjust the length of the separation membrane itself.
This will be described in detail according to the following exemplary embodiment.
[ 00170] The length adjusting part 740 according to a first exemplary
embodiment will be described with reference to FIG. 26. The length adjusting part
740 is formed to vertically drive a side of the separation membrane module 700,
namely, the subsidiary frame 620 of the membrane support frame to which the lower
frame 720 is fixedly installed, so as to adjust the length between the upper frame 710
and the lower frame 720. Specifically, the length adjusting part 740 according to
the first exemplary embodiment may be composed of a hydraulic cylinder 742
located under the subsidiary frame 620. The hydraulic cylinder 742 may be fixed to
a bottom of the subsidiary frame 620 by fastening a bolt or by welding.

[00171] One or more hydraulic cylinders 742 may be installed to the bottom of
the subsidiary frame 620. The hydraulic cylinders may be arranged at proper
locations depending on their number. According to this exemplary embodiment,
four hydraulic cylinders 742 are arranged at respective vertices of the rectangular
subsidiary frame 620.

[00172] Thus, when the hydraulic cylinder 742 is actuated, the entire
subsidiary frame 620 is moved in a vertical direction with the upper frame 710 of the
separation membrane module being fixed, and the lower frame 720 of the separation

membrane module is integrally moved in the vertical direction, so that it is possible
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to adjust the minimum length of the separation membrane. That is, if the subsidiary
frame 620 is moved up by driving the hydraulic cylinder 742 in the state where the
length of the separation membrane is maintained, the lower frame 720 also moves up
and a distance between the lower frame and the upper frame 710 is decreased.
Thus, the minimum length of the separation membrane is reduced and thereby the
looseness of the separation membrane module 700 is increased. In contrast, if the
subsidiary frame 620 is moved down by driving the hydraulic cylinder 742, the lower
frame 720 also moves down and a distance between the lower frame and the upper
frame 710 is increased. Thus, the minimum length of the separation membrane is
increased and thereby the looseness of the separation membrane module 700 is
decreased.

[ 00173] Although the hydraulic cylinder 742 may be operated manually, the
operation of the hydraulic cylinder may be automatically controlled by further
including a calculation part 744 and a drive part 746. The caculation part
calculates a vertical movement amount of the subsidiary frame 620 by calculating the
length of the minimum separation membrane that is suitable for the looseness of the
separation membrane depending on the reciprocating distance or the reciprocating
period of the separation membrane. The drive part transmits the calculated vertical
movement amount to the hydraulic cylinder 742 to drive the hydraulic cylinder.
[00174] A length adjusting part 1740 according to a second exemplary
embodiment will be described with reference to FIG. 27. Similar to the first
exemplary embodiment, the length adjusting part 1740 is formed to vertically drive
the lower frame 720 with the upper frame 710 of the separation membrane module
being fixed, namely, to vertically drive the subsidiary frame 620 of the membrane

support frame to which the lower frame 720 is fixedly installed, so as to adjust the
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length between the upper frame 710 and the lower frame 720. Specificaly, the
length adjusting part 1740 according to the second exemplary embodiment includes a
shaft 1742 installed under the subsidiary frame 620, one or more cams 1744 that are
coupled to the shaft 1742 to be rotatable integrally with the shaft, and a motor 1746
for rotating the shaft 1742. The motor 1746 may be installed inside or outside the
treatment bath 300.

[ 00175] A pluraity of shafts 1742 may be installed in parallel under the
subsidiary frame 620. According to this exemplary embodiment, two shafts are
formed in parallel along an edge of the subsidiary frame 620 to face each other.
One or more cams 1744 are coupled to each shaft to be integrally rotatable as the
shaft 1742 rotates. Asthe cam 1744 rotates, the radius length of the cam is changed
to adjust the height of the lower frame 620.

[ 00176] Although the motor 1746 may be operated manualy, its operation
may be automatically performed by further including a calculation part 744 and a
drive part 746, as in the first exemplary embodiment. The calculation part
calculates a vertica movement amount of the subsidiary frame 620. The drive part
transmits the calculated vertical movement amount to the motor 1746 to control the
rotation of the shaft 1742.

[00177] Although not shown in the drawings, according to another exemplary
embodiment, a length adjusting part may be formed to adjust the length of the
separation membrane itself. Specifically, an unwinding part is formed to wind or
unwind one end of the separation membrane module, namely, one end of the hollow
fiber membrane, thus adjusting the entire length of the separation membrane module
by winding or unwinding one end of the separation membrane.

[ 00178] Another exemplary embodiment may further include an interval
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measuring unit 810 and an interval adjusting part 820. Thiswill be described below
in detail.

[ 00179] First Exemplary Embodiment

[ 00180] FIGS. 16A and 16B are views illustrating an exemplary embodiment
of an interval measuring unit. Referring to FIGS. 16A and 16B, the interval
measuring unit 810 of the exemplary embodiment may be provided to measure the
interval between the membrane support frame 600 or the vane member 410 and the
treatment bath 300.

