DESCRIPTION TITLE OF INVENTION: MEMBRANE MODULE, MEMBRANE UNIT, AND
MEMBRANE SEPARATION DEVICE TECHNICAL FIELD 5 [0001] This invention relates to a
membrane module, a membrane unit formed by stacking the membrane modules one upon another,
and a separation apparatus provided with the membrane module or the membrane unit, and
particularly to the membrane module, the membrane dnit and the membrane separation apparatus to
be used in 10 the field of water treatment. BACKGROUND ART [0002] A membrane separation
technique has been hitherto used for seawatey) gigsaipghppoagter purification treatment, gas
separation, hemocatharsis and the like, in which researches have been recently 15 advanced to apply
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10  the field of water treatment.

BACKGROUND ART

[0002] A membrane separation technique has been hitherto used for
seawater desalination, water purification treatment, gas separation,
hemocatharsis and the like, in which researches have been recently

15 advanced to apply the membrane separation technique to waste water
treatment from the viewpoint of environmental protection.

[0003] Hitherto, sand filtration, gravity sedimentation and the like
have been carried out as processes for accomplishing solid-liquid
separation of treated water high in turbidity, such as water purification

20 treatment, sewage, waste water treatment, treatment of industrial
waste and water and the like. However, the solid-liquid separation by
these processes have problems such as occurrence of a case where the
water quality of obtained treated water becomes insufficient or of
requiring a vast site for the solid-liquid separation.

25 [0004] As processes for solving these problems, a variety of studies have
been made in recent years on a process for accomplishing the
solid-liquid separation of treated water by using a membrane module
provided with a separation membrane such as a precision filtration
membrane, an ultrafiltration membrane or the like. With these

30 processes, the filtration treatment for treated water is carried out by

using a separation membrane, and therefore treated water high in



-2- water quality can be obtained (see, for example, Non-patent Citation 1). [0005] In case of
accomplishing the solid-liquid separation of treated water by using a separation membrane, clogging at
a separation membrane surface with suspended matter proceeds with continuation of Sfiltration
treatment, thereby resulting in lowering in filtration flow amount or rising of a differential pressure
across the membrane. In order to restore such a condition, a diffuser pipe is disposed below the
membrane module to accomplish a process for peeling off the suspended matter at the separation

membrane suyrface by swingiegly Bovs thentQitieatedwalarAhtie MeBpResHfase.ynsierthe action
of air diffused from this diffuser pipe. (see, for example, Patent Citations 1 and 2). PRIOR ART

CITATION PAIENT EnTesmonf acgooopliphians Cratonid: UapddeserprartiivProfisisnderublication
No. 15 2000-84553 ][1- Patent Citation 2; Jaglane%e Patenthrovision?(I Publicatickn No. 2007-152282
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Kubota technjcal report, Kubota Corpqratiopn, June 2005, Volume 39, pages.42-50. DISCLOSURE OF
THE IN\;EN#I%Watmn treatment, t%eregy resulting 1n Ilowemng 1n f?ltratlon ow
amount or rising of a differential pressure across the membrane. In
order to restore such a condition, a diffuser pipe is disposed below the
membrane module to accomplish a process for peeling off the suspended
matter at the separation membrane surface by swingingly move the
10 treated water at the membrane surface under the action of air diffused
from this diffuser pipe. (see, for example, Patent Citations 1 and 2).
PRIOR ART CITATION
PATENT CITATION
[0006] Patent Citation 1: Japanese Patent Provisional Publication No.
15 2000-84553
Patent Citation 2: Japanese Patent Provisional Publication No.
2007-152282
NON-PATENT CITATION
[0007] Non-patent Citation 1: Taichi Kamisaka and 3 others, “Kubota
20 Submerged Membrane Unit Applied for Upgrading of Wastewater
Treatment and Water Re-use”, Kubota technical report, Kubota
Corporation, June 2005, Volume 39, pages 42-50.
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
25 [0008] However, with the mode of accomplishing filtration by using a
membrane module, there arises a case where a filtration flow amount is
lowered under clogging of a membrane surface with suspended matter
in case that an operation continues for a long time, and therefore
frequent maintenance operations are required in order to restore the
30 lowered filtration flow amount.

[0009] Particularly in a membrane separation apparatus in which



PROBLEMS TO BE SOLVED BY THE INVENTION 25 [0008] However, with the mode of
accomplishing filtration by using a membrane module, there arises a case where a filtration flow
amount is lowered under clogging of a membrane surface with suspended matter in case that an
operation continues for a long time, and therefore frequent maintenance operations are required in
order to restore the 30 lowered filtration flow amount.-f0009] Particularly in a membrane separation
apparatus in which -3- membrane modules are stacked in a height direction and a diffuser pipe is

disposed beloyy. g, MEMIY A6 INPLYI R00TGORI flAhREL Of dhe BIETIPLANG SERATRIQR Frparatus is

simply blocked from outside treated water so that the treated water is filtered by the separation
membrane, 5adthersidreedawctivatea Bitaye surdehtratsned atte tredltew patth fidviilg the inside of

the membrane separation apparatus rises as a location becomes in the memprane separation
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solve the above problems and has an object to provide a membrane module which_is low in degree of
clogging of atHeTRIEFE Stfradh %ﬁfﬁvﬁse&eﬁhé@%ﬁé&&%ﬁﬁé%ﬂﬂﬂeéﬂr%eam&?sﬁs%‘f%ad in
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one upon another, and a membrane separation apparatus provided with the membrane module or the

membrane uARCMERNSEFORESOIPPNG PROBIEWD rane separation device. Accordingly,

a load to filtration increases thereby arising fears of accelerating a
membrane clogging and an increase in consumed energy.