[00181] Such an interval measuring unit 810 may include a first interval
measuring sensor 811 and a second interval measuring sensor 813. The first
interval measuring sensor 811 may be a sensor to measure the interval between the
membrane support frame 600 and an inner wall of the treatment bath 300, and the
second interval measuring sensor 813 may be a sensor to measure the interval
between the vane member 410 and the bottom of the treatment bath 300.

[ 00182] Referring to FIG. 16A, apair of first interval measuring sensors 811 is
disposed on both sides of the membrane support frame 600, thus measuring the
interval between the membrane support frame 600 and the inner wall of the treatment
bath 300. If an interval measured by the sensor provided on one side is relatively
narrower than an interval measured by the sensor provided on the other side or is
smaller than a preset permissible interval, the first interval measuring sensor 811
gives a signal to a controller. At this time, after the drive part 205 of the
reciprocating part 200 is stopped, a horizontal position of the membrane support
frame 600 connected to the reciprocating frame 250 by fastening a bolt or the like is
reset, thus preventing a collision between the membrane support frame 600 and the

inner wall of the treatment bath 300.
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[ 00183] It cans be seen in FIG. 16B that the second interval measuring sensor
813 is disposed on a portion of the floating wing 413 of the vane member 410. As
the membrane support frame 600 reciprocates, the vane member 410 aso
reciprocates. A vertical position of the floating wing 413 may become changed by
vibration, shaking or the like.

[ 00184] At this time, the second interval measuring sensor 813 measures the
interval from the bottom of the treatment bath 300. If the measured interva is
smaller than a preset permissible interval, a signal is transmitted to the controller and
the drive part 205 of the reciprocating part 200 is stopped. Subsequently, the
vertical position of the membrane support frame 600 connected to the reciprocating
frame 250 by fastening a bolt or the like is reset, thus preventing the floating wing
from colliding with the bottom of the treatment bath 300.

[ 00185] Second Exemplary Embodiment

[ 00186] FIG. 17 is a top view illustrating an exemplary embodiment of an
interval adjusting unit, FIG. 18 is a partial side view of afirst interval adjusting part
of the exemplary embodiment shown in FIG. 17, FIG. 19 isaside view illustrating a
second interval adjusting part of the exemplary embodiment shown in FIG. 17, FIG.
20 isaside sectional view illustrating an interlocking operation of the sludge floating
part and the second interval adjusting part of the exemplary embodiment shown in
FIG. 19, and FIG. 21 is a rear view illustrating the interlocking operation of the
sludge floating part and the second interval adjusting part of the exemplary
embodiment shown in FIG. 20.

[00187] Referring to FIGS. 17 to 21, the interval adjusting unit 870 of the
exemplary embodiment may be provided to adjust the interval between the

membrane support frame 600 or the sludge floating part 420 and the treatment bath
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300. Such an interval adjusting unit 870 may include afirst interval adjusting part
820 that adjusts an interval between the membrane support frame 600 and the inner
wall of the treatment bath 300, and a second interval adjusting part 850 that adjusts
an interval between the sludge floating part 420 and the bottom of the treatment bath
300.

[ 00188] First, the first interval adjusting part 820 may include an adjustment
cylinder 821, a moving unit 820a, a first proximity sensor 829, a first interval
calculating part 828, a first hydraulic-pressure calculating part 827, and a first drive
part 826. Referring to FIG. 17, according to the exemplary embodiment, two
membrane support frames 600 are connected to the reciprocating frame 250, and the
adjustment cylinder 821 may be disposed on the upper end of the reciprocating frame
250 between the pair of membrane support frames 600.

[ 00189] The moving unit 820a may be connected to a rod of the adjustment
cylinder 821, may support the membrane support frame 600, and may be disposed to
be movable in a widthwise direction of the reciprocating frame 250. As shown in
FIGS. 17 and 18, such a moving unit 820a may include a moving rail 825 and a
moving block 822. Referring to FIG. 18, the moving rail 825 may be disposed in
the widthwise direction of the reciprocating frame 250, and the moving block 822
may be provided with a moving wheel 823 to move along the moving rail 825 and
may be connected with the membrane support frame 600 via a support beam 824.

[ 00190] The first proximity sensor 829 may be disposed on a side of the
membrane support frame 600. The first interval calculating part 828 may be
provided to measure an interval between the membrane support frame 600 and the
inner wall of the treatment bath 300 in response to a signal delivered from the first

proximity sensor 829.
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[ 00191] The first hydraulic-pressure calculating part 827 converts a calculated
value of the first interval calculating part 828 into a hydraulic drive value to gives a
signal to the first drive part 826. The first drive part 826 may be provided to drive
the adjustment cylinder 821 according to the hydraulic drive value of the first
hydraulic-pressure cal culating part 827.

[ 00192] For example, if the interval between the inner wall of the treatment
bath 300 and the membrane support frame 600 does not reach a preset permissible
interval, the first proximity sensor 829 sends information to the first interval
calculating part 828 and the first interval calculating part 828 calculates the interval.
Thereafter, if this information is sent to the first hydraulic-pressure calculating part
827, the first hydraulic-pressure calculating part 827 calculates a required hydraulic
drive value. Information obtained after the calculation is sent to the first drive part
826, and the adjustment cylinder 821 moves the moving block 822 forwards or
backwards as desired. Thus, the moving block 822 moves along the moving rail
825 to adjust the position of the membrane support frame 600.

[ 00193] A side block 830 is disposed on the reciprocating frame 250, thus
helping to support the membrane support frame 600. Referring to FIG. 17, a first
side block 831 is disposed on four edges of the reciprocating frame 250 and is
likewise connected to the membrane support frame 600 via the support beam 832 for
support.

[ 00194] Here, a projection 831a of the first side block 831 may come into
contact with a linear bearing 833 to smoothly perform a rectilinear motion on the
second side block 834. A user may fix a cover 835 by tightening a bolt 836. Four
side blocks are disposed on the reciprocating frame 250, and support the widthwise

movement of the membrane support frame 600 by the adjustment cylinder 821.
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[ 00195] The second interval adjusting part 850 may include a second
proximity sensor 851, a second interval calculating part 852, a second hydraulic-
pressure calculating part 853, and a second drive part 854. The second proximity
sensor 851 may be disposed on the floating wing 480 to measure the interval between
the floating wing 480 and the bottom of the treatment bath 300. The second interval
calculating part 852 may be provided to calculate the interval between the floating
wing 480 and the bottom of the treatment bath 300 in response to a signal delivered
from the second proximity sensor 851. The second hydraulic-pressure calculating
part 853 may be provided to convert the calculated value of the second interval
calculating part 852 into the hydraulic drive value. The second drive part 854 may
be provided to drive the hydraulic cylinder 431 according to the hydraulic drive value
of the second hydraulic-pressure calculating part 853.

[ 00196] For example, if the second proximity sensor 851 measures the interval
between the floating wing 480 and the bottom of the treatment bath 300 and the
interval does not reach a preset permissible interval, a signal is transmitted to the
second interval calculating part 852. The second interval calculating part 852
calculates the interval between the floating wing 480 and the bottom of the treatment
bath 300 in response to the signal delivered from the second proximity sensor 851
and delivers the value to the second hydraulic-pressure calculating part 853. The
second hydraulic-pressure calculating part 853 converts the calculated interval into
the hydraulic drive value and transmits asignal to the second drive part 854.

[ 00197] Accordingly, the second drive part 854 drives the hydraulic cylinder
431 to adjust the vertical position of the second vane body 441. If the second vane
body 441 moves up, the third vane body 470 and the floating wing 480 connected to

the lower end of the third vane body 470 also move upwards, thus adjusting the
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interval.

[ 00198] According to the exemplary embodiments, the first interval adjusting
part 820 and the second interval adjusting part 850 calculate the interval between the
membrane support frame 600 or the sludge floating part 420 and the treatment bath
300, and automatically readjust the interval when the calculated interval does not
reach a preset permissible interval, thus preventing a reduction in equipment
operational efficiency and a damage to equipment due to a collision of equipment.

[ 00199] Hereinafter, exemplary embodiments of the filtered-water discharge
part will be described in detail. The filtered-water discharge part is configured to
discharge filtered water that is treated by the separation membrane module 700 to an
outside. Since the filtered-water discharge part commonly includes a flexible pipe,
the filtered-water discharge part is not damaged and the filtered water is easily
recovered, in spite of the reciprocating motion of the separation membrane module
700.

[ 00200] First Exemplary Embodiment

[ 00201] A filtered-water discharge part 900 according to a first exemplary
embodiment will be described with reference to FIG. 28. This exemplary
embodiment is applied to the arrangement of the membrane support frame 600 and
the separation membrane module 700 according to the first exemplary embodiment
shownin FIG. 23.

[ 00202] The filtered-water discharge part 900 may include a water collection
pipe 920, afirst recovery pipe 940 and a second recovery pipe 960. Asillustrated in
FIG. 23, when the plurality of separation membrane modules 700 is arranged in the
membrane support frame 600, sewage (or waste water) is filtered from an outside to

an inside through the hollow fiber membrane 730 of each separation membrane
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module and is collected in the sump 711 of the upper frame.

[ 00203] One or more discharge holes 714 are formed in an upper side of each
upper frame 710, and the water collection pipe 920 is installed to communicate with
the sump 711 of each separation membrane module via the discharge holes 714.
That is, the water collection pipe 920 crosses the plurality of separation membrane
modules 700 and is installed to communicate with each sump 711. Thus, the
filtered water collected in each sump 711 may be gathered in one water collection
pipe 920.

[ 00204] According to this exemplary embodiment, the water collection pipe
920 communicates with each sump 711 via one discharge hole 714 formed in a center
of each upper frame 710. One water collection pipe is installed with respect to the
membrane support frame 600. However, without being limited thereto, according to
the length of the upper frame 710, a plurality of discharge holes may be formed in the
upper side and a plurality of water collection pipes 920 may be installed.