10 [0010] The present invention has been made to solve the above
problems and has an object to provide a membrane module which is low
in degree of clogging of a membrane surface with suspended matter
while moderating an increase of load in filtration for a long time, a
membrane unit which is configured by stacking the membrane modules

15 one upon another, and a membrane separation apparatus provided with
the membrane module or the membrane unit.

MEANS FOR SOLVING PROBLEMS
[0011] A membrane module according to the present invention for
attaining the above-mentioned object is characterized by comprising a

20 casing, and a plurality of membrane elements stored inside the casing,
wherein an opening area of a flow passage of the casing through which
treated water outflows is smaller than an opening area of a flow
passage of the casing through which treated water inflows.

[0012] Additionally, the membrane module according to the present

25 1nvention is, in the above-mentioned membrane module, characterized
in that a flow stabilizing member is disposed at a lower end section of
the membrane element to introduce treated water into a space between
the membrane elements.

[0013] Additionally, a membrane unit according to the present invention

30 for attaining the above-mentioned object is characterized by comprising

a plurality of membrane modules each of which includes a casing



[0011] A membrane module according to the present invention for attaining the above-mentioned
object is characterized by comprising a 20 casing, and a plurality of membrane elements stored inside
the casing, wherein an opening area of a flow passage of the casing through which treated water
outflows is smaller than an opening area of a flow passage of the casing through which treated water
inflows. [0012] Additionally, the membrane module acéording to the present 25 invention is, in the
above-mentioned membrane module, characterized in that a flow stabilizing member is disposed at a

lower end Se?&‘?ﬂl@ﬁt%me@*éfﬁ LNEBLO WHRIHGE drelefb WAIRI IR SRACH Pepyaerthe

membrane elements. [0013] Additionally, a membrane unit accordingto the present invention 30 for
attaining the abevéanenvendddbpsdt isishdiaetarizad byremmikiigsalgirgistof kedhndrgne modules
each of which,inqudes, a.casin, -4 fermed wit apeningisgetions ulich are espectively gpened in
upward and downward irections, the membrane modu estbelng Stacked’onéd J)pon another in a
direction of heiginh bf fhre:calzinge @ty &t pheid litysotl e midtares elgmeriis stored dokide @adiraasing,

wherein each membrane 5 module is configured such that an opening area of a flow passage of the
casing tmougncﬁm fi treSetHR AT Gfﬂ&)v%f?ﬁgrﬁ&l|8Pﬂ%8ﬁ8r?6ﬁérﬁg@aﬁ€§vo?§%%8 of the
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according to the 10 present invention for attaining the above-mentioned object is characterized by
comprising a®lafm difaambraaa srodlidse et bE \WhikpiaBluMBich dasinbefdrimetewith opening
sections Whiqtplgl%eng§pectively located at an upper side and a lower side, a plurality of membrane
elements stored inside each casing, and an air diffusing 15 device disposed below the membrane

modules. [000®) Aélditidaatyo matigmbrareersepanatisapappaiat s ageording tadherdiegend ihkention for
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characterized by comprising a plurality of membrane modules each of
which includes a casing formed with opening sections which are
respectively located at an upper side and a lower side, a plurality of
membrane elements stored inside each casing, and an air diffusing
15 device disposed below the membrane modules.
[0015] Additionally, a membrane separation apparatus according to the
present invention for attaining the above-mentioned object is
characterized in that the membrane modules are stacked one upon
another in a direction of height of the casing to configure a membrane
20  unit.
EFFECTS OF THE INVENTION
[0016] According to the above invention, a membrane clogging is
moderated while reducing a load in filtration, in a membrane module, a
membrane unit and a membrane separation apparatus.
25 BRIEF DESCRIPTION OF THE DRAWINGS
[0017] [Fig. 1] is a schematic sectional view showing an example of a
membrane separation apparatus according to an embodiment of the
present invention;
[Fig. 2] is a view showing an example of a separation membrane
30 according to the embodiment of the present invention, in which (a) is a

lengthwise side view, and (b) is a breadth wise side view;



20unit. EFFECTS OF THE INVENTION [0016] According to the above invention, a membrane
clogging is moderated while reducing a load in filtration, in a membrane module, a membrane unit and
a membrane separation apparatus. 25 BRIEF DESCRIPTION OF THE DRAWINGS [0017] [Fig. 11 is
a schematic sectional view showing an example of a membrane separation apparatus according to an
embodiment of the present invention; [Fig. 21 i§-a view showing an example of a separation
membrane 30 according to the embodiment of the present invention, in which (a) is a lengthwise side

view, and (b) is a brepafh vi$e Side Vigwh fic vieFiod IF2ENMAlIG N Shawing Anxample of
a membrane module according to the embodiment of the present invention, in which (a) is a top plan
view, (b) is a weuticlabviesy dakentaldhg & pihnd ipacaliebiith ehersspartatibmenémbraie Yehsebtional
view taken alparbgitshe line 5 PE’)W c%vis(%zsectional view taken along a pl n%E%rpqg%igular toﬂQF

separation membra%et?g e&ional view taken & o%téotﬁg ine. A? and ? 552516 View taken along a

plane perpenditiarie tepaepaiatiommaimbiarela sectioffeil vAbis aakew stiowingleerhgmbrane
module according to 10 another embodiment of the present inyention; and _. [Fig. 5] in which (a) is
a perspe%tiverl%i%%v Z? AlFhEniE AR Hd%waéﬁgl%?nﬁifb‘%?’e? AlfeRSRE G Qrﬁ%ﬁ%Sn, and (b) is
an exterior vigw,af-a fiamenkedy+a Re IAdder Wih Vhevneaiang smeduir(s) Aecerdinga dhe
example of the present invention. 15 MODE FOR CARRYING OUT THE INVENTION [0018] A

membrane msHule s sHenbranetadie ardlantcinblane fuynandicappartaidsceerdnatioan
embodiment ofd resent invention will be discussed in detail with reference to Figs. 1 to 3. [0019] In
this embodiment, the membrane separation apparatus of a

[Fig. 4] is a view showing a membrane module according to

10 another embodiment of the present invention; and
[Fig. 5] in which (a) is a perspective view of a membrane module

according to an example of the present invention, and (b) is an exterior
view of a frame body to be provided with the membrane module(s)
according to the example of the present invention.

15 MODE FOR CARRYING OUT THE INVENTION
[0018] A membrane module, a membrane unit and a membrane
separation apparatus according to an embodiment of the present
invention will be discussed in detail with reference to Figs. 1 to 3.
[0019] In this embodiment, the membrane separation apparatus of a

20 system using a diaphragm separation activated sludge process
(Membrane Bioreactor: MBR) in a sewage and waste water treatment
facility is exemplified; however, the membrane module and the
membrane separation apparatus according to the present invention are
not limited to this embodiment and therefore applicable to filtration of

25 a variety of treated waters which are to be treated (treated waters
which are not limited to water and therefore may be organic solvent or
the like).
[0020] As shown in Fig. 1, the membrane separation apparatus 1
according to the embodiment of the present invention includes the

30 membrane unit 2 which is configured by stacking a plurality of

membrane modules 3 one upon another in a direction of height of a



20 system using a diaphragm separation activated sludge process (Membrane Bioreactor; MBR) in a
sewage and waste water treatment facility is exemplified; however, the membrane module and the
membrane separation apparatus according to the present invention are not limited to this embodiment
and therefore applicable to filtration of 25 a variety of treated waters which are to be treated (treated
waters which are not limited to water and therefore m&y be organic solvent or the like). [0020] As
shown in Fig. 1, the membrane separation apparatus 1 according to the embodiment of the present

invention inclygles, he 30 aembranedipthWBIch {5 confiauted QSR a0 i BlliMebmembrane

modules 3 one upon another in a direction of height of a -6- casing 6, and an air diffusing device 7
disposed belowhé rredidfare @ae2 to diffuse gas. [0021] This membrane separation apparatus 1 is
installed to b .Ee?dfﬂia Iliguid 1())hase 12 insidg.a bioreactg batlf of MBR.];[hg wajer (&(ia theaf 5 the

. mbrané.separation appa IS Insta
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to be stackedis sdiegied phiew DR thesiddes depite anchihbavkight MisRulst shapecofdbe thoséactor
bath upon taﬁi}r%]rg?; %\ccount of maintainability. ??i{ example, the number of the membrgme odules 3 is
a

selectedsuc IREEASIHHE BAtH: HE&RBRY fratioh HouRe HetinieS AbBat 2 Afto 3 m.
[0022] For exgaaige 2% BRRWMHALLR) 18 rigmd digdv ety aresnadue 3dncludesa piiRality o planar

separation membranes 4, water collection blocks 6c¢ for supporting the side end sections of the

separation miebyamer 2l ephwirey w@w‘gqﬁ@&t S maégmghﬁ@giaé @&ﬁé’é@ﬁﬁ%ﬁé&%ter
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membrc’ilge S%g%%%gi%%caevice 1 becomes about 2 m to 3 m.
[0022] For example, as shown at (a) in Fig. 3, the membrane module 3
includes a plurality of planar separation membranes 4, water collection
blocks 6¢ for supporting the side end sections of the separation
membranes 4, and water flow guides 5 for blocking the side surfaces of
15 the water collection blocks 6¢. In other words, the casing 6 formed with
opening sections at its upper and lower sides is constituted by the water
collection blocks 6¢ and the water flow guides 5. With such a
configuration, the separation membranes 4 are disposed inside the
casing 6 in such a manner that the membrane surface of each
20 separation membrane 4 is parallel with a direction in which treated
water passing through the membrane module 3 flows.
[0023] The air diffusing device 7 is disposed below the membrane
module 3 to generate air bubbles to wash (or scrub) the separation
membranes 4 disposed in the membrane module 3. The air diffusing
25 device 7 is particularly not limited so that one including a cylindrical
member formed of metal or plastic and formed with holes each having a
diameter of about 1 to 10 mm is exemplified. An air inflowing pipe
through which scrubbing air supplied from a blower or a compressor
(not shown) flows is connected to one end of this cylindrical member so

30 that scrubbing air inflowing through the air flowing pipe is ejected from

the holes thereby generating air bubbles 10.