[ 00205] In order to recover the filtered water gathered in the water collection
pipe 920, one or more first recovery pipes 940 may be coupled to the water collection
pipe 920. According to this exemplary embodiment, two first recovery pipes 940
are coupled to both ends of the water collection pipe 920. The first recovery pipe
940 is made of arigid pipe, and may have an S shape, a straight-line shape, and other
shapes.

[ 00206] The second recovery pipe 960 is connected to each first recovery pipe
940. The second recovery pipe 960 is characterized by aflexible pipe. Thus, even
if the separation membrane modules 700 are reciprocated, the filtered-water
discharge part 900 is not damaged and the filtered water is easily recovered.

[ 00207] A suction pump (not shown) may be connected to the second recovery
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pipe 960 to pump influent water from the outside of the hollow fiber membrane 730
to the inside thereof and then filter the water. The filtered water recovered through
the second recovery pipe 960 by the suction force may be stored in a separate tank
(not shown).

[ 00208] That is, the filtered water that is filtered while flowing from the
outside of the hollow fiber membrane 730 of the separation membrane module 700 to
the inside thereof is first gathered in the sump 711 of the upper frame 710. The
filtered water gathered in each sump 711 is collected in one water collection pipe 920
and passed through the first recovery pipe 940 and the second recovery pipe 960 to
be recovered outside.

[ 00209] This exemplary embodiment separately includes arigid first recovery
pipe 940 connected to the water collection pipe 920, and a flexible and pliable second
recovery pipe 960. However, the flexible pipe may be directly connected to the
water collection pipe 920.

[ 00210] Second Exemplary Embodiment

[ 00211] A filtered-water discharge part 1900 according to a second exemplary
embodiment will be described with reference to FIG. 29. This exemplary
embodiment is applied to the arrangement of the membrane support frame 600 and
the separation membrane module 700 according to the second exemplary
embodiment shown in FIG. 24.

[00212] The filtered-water discharge part 1900 may include a first recovery
pipe 1940 and a second recovery pipe 1960. As illustrated in FIG. 24, the
membrane support frame 600 includes a filtration pipe 640 formed in a centra
portion on an upper side thereof. A plurality of separation membrane modules 700

is coupled to both sides of the filtration pipe 640. Here, the upper frame 710 of
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each separation membrane module is fitted into the coupling hole 642 formed in the
filtration pipe 640. Thus, the filtered water collected in each sump 711 may be
gathered in one filtration pipe 640.

[ 00213] In order to recover the filtered water gathered in the filtration pipe 640
to the outside, one or more first recovery pipes 1940 may be coupled to the filtration
pipe 640. According to this exemplary embodiment, two first recovery pipes 1940
are coupled to both ends of the filtration pipe 640 in alongitudinal direction thereof.
The first recovery pipe 1940 is made of a rigid pipe, and may have an S shape, a
straight-line shape, and other shapes.

[ 00214] Next, the second recovery pipe 1960 is connected to each first
recovery pipe 1940. The second recovery pipe 1960 is characterized by a flexible
pipe. Thus, even if the separation membrane modules 700 are reciprocated, the
filtered-water discharge part 1900 is not damaged and the filtered water is easily
recovered.

[ 00215] Similar to the first exemplary embodiment, a suction pump (not
shown) may be connected to the second recovery pipe 1960. The filtered water
recovered through the second recovery pipe 1960 by a suction force may be stored in
a separate tank (not shown).

[ 00216] That is, the filtered water that is filtered while flowing from the
outside of the hollow fiber membrane 730 of the separation membrane module 700 to
the inside thereof is first gathered in the sump 711 of the upper frame 710. The
filtered water gathered in each sump 711 is collected in one filtration pipe 640 and
passed through the first recovery pipe 1940 and the second recovery pipe 1960 to be
recovered outside.

[ 00217] This exemplary embodiment separately includes arigid first recovery
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pipe 1940 connected to the filtration pipe 640, and a flexible and pliable second
recovery pipe 1960. However, the flexible pipe may be directly connected to the
filtration pipe 640.

[ 00218] A structure where the plurality of membrane support frames 600 is
installed in the treatment bath 300 according to respective exemplary embodiments
will be described with reference to FIGS. 30 to 33.

[ 00219] The plurality of membrane support frames 600 is typically arranged in
the treatment bath 300 according to the filtering capacity of sewage (or waste water).
Here, the plurality of membrane support frames 600 may be longitudinally arranged
in arow or may be arranged in multiple rows, according to a site area or the like.
Hereinafter, respective exemplary embodiments will be described with reference to a
structure where ten membrane support frames 600 are installed in the treatment bath
300.

[ 00220] First Exemplary Embodiment

[ 00221] According to the first exemplary embodiment, ten membrane support
frames 600 are arranged in the treatment bath 300 in a row, and are connected with
one reciprocating part 200 to be integrally reciprocated. This exemplary
embodiment may be applied when a site in which the treatment bath 300 is installed
islong in length but is narrow in width.