20 separation membrane 4 is parallel with a direction in which treated water passing through the
membrane module 3 flows. [0023] The air diffusing device 7 is disposed below the membrane module
3 to generate air bubbles to wash (or scrub) the separation membranes 4 disposed in the membrane
module 3. The air diffusing 25device 7 is particularly not limited so that one including a cylindrical
member formed of metal or plastic and formed with holes each having a diameter of about 1 to 10 mm
is exemplified. An air inflowing pipe through which scrubbing air supplied from a blower or a

compressor (i SAPWH) JOWR SLPMEREhIGRNG IBAGQS his.cylidicat nembenst,dPdalscrubbing

air inflowing through the air flowing pipe is ejected from the holes thereby generating air bubbles 10.
-7- [0024] Firef, the sepaetibanfembanavilhdordisgiteste smibodienéat ofl the Prasderipwenation will
be discussed i(;l(mpge E%Ij withreference to (a) and (b) in Fig. 2. [0025] The separation membrane 4
exemplified a (afiané1 ) in E?g. 255 % a ceramic flat membrane of a flat plate type, having a width of
100 to 200 mia 02 i e A0rtot 10 Grram lancha thiekres Hffe b 20 (a0 s Eoimn RitgbRinsFig. 2,
this ceramic flat membrape is formed at its end sectiqgn with a plyrality of water. ollefction passages 4b.
In general, thd CeFamtes Pﬁm&?ﬁﬁgﬁéﬁ?p‘?gﬁrﬁﬁﬁﬂb BHRICER By LA USOA WOt 98 Edse of the

extrusion molglingndnsuiiakia size Gf $ir ceyaismIARArRiAte, 'RYCRS 68616 E taking acrPUNKOS
producing machinery such as a metallic mold and the like and deformation and the like after extrusion

of the ceramiefRWméhibbaria [FogePKivais srprnatp Sration anthiprméulay predsatl hmgbe, for 15
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organic flat membrane, inor mbrane, inorganic single-tube membrané an
Examples of tiee amaterfah bitteersepanation puefebraiy 4 include ddiyloséy psiypalefin) gohsulione,
B e o e e vy o W s S I S L
plate may be decided taking account of producing machinery such as a
metallic mold and the like and deformation and the like after extrusion
of the ceramic flat membrane
[0026] Kinds of the separation membrane 4 to be used may be, for
15 example, known separation membranes applied to MBR, such as organic
hollow fiber membrane, organic flat membrane, inorganic flat
membrane, inorganic single-tube membrane and the like. Examples of
the material of the separation membrane 4 include cellulose, polyolefin,
polysulfone, PVDF (polyvinylidene fluoride), PTFE
20 (polytetrafluoroethylene), ceramic and the like.
[0027] Additionally, the pore size of the separation membrane 4 is also
not limited and therefore may be selected according to the particle
diameters of substances as objects of the solid-liquid separation. For
example, the pore size may be not larger than 0.5 um if the separation
25 ~membrane is used for the solid-liquid separation of activated sludge.
Additionally, the pore size may not larger than 0.1 pm in case that
bacteria removal is required like filtration of purified water. In other
words, the pore size may be a size (0.001 to 0.1 um) of pores which are
generally formed in a ultrafiltration membrane or a size (0.1 to 1 pm) of
30 pores which are generally formed in a precision filtration membrane.

[0028] As discussed above, the kinds of the separation membrane 4 are



[0027] Additionally, the pore size of the separation membrane 4 is also not limited and therefore may
be selected according to the particle diameters of substances as objects of the solid-liquid separation.
For example, the pore size may be not larger than 0.5 nm if the separation 25 membrane is used for
the solid-liquid separation of activated sludge. Additionally, the pore size may not larger than 0.1 nm in
case that bacteria removal is required like filtration of-Burified water. In other words, the pore size may
be a size (0.001 to 0.1 nm) of pores which are generally formed in a ultrafiltration membrane or a size

(0.1 to 1 nm) 0f 30 RARIDIER €ngEpaTANNY IR MR h 8diets andIFalion epBIRRS: APR28] A

discussed above, the kinds of the separation membrane 4 are -8- not limited to the embodiment and
therefore aret@ddidechaponnstalfiyceakingciedolityos Cohpaeabiina obtiveatiohebiane dodiim3,
reduction in %ess%resglrro }Jorin 1tlal~iin '93%01'; filt(;a e%??ﬁipresgeofe%rol%essin(gfdurr(i)r%% Sdsi%)osing the
membrane modiie é, and the fike. Adc ionafly,gS the ISPOSI ion’ mode of the sgparatlon Hembrane
may be also suitdhly get posonding torthenshagpe antokindeos thenskphratide médibirdoa 411029] Next,

the membrane madule according to the embodiment will be discussed in more detail exemplifying (a)
and (b) iAl Fig" .%M%@%ﬂd%ﬂ%i P%‘?h%@?%%lfﬁél%m ARYIIRAY 8% ﬁ@%&%qguch that