[ 00222] As described above, the reciprocating part 200 may include the
reciprocating frame 250 and the drive part 205, and may be connected with the
membrane support frames 600 to reciprocate the membrane support frames.
Specifically, the reciprocating frame 250 is connected with the membrane support
frames 600 to support the membrane support frames 600. The drive part 205 is

disposed in the treatment bath 300 and connected to a side of the reciprocating frame
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250 to move the reciprocating frame 250. According to this exemplary
embodiment, since the plurality of membrane support frames 600 should be
reciprocated by one reciprocating part 200, alarge driving force is required.

[ 00223] In this exemplary embodiment, since ten membrane support frames
600 are connected with one reciprocating means 200, the ten membrane support
frames 600 are arranged in the one reciprocating frame 250 in arow. Here, all of
the ten membrane support frames 600 may be connected and installed in arow in the
reciprocating frame 250 having one compartment. However, as illustrated in FIG.
30, the reciprocating frame 250 may be formed to have the same number of
compartments as the membrane support frames 600 that areto beinstalled. That is,
in this exemplary embodiment, the reciprocating frame 250 may be formed to have
ten compartments, so that each membrane support frame 600 may be installed in an
associated compartment.  Thus, when the membrane support frame 600 is damaged
or has a problem, each membrane support frame may be individually replaced with a
new one to make installation more convenient.

[ 00224] Second Exemplary Embodiment

[ 00225] According to a second exemplary embodiment, ten membrane support
frames 600 are arranged in a row in the treatment bath 300 to be divided into two
sets, each having five frames. Each set is connected with an associated
reciprocating part 200. Thus, each set having five membrane support frames 600
may be separately reciprocated. That is, both sets of membrane support frames may
be reciprocated in the same direction or may be reciprocated in different directions.

[ 00226] Similar to the first exemplary embodiment, this exemplary
embodiment may be applied when a site in which the treatment bath 300 is installed

is long in length but is narrow in width. Specifically, according to this exemplary
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embodiment, the ten membrane support frames 600 are divided into two sets. Each
set is connected with one reciprocating part 200. Thus, the reciprocating part 200
are installed at both sides of the treatment bath 300, respectively. The five
membrane support frames 600 as one set are arranged in a row in one reciprocating
frame 250.

[ 00227] All of the five membrane support frames 600 constituting one set may
be connected and installed in a row in the reciprocating frame 250 having one
compartment. However, asillustrated in FIG. 31, each reciprocating frame 250 may
be formed to have the same number of compartments as the membrane support
frames 600 that are to be installed. That is, in this exemplary embodiment, each of
the reciprocating frames 250 may be formed to have five compartments, so that each
membrane support frame 600 may be installed in an associated compartment. Thus,
when the membrane support frame 600 is damaged or has a problem, each membrane
support frame 600 may be individually replaced with a new one to make installation
more convenient.

[ 00228] Unlike the first exemplary embodiment, this exemplary embodiment
does not integrally reciprocate the ten membrane support frames by one reciprocating
part, but divides the membrane support frames into two sets, each having five
membrane support frames 600 and connects each set to an associated reciprocating
part 200. Thus, a large driving force is not required and each set having the five
membrane support frames 600 may be reciprocated in opposite directions at intervals,
thus producing a vortex and attaining a sludge floating effect.

[ 00229] Third Exemplary Embodiment

[ 00230] According to a third exemplary embodiment, ten membrane support

frames 600 are divided into two rows, each having five frames, in the treatment bath
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300. Here, the membrane support frames 600 are connected to one reciprocating
part 200 to be integrally reciprocated.

[ 00231] This exemplary embodiment may be applied when a site in which the
treatment bath 300 isinstalled is wide in width but is short in length.  Specificaly,
according to this exemplary embodiment, ten membrane support frames 600 are
connected with one reciprocating part 200. Thus, the ten membrane support frames
600 are arranged in parallél in two rows in one reciprocating frame 250.

[ 00232] All of the ten membrane support frames 600 may be connected and
installed in the reciprocating frame 250 having one compartment, while the frames
are divided into two rows, each having five frames. However, asillustrated in FIG.
32, the reciprocating frame 250 may be formed to have the same number of
compartments as the membrane support frames 600 that areto be installed. That is,
in this exemplary embodiment, the reciprocating frame 250 may be formed to have
two rows of compartments, each row having five compartments, a total of ten
compartments, so that each membrane support frame 600 may be installed in an
associated compartment.  Thus, when a membrane support frame 600 is damaged or
has a problem, each membrane support frame 600 may be individually replaced with
anew one to make installation more convenient.

[ 00233] According to this exemplary embodiment, since the plurality of
membrane support frames 600 should be reciprocated by one reciprocating part 200,
alargedriving forceis required.

[ 00234] Fourth Exemplary Embodiment

[ 00235] According to a fourth exemplary embodiment, ten membrane support
frames 600 are divided into two sets, each having five frames, and arranged in two

rows in the treatment bath 300. Each row is connected with a separate reciprocating
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part 200. Thus, each row of membrane support frame set may be separately
reciprocated. That is, respective set of membrane support frames may be
reciprocated in the same direction or in different directions.