the opposite side:Rpd 56101 ehibe Baparaieh MambRneARiEILSAREH ebhFhPRAESM by two water
collection blocks 6¢, and the opposite side surfaces of the water collection block 6¢ are respectively

blocked with {A8 286 Watet fidve guriedBarausod pleransosiiagaiatde merodiagatard Hidsosed

vertical and p(ﬁ@ ég@@ ﬁ??ll?o]ﬁ"% (ﬂt@g{@% ngc‘ft%%emé%@af)ogﬂad(gy 1tﬁ(—:-P\g%;[Fe;éf'coIIection blocks 6¢

and the water guides 5. Examples of t ape o sing 6 are, for ex e, a cylinder having a
circular crossk8@8dnAa shlinder dialing a fegansgulae arossbeatiennantithe Jike. doragaoédhe shape
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be plastic, metad, egspaieioetfesikepnddnasefemede not Padituiriydimid Saeheh dngnaumber of
the separation membranes provided inside the casing 6 may be suitably selected taking account of
operationalitBR@site side surfaces of the water collecfion block Bc are respectively
blocked with the two water flow guides 5. Thus, a plurality of
separation membranes 4 are disposed vertical and parallel with each
15 other within the casing 6 formed by the water collection blocks 6¢ and
the water guides 5. Examples of the shape of the casing 6 are, for
example, a cylinder having a circular cross-section, a cylinder having a
rectangular cross-section, and the like. In case of the shape of the
cylinder having a rectangular cross-section, the cylinder may be
20 constituted of a plurality of planar plates (or corrugated plates) like the
embodiment. Additionally, the material of the casing 6 may be plastic,
metal, ceramic or the like and therefore be not particularly limited.
Further, the number of the separation membranes provided inside the
casing 6 may be suitably selected taking account of operationality and
25 maintainability, so that the number may be, for example, around 10 to
30.
[0031] As shown at (b) in Fig. 3, the water collection block 6¢ is
provided with a separation membrane fixing section 6b so as to fix the
separation membrane 4 to the separation membrane fixing section 6b,
30 so that a water collection section 6a is formed by the separation

membrane 4 and the water collection block 6¢. The water collection



25 maintainability, so that the number may be, for example, around 10 to 30. [0031] As shown at (b) in
Fig. 3, the water collection block 6¢ is provided with a separation membrane fixing section 6b so as to
fix the separation membrane 4 to the separation membrane fixing section 6b, 30 so that a water
collection section 6a is formed by the separation membrane 4 and the water collection block 6¢c. The
water collection -9- section 6¢ is in communication wi¢h the water collection passage 4b of the
separation membrane 4 as shown at (b) in Fig. 2. Additionally, as shown at (b) and (d) in Fig. 3, the

water collection $&eHL 63 Fhin SAIMMUICAIR W R il e suctianRrEiing S lormedinghe water 5

collection block 6c. Furthermore, the piping of a pump (not shown) for sucking filtered liquid is
connected totthis Skwatiatisuctinaropening 8. asis ke varrvtdd tHa e waidkddidoivikeation 6a may

be provided tg, at least,ong end;segtion of the,separation membrane 4. [0032] Additionally, as shown at
O Fig. 3, 8 R . b A R A i or o
opening sectiamimieliigl athich Wedied fvbtes fiom dhe thembpama mgod Ulerdneudtfiomshis smadler than the

flow passage wjdth of anﬁ pening section through which treated water inflows. As shown at (b) in Fig.

3, the flow pBAGENABR BR&E by tHe LSliectioP Bt 6 i8 HoHER f?‘i%ﬂb?/\%% Yy virtue of

the thus formggwater fiove seide gutiieilaw pasease WAhiQf thernemhranetiaedy|sod is decreased
so that the opening area (indicated by S2 in Fig. 1) of an upper opening of the membrane module 3 is

formed smalltt thapthe @péamglaaéathﬁmtéa bgléaqﬁdmg.smp@|§Wér1@prehmgrwbiﬁér_words, by
virtue of the 29 ‘T’?ﬁ%% f&ﬁ%ﬁgesgbmgﬁag?%qg gé%aéhﬁiﬁgﬁ (?H%H{'%Q atea of the lower opening of the
e 3) of the gh'whic

membrane modu ow passage throu treated water inflows is larger than the
opening 52 (08¢ ntdateancfliye appdooperind of thelinenthraneaheddle 8) piitte flois passage
through which treated. water outflows, in th fIgE assage through 25.which treated water passes
through the TGIESH tHb MSRErAR WRSHID 4 N6 LTBY Ritaaths: WA UR&HAT SR88 WHine upper and

lower ends ofthe iilevt Bassage whihe nepsabaneipdule chanthdiffeeent haveres diir: vdth between

the water collection blocks 6¢ is constant, and therefore the membrane modules 3 can be stacked one
upon anothePutflows is smaller than the flow passage width of an opening section

through which treated water inflows. As shown at (b) in Fig. 3, the flow
passage width formed by the water collection block 6¢ is constant;

15 however, by virtue of the thus formed water flow guide 5, the flow
passage width of the membrane module 3 is decreased so that the
opening area (indicated by Sz in Fig. 1) of an upper opening of the
membrane module 3 is formed smaller than the opening area (indicated
by S1in Fig. 1) of a lower opening. In other words, by virtue of the

20 water flow guide 5, the opening area S; (the opening area of the lower
opening of the membrane module 3) of the flow passage through which
treated water inflows is larger than the opening Sy (the opening area of
the upper opening of the membrane module 3) of the flow passage
through which treated water outflows, in the flow passage through

25  which treated water passes through the inside of the membrane module
3. It is to be noted that the opening areas of the upper and lower ends of
the flow passage of the membrane module 3 are different; however, the
width between the water collection blocks 6¢ is constant, and therefore
the membrane modules 3 can be stacked one upon another.

30 [0033] The shape of the water flow guide 5 is not limited to one shown
at (C) in Fig. 3, so that it is sufficient that the opening area Si of the



30 [0033] The shape of the water flow guide 5 is not limited to one shown at (C) in Fig. 3, so that it is
sufficient that the opening area Si of the -10- flow passage through which treated water inflows is
formed larger than the opening area S2 of the flow passage through which treated water outflows, in
the flow passage of treated water at the upper opening end of the membrane module 3. Additionally, if
the water flow guides 5 are 5 disposed opposite to eakh other, conditions (concentrations and flow
rates of treated water) of the treated water flowing near all separation membranes 4 can be made the

generally sanpr,inghis:Gaset the Hup WAL Aawauides pavingribe samediialt agdbat ehihg

membrane module 3 may be disposed opposite to each other and respectively 10 located at left and
right sides oftthe rrenibrehe edentenefthept aw shovwa e Rigrav Bbwebee hatprabsit) eiaverer flow

guides 5 each of avhich is formed by being divided in a height direction of the membrane madule 3 may
be disposed B TR S e o B R e
module 3 havifighlkembnmerdiscussatudorsigiiddicnont e, dischssed.tEreflied waielebodvingeinside the

membrane module 3 is brought into contact with the separation membrane 4, and soligd matter and the
like in tréate ery tg%%ﬁﬁﬁa‘i%@ﬁib&%\{ﬁﬁecé’&ééb%‘é 5?%%865?&1%%%% 4 so that 20

treated water isteneraiech e wales9ostananh e §olid freattes #d hedike afilkaird-walsh obtained

by thus removing the solid matter and the like reaches the water collection passages 4b and

transferred tﬂnﬁg@rbm@méﬂé@|b@tiar1a§étﬁbﬁs%alahallbresmbmohlstﬂeiﬁ)ﬁaﬁfbnﬁhg $&6nnected to
the water collgeianspAgSAgRs.40s t?)[&'il?no tides25.f W&gg%f e ‘?ﬁée%?n&*g rﬁlﬂ& RUisigs-ohine

membrane separation apparatus 1). [0035] As discussed aBove, in t rane module 3 according
to the embodimeht af thenpre dentdirsmntioh oiecsh ape okthdhwatee flan duidee it foehed in such a

hat the fl f tion. ided 30 with th ti b 4 of th
membralte QGRS A tar Lo DR A o ArORE (B ke o BN HRAERMing through a

shown in Fig. 1; however, a plurality of water flow guides 5 each of
which is formed by being divided in a height direction of the membrane
module 3 may be disposed in the height direction of the membrane
module.

15 [0034] Operation of the membrane module 3 having the above-discussed
configuration will be discussed. Treated water flowing inside the
membrane module 3 is brought into contact with the separation
membrane 4, and solid matter and the like in treated water gets caught
at the membrane surface 4a of the separation membrane 4 so that

20 treated water is separated into water content and the solid matter and
the like. Filtrated water obtained by thus removing the solid matter
and the like reaches the water collection passages 4b and transferred
through the water collection sections 6a and the filtration suction
opening 8 connected to the water collections passages 4b, to the outside

25  of the bioreactor bath (the outside of the membrane separation
apparatus 1).

[0035] As discussed above, in the membrane module 3 according to the

embodiment of the present invention, the shape of the water flow guide

5 1s formed in such a manner that the flow passage of a section provided
30 with the separation membranes 4 of the membrane module 3 i1s formed

narrow, and therefore the flow rate of treated water flowing through a



space between the water flow guide 5 and the separation membrane 4 and a space between the
separation membranes 4 is increased thereby improving a washing effect. Additionally, by narrowing
the flow passage, a gas-liquid mixture flow containing air bubbles 10 converges thereby 5 making it
possible that air bubbles effectively act on the membrane surface 4a of the separation membrane 4.
Further, by disposing the water flow guide 5 in such allnanner that the surface of the water flow guide
5 is parallel with the membrane surface 4a of the separation membrane 4 and by decreasing the

distance betwggh theswiage oG A0WaigtfIgWiguWds praNeHBe BIRMRLRDR SHERGS 48 otthe

separation membrane 4 opposite to the surface of the water flow guide, air bubbles can be allowed to
more effectivelyhet epape bedmbeanésesapa natod thensepbrativrs rembrave 4s ¢doBs paduitionally,

as shown in Flig 1. treated wate existi@ "{t%dld'sl outer eriBheraI section ohtl%e embrane unit 2