[ 00236] Similar to the third exemplary embodiment, this exemplary
embodiment may be applied when a site in which the treatment bath 300 is installed
is wide in width but is short in length. Specificaly, according to this exemplary
embodiment, ten membrane support frames 600 are divided into the two rows and
each row is connected with one reciprocating part 200. Thus, two reciprocating
parts 200 are instaled in paralel on a side of the treatment bath 300. The five
membrane support frames 600 of one set are arranged in a row in one reciprocating
frame 250.

[ 00237] All of the five membrane support frames 600 of one set may be
connected and installed in a row in the reciprocating frame 250 having one
compartment. However, asillustrated in FIG. 33, the reciprocating frame 250 may
be formed to have the same number of compartments as the membrane support
frames 600 that are to be installed. That is, in this exemplary embodiment, the
reciprocating frame 250 may be formed to have five compartments, so that each
membrane support frame 600 may be installed in an associated compartment. Thus,
when the membrane support frame 600 is damaged or has a problem, each membrane
support frame may be individually replaced with a new one to make installation more
convenient.

[ 00238] Unlike the third exemplary embodiment, this exemplary embodiment
does not integrally reciprocate the ten membrane support frames by one reciprocating
part but divides the membrane support frames 600 into two rows, each having five

frames, and each row is connected with an associated reciprocating part 200. Such
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a structure does not require a large driving force, and may reciprocate the respective
rows of membrane support frames in opposite directions at intervals, thus producing
avortex and attaining a sludge floating effect.

[ 00239] As the respective rows reciprocate in different directions, vibrations
caused by the reciprocating motion may be offset. Consequently, vibration
generated in the treatment bath 300 is reduced and thereby a stable operation is
guaranteed.

[ 00240] Hereinafter, the control part 1000 according to an exemplary
embodiment and a method of controlling the membrane filtration system using the
control part will be described.

[ 00241] As shown in FIG. 1, the membrane filtration system of the exemplary
embodiment may further include the control part 1000 to control the reciprocating
distance or frequency of the separation membrane module 700. The control part
1000 regulates a reciprocating distance or frequency of the separation membrane in
the separation membrane module 700 depending on an operating condition, a
contamination level of the separation membrane module 700, and other conditions.
In this exemplary embodiment, the control part 1000 may include a contamination
measuring part 1200 that measures the contamination level of the separation
membrane module 700, and a regulating control part 1400 that controls the
reciprocating distance or frequency of the separation membrane module 700
depending on the contamination level measured by the contamination measuring part
1200.

[ 00242] The contamination measuring part 1200 may measure the
contamination level of the separation membrane module 700 by measuring the

transmembrane pressure (TMP) of the separation membrane. In the membrane
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filtration system of the exemplary embodiment, the contamination level of the
separation membrane module 700 may be low in an initial operation or in an
operation after backwash. After filtration is performed for a considerable period of
time, the contamination level of the separation membrane module 700 may be high.

[ 00243] Thus, the regulating control part 1400 increases the reciprocating
frequency of the separation membrane module 700 as the contamination level of the
separation membrane module 700 becomes high, and reduces the reciprocating
frequency of the separation membrane module 700 as the contamination level of the
separation membrane module 700 becomes low. That is, as the contamination level
becomes high, the reciprocating period of the separation membrane module 700 is
reduced. Further, as the contamination level becomes low, the reciprocating period
of the separation membrane module 700 is increased.

[ 00244] If the frequency of the separation membrane module 700 increases,
the separation membrane reciprocates at higher speed and inertial force acting on the
separation membrane increases, thus detaching or removing contaminants from the
separation membrane. However, if the frequency increases, energy consumption
increases. Thus, the frequency is appropriately regulated according to the
contamination level of the separation membrane module 700, so that it is possible to
effectively remove fouling from the separation membrane by the reciprocating
motion while reducing the energy consumption.

[ 00245] Since the separation membrane module 700 is reciprocated together
with the membrane support frame 600 in which the separation membrane module 700
is installed, and the membrane support frame 600 is supported on the reciprocating
frame 250, it is possible to regulate the separation membrane module 700 by

regulating the reciprocating distance and frequency (period) of the reciprocating
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frame 250. Thus, the regulating control part 1400 may control the speed of the
motor 210 that is connected with the reciprocating part 200 to transmit power.

[ 00246] According to this exemplary embodiment, the separation membrane
module 700 may be set to reciprocate at 0.5Hz, and may be regulated up to 1Hz
according to the contamination level of the separation membrane. However, if the
frequency exceeds 1Hz, the energy consumption increases, and the structure of the
membrane filtration system may be undesirably damaged.

[ 00247] Further, the regulating control part 1400 may increase the
reciprocating distance of the separation membrane module 700 as the contamination
level of the separation membrane module 700 becomes high, and reduces the
reciprocating distance of the separation membrane module 700 as the contamination
level of the separation membrane module 700 becomes low. That is, if the
reciprocating distance of the separation membrane module 700 increases when the
frequency is kept constant, the reciprocating speed of the separation membrane
increases, thus having effect similar to that obtained when the frequency is increased.
If the frequency becomes too high, the structure of the system may be damaged due
to the vibration caused by the reciprocating motion, so the reciprocating distance
should be decreased.