inflows into the 1?1%97\1%?%13 anit %ltﬂlt%l?g%g. (:Iearan%é) ga\}/ ith1s formed between the ehd of the ‘upper

opening of the mesrlitanel moditherd dhoisthe andiofi the ddwedideind ofdhevaegdsraherabgtule when

the membrane upit 2 is configyred hy stacking memprane modules 3 ope upon another. 20
Accordirly, m?ig%geﬁﬁ%ﬁlj? & foﬁ%f?fllég@S HOVNG BESUYA YIFP@ ifsTde Y& membrane

unit 2 can bedawered 4hesely dnypioying @ Hltradaneticieacyrinibe, separi membrane 4.
Particularly, the surface of the opening of the clearance 9 is formed perpendicular to a flowing direction

of treated watef HRIWHhEsUER P5ithé widntbraAE DAl Qhaﬁé]ﬁ?eﬁéfbfécﬁiﬂgme‘é’&tﬁﬂcﬂﬂﬁb near the
wall surface %T&ﬁ? ‘“@E%;é'&% IS P nRe RISHEMEddToOm BRIBYCIeAPRY . Ine Qyfside of the
it 2 fand the mem [003

membrane u rane separation apparatus 1). 7] Fig. 4 1s a figure showing the
membrane mactuieb14 mecbriint by 3 anstkhen griibedinséanotthe toresent nventidacd lvd thembrane

dule 14 ding,to another embogiment of t tipvention is =12- characterized by bei
providebPuit et LAY b 15 R e A LB Chh P I Cop bt hombrane 4 i

addition to theneenfigutatianggfbsifersbrBassmedile sfagcordingeiofiavesiiddiment 9h B18 @sesent

invention. Accordingly, the same reference numerals are
can be allowed to more effectively act on the membrane surface 4a of

the separation membrane 4.
[0036] Additionally, as shown in Fig. 1, treated water existing in the

15 outer peripheral section of the membrane unit 2 inflows into the
membrane unit 2 through a clearance 9 which is formed between the
end of the upper opening of the membrane module 3 and the end of the
lower opening of the membrane module when the membrane unit 2 is
configured by stacking the membrane modules 3 one upon another.

20  Accordingly, an increase in concentration of treated water flowing
though the inside of the membrane unit 2 can be lowered, thereby
improving a filtration efficiency with the separation membrane 4.
Particularly, the surface of the opening of the clearance 9 is formed
perpendicular to a flowing direction of treated water flowing through

25 the membrane unit 2, and therefore air bubbles 10 flowing near the wall
surface of the water flow guide 5 can be prevented from being released
to the outside of the membrane unit 2 (and the membrane separation
apparatus 1).

[0037] Fig. 4 is a figure showing the membrane module 14 according to

30 another embodiment of the present invention. The membrane module 14

according to another embodiment of the present invention is



5 assigned to the same members as in the configuration of the membrane module 3 according to the
embodiment of the present invention, thereby omitting the detailed explanation thereof. [0038] As
shown in Fig. 4, the flow stabilizing member 15 of the shape of a reversed triangle in vertical section is
provided to the lower end 10 section of the separation membrane 4. This flow stabilizing member 15
has a length in a direction perpendicular to the surfack2of Fig. 4, set equivalent to that of the
separation membrane 4, and is installed in such a manner that the opposite end sections of the flow

stabilizing MeRREs i AISJEIRCERMENY B4 10 LARYES fPmed idns1vales Trdsaliegtien Blpck 6¢ for

supporting the separation membranes 4. In other words, the flow stabilizing member 15 is of the shape
of a triangulatipeismy an¢ 1k steiperopattleastairrside suraselafxhe flovn stdiiizing heebhtser 15 is

generally the oae s el ol ihpsuiiace ot e et ond.seclion. el e sanaralian Memplang . 20
[0039] The flow stabilizing member 15 is disposed at the lower end settion of each separation

membrane 4 thedptheyefarerike miletraf Ave diot pabsagdecol dieated iwaterdechvennithis separation
membranes 4 is formgd in sﬁjch a shapeg?j?to spread ig}ia directjon toward t}ﬁe ower side. In other

words, the di2SHER ek LR DSPERRNTIRRET SHtTadb N8 £ BRI Wia BoPositd AEWPSHHRTARS

members 15 gradualsdecteagesdnia eHectivmipwaldiibe PRRer $ide 3R hatansusidenia@sase in
flow passage area between the separation membranes 4 can be moderated. Accordingly, the

gas-liquid miRAE Flse ﬁbiﬁgiﬁb?ﬁlﬁé%mdm%ﬁigrdébi%éepfnﬂovys to the flow passage between the
separation MESHAENAS Ahd WK ARIR0 QKRS AIR0AING ARPORISIaGIRY SuiareRd 3p ghihe

opposite flow stabilizing members 15. By this, the gas-liquid mixture -13- flow is restrained from its
suddenly contfagticrv by teel flonapadsage betvieah see tseparatmromdedranébetldsarresndt, large air

bubbles contaiing n tne e ouid misture flow pass Uraya e SPASR SEIRE S ASBRYn
has a length in a direction perpendicular to the surface of Fig. 4, set
equivalent to that of the separation membrane 4, and 1s installed in
such a manner that the opposite end sections of the flow stabilizing
member 15 are respectively fitted in grooves formed in the water

15  collection block 6¢ for supporting the separation membranes 4. In other
words, the flow stabilizing member 15 is of the shape of a triangular
prism, and the shape of at least one side surface of the flow stabilizing
member 15 is generally the same as that of the surface of the lower end
section of the separation membrane 4.