[ 00248] If the reciprocating distance of the separation membrane module 700
increases, the separation membrane reciprocates at higher speeds and inertial force
acting on the separation membrane increases. Thus, it is possible to detach and
remove contaminants from the separation membrane.

[ 00249] Since the separation membrane module 700 reciprocates along with
the membrane support frame 600 and the reciprocating frame 250, it is possible to

regulate the reciprocating distance of the separation membrane module 700 by
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regulating the reciprocating distance of the reciprocating frame 250. Thus, the
regulating control part 1400 may be connected with the reciprocating part 200 to
regulate and control the reciprocating distance of the reciprocating frame 250.

[ 00250] Specifically, as described above, the drive part 205 may include a
motor 210, a first pulley 211, a second pulley 213, a rotor 230, and a link rod 220.
The motor 210 and the rotor 230 are rotatably connected to each other via the first
pulley 211 and the second pulley 213. The link rod 220 is connected between the
rotor 230 and the reciprocating frame 250 to convert a rotating motion into a
reciprocating motion.

[ 00251] Here, a plurality of connecting holes 233 connected with the link rod
220 is formed in the rotor 230. Thus, if the connecting hole 233 at which the link
rod 220 is connected to the rotor is changed, it is possible to regulate the
reciprocating distance of the reciprocating frame 250.

[ 00252] When the contamination level of the separation membrane module
700 is high and thus it is required to increase the reciprocating distance of the
separation membrane module 700, the regulating control part 1400 connects the link
rod 220 to a connecting hole 233b that is relatively distant from the center of the
rotor 230, so that it is possible to increase the reciprocating distance of the
reciprocating frame 250. Conversely, when the contamination level of the
separation membrane module 700 is low and thus it is required to reduce the
reciprocating distance of the separation membrane module 700, the regulating control
part 1400 connects the link rod 220 to a connecting hole 233a that is relatively near
to the center of the rotor 230, so that it is possible to increase the reciprocating
distance of the reciprocating frame 250.

[ 00253] Moreover, the link rod 220 includes a link body 221, afirst link hole
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223 disposed on one side of the link body 221 and connected to the connecting hole
233 of the rotor, and a second link hole 225 disposed on the other side of the link
body 221 and connected to the reciprocating frame 250. A plurality of first link
holes 223 may be formed in a longitudinal direction of the link body 221. Thus, if
the first link hole 223 of the link rod connected with the connecting hole 233 of the
rotor is changed, it is possible to regulate and control the reciprocating distance of the
reciprocating frame 250.

[ 00254] When the contamination level of the separation membrane module
700 is high and thus it is required to increase the reciprocating distance of the
separation membrane module 700, the regulating control part 1400 fastens the
connecting hole 233 of the rotor to afirst link hole 223b that is relatively distant from
the second link hole 225 of the link rod 220, so that it is possible to increase the
reciprocating distance of the reciprocating frame 250. Conversely, when the
contamination level of the separation membrane module 700 is low and thus it is
required to reduce the reciprocating distance of the separation membrane module
700, the regulating control part 1400 fastens the connecting hole 233 of the rotor to a
first link hole 223a that is relatively near to the second link hole 225 of the link rod
220, so that it is possible to reduce the reciprocating distance of the reciprocating
frame 250.

[ 00255] Further, according to an exemplary embodiment, the regulating
control part 1400 may control to increase the frequency during the backwash of the
separation membrane module 700. According to this exemplary embodiment, it is
possible to increase the frequency to 0.7Hz during the backwash of the separation
membrane module 700, thus enhancing washing efficiency.

[ 00256] The above description is only a specific exemplary embodiment of the
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membrane filtration system. The breadth and scope of the present disclosure should
not be limited by any of the above-described exemplary embodiments, but should be
defined only in accordance with the following claims and their equivaents.
Moreover, the above advantages and features are provided in described
embodiments, but shall not limit the application of the claims to processes and
structures accomplishing any or all of the above advantages.

[ 00257] Additionally, the section headings herein are provided for consistency
with the suggestions under 37 CFR 1.77 or otherwise to provide organizational cues.
These headings shall not limit or characterize the invention(s) set out in any clams
that may issue from this disclosure. Further, a description of a technology in the
“Background” is not to be construed as an admission that technology is prior art to
any invention(s) in this disclosure. Neither is the “Summary” to be considered as a
characterization of the invention(s) set forth in the claims found herein.
Furthermore, any reference in this disclosure to “invention” in the singular should not
be used to argue that there is only a single point of novelty claimed in this disclosure.
Multiple inventions may be set forth according to the limitations of the multiple
clams associated with this disclosure, and the clams accordingly define the
invention(s), and their equivalents, that are protected thereby. In al instances, the
scope of the clams shall be considered on their own merits in light of the

specification, but should not be constrained by the headings set forth herein.
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WHAT ISCLAIMED IS

1 A membrane filtration system, comprising:

atreatment bath;

a membrane support frame that includes a subsidiary frame and is disposed in
the treatment bath;

a separation membrane module installed in the membrane support frame, the
separation membrane module comprising an upper frame, a lower frame, and a
plurality of hollow fiber membranes provided between the upper frame and the lower
frame; a length adjusting part arranged under the subsidiary frame to adjust a distance
(Lo) between the upper frame and the lower frame by moving the subsidiary frame up
and down;,

areciprocating part connected with the membrane support frame to reciprocate
the membrane support frame; and

a sludge floating part disposed on a lower end of the membrane support frame
to float sludge accumulated in the treatment bath,

wherein the length adjusting part is configured to automatically adjust the
distance (Lo) by a vertica movement amount depending on a reciprocating distance of

the separation membrane module.

2. The membrane filtration system according to claim 1, wherein a sump
is provided in the upper frame, and the sump and a hollow portion of the hollow fiber

membranes are in fluid communication with each other.

3. The membrane filtration system according to claiml, wherein each of
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the upper and the lower frames comprises an interval maintaining part protruding from

each of the upper and the lower frames.

4, The membrane filtration system according to claim 3, wherein the
interval maintaining part comprises a coupling part and a pair of adjacent interva
maintaining parts, the pair of adjacent interva maintaining parts including first and
second interval maintaining parts, the coupling part operable to couple the first interval

maintaining part to the second interval maintaining part.

5. The membrane filtration system according to claim 1, wherein the
plurality of hollow fiber membranes are arranged in a pluraity of bundles, the

respective bundles being spaced apart from each other.

6. The membrane filtration system according to claml, wherein the
separation membrane module includes a plurality of separation membrane modules

respectively installed in the membrane support frame.

7. The membrane filtration system according to claim 6,
wherein the subsidiary frame is configured to receive the lower frame of each

of the plurality of separation membrane modules.

8. The membrane filtration system according to clam 6, further
comprising:
afiltration pipe coupled to the membrane support frame, wherein the plurality

of separation membrane modulesis coupled to the filtration pipe.
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0. The membrane filtration system according to claim 8, wherein the
filtration pipe includes a plurality of coupling holes, each of the plurality of coupling
holes coupled to a respective end of the upper frame, whereby the sump and the

filtration pipe arein fluid communication with each other.

10. The membrane filtration system according to claim 9, wherein the
filtration pipe is disposed on a central portion of an upper side of the membrane
support frame, and the plurality of separation membrane modules is symmetrically

coupled to both sides of the filtration pipe.

11. The membrane filtration system according to claim 8, wherein the
filtration pipe is arranged to be perpendicular to a reciprocating direction of the

membrane support frame.

12. The membrane filtration system according to clam 1, further
comprising: a length adjusting part for adjusting a distance (Lo) between the upper
frame and the lower frame wherein the length adjusting part is further configured to
adjust the distance (Lo) depending on a reciprocating period of the separation

membrane module.

13. The membrane filtration system according to claiml, wherein each

hollow fiber membrane has a length that is greater than (Lo) and less than or equal to

(Lo+0.1(L0)).
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14. The membrane filtration system according to claml, wherein the
length adjusting part comprises at least one hydraulic cylinder arranged under the

subsidiary frame.

15. The membrane filtration system according to claim 14, wherein the at
least one hydraulic cylinder includes a hydraulic cylinder disposed on every vertex of

the subsidiary frame.

16. The membrane filtration system according to clam 14, further
comprising:

a calculation part determining a vertical movement amount of the subsidiary
frame; based on a minimum length of the hollow fiber membranes and

a drive part providing the verticad movement amount determined by the

calculation part to the hydraulic cylinder to drive the hydraulic cylinder.

17. The membrane filtration system according to claim 1, wherein the
length adjusting part comprises:

a shaft disposed on the subsidiary frame;

a cam coupled to the shaft to be rotatable integrally with the shaft; and

amotor rotating the shaft.

18. The membrane filtration system according to claim 1,

wherein the length adjusting part comprises an unwinding part to wind or

unwind an end of the separation membrane.
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19. A membrane bioreactor, comprising:
a biological treatment train performing at least one biological treatment
process among anaerobic, anoxic and aerotropic processes; and

amembrane filtration system comprising

atreatment bath,

a membrane support frame that includes a subsidiary frame and is
disposed in the treatment bath;

a separation membrane module installed in the membrane support
frame,

the separation membrane module comprising an upper frame, a lower
frame, and a plurality of hollow fiber membranes provided between the upper
frame and the lower frame; a length adjusting part arranged under the
subsidiary frame to adjust a distance (Lo) between the upper frame and the
lower frame by moving the subsidiary frame up and down; a reciprocating part
connected with the membrane support frame to reciprocate the membrane
support frame, and

a sludge floating part disposed on a lower end of the membrane
support frame to float sludge accumulated in the treatment bath,

wherein the length adjusting part is configured to automatically adjust
the distance (Lo) by a vertical movement amount, depending on at |east one of
areciprocating distance and a reciprocating period of the separation membrane

module.
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