20 [0039] The flow stabilizing member 15 is disposed at the lower end
section of each separation membrane 4, and therefore the inlet of the
flow passage of treated water between the separation membranes 4 is
formed in such a shape as to spread in a direction toward the lower side.
In other words, the distance between opposite inclined surfaces 15a of

25  the opposite flow stabilizing members 15 gradually decreases in a
direction toward the upper side, so that a sudden decrease in flow
passage area between the separation membranes 4 can be moderated.
Accordingly, the gas-liquid mixture flow rising from the air diffusing
device 7 inflows to the flow passage between the separation membranes

30 4 while being guided along the opposite inclined surfaces 15a of the

opposite flow stabilizing members 15. By this, the gas-liquid mixture



5 small air bubbles. Additionally, the gas-liquid mixture flow rising from the air diffusing device 7 can be
introduced into between the separation membranes 4 without being stayed at the lower end surface of
the separation membrane 4 under the action of the flow stabilizing member 15. 10[0040] It is to be
noted that the flow stabilizing member 15 is sufficient to be one which makes the above-discussed
effects, and therefore it may be a member which is géierally triangular in vertical section without being
limited to the above-discussed embodiment. Additionally, the separation membrane 4 may be formed
during formatigithereat i lRe thahinaanal dhtihe shens efihe lwerend wepiiea of the separation
membrane 4 becomes similar to that of the flow stabilizing member 15. [0041] Detailed discussion will
be made on dsération dhihe enemiane sepakitionespparssus aesvlding rgehelerhbddileent of the
present invenct(i)oncz\{vli}lh1 ﬁef‘:ﬂ?@ﬁ% tanSigi;1 1. lla '\r/Ian'?ﬁ &Qg ﬁig ‘gviffuséré evilclzeh? ﬁ%gos dgs(posed below the
separation membrane it order to %reveﬂtuthe Separation mermbrane 4 from c ogglr?g due to adherence
and accumulatow ot finehioreign sautistancesn extiacaldlay pblymels: pieddeedhy sgiedotorganisms,

and the like on and in.the separati embrane 4. Air diffysion. from the air diffusing. devjce 7 may be
carried 25 out @ ﬁl&%ﬂ?ﬁhﬁ%@?ﬁiﬁgﬂﬁaﬁyp&%&af @éﬁ#gragfﬁaleﬁaﬂawmw %8R suction
filtration procegg gk A &fﬁﬂm%i&m@@wmgﬁ%é REkRs uvadereAE diflerencs arediach aan
operation method for the membrane separation apparatus 1. [0042] In case of carrying out

filtration, air iS@ifzedfesnd thatdipso Hrindnytasokat the boysyr afndsigteesceirtbRr supplying
oxygen, providashin g PRI A ar NG RIRPRRIORRRIB OSBRI RIS bt NP SRR T
reaction of micro-organisms into the liquid phase. By diffusing air from the air diffusiing device 7, rising
of air bubbledlin the liquid causes flow rate, turbulent flow and shearing force to act onto the surface

| f th ti 4, thereb king it ible 5 t th ti b 4.
i other orel 0 bk BEOHS SO o RTalbaNuRir T KA S5 R aBl ot WA S cifusing
device 7 risesabd ep1865 th coRiRek itk the SepRlian: ReImiffacest - iht Hés gas-iqyichapxture

flow, scrubbing is made on each separation membrane 4. Additionally, oxygen dissolving into
be a member which is generally triangular in vertical section without

being limited to the above-discussed embodiment. Additionally, the
separation membrane 4 may be formed during formation thereof, in

15 such a manner that the shape of the lower end section of the separation
membrane 4 becomes similar to that of the flow stabilizing member 15.
[0041] Detailed discussion will be made on operation of the membrane
separation apparatus according to the embodiment of the present
invention with reference to Fig. 1. In MBR, the air diffusing device 7 is

20 disposed below the separation membrane in order to prevent the
separation membrane 4 from clogging due to adherence and
accumulation of fine foreign substances, extracellular polymers
produced by micro-organisms, and the like on and in the separation
membrane 4. Air diffusion from the air diffusing device 7 may be carried

25 out always continuously at least in a process of filtering being made. An
immersion suction filtration process or a gravitation filtration process
under a water head difference are used as an operation method for the
membrane separation apparatus 1.
[0042] In case of carrying out filtration, air is diffused from the air

30 diffusing device 7 and a gas diffusing device 11 for supplying oxygen,
provided in a liquid bath 12 of the bioreactor bath to supply oxygen



10 treated water is carried out by the gas diffusing device 11 for supplying oxygen. [0043] Additionally,
treated water is separated into solid content and water under the filtering function of the separation
membrane 4. As shown at (b) in Fig. 3, the water collection passage 4b of the separation 15
membrane 4 is in communication with the filtration suction opening 8 through the water collection
section 6a, and the suction pump (not shown) is connkcted through the pining to the other end of the
filtration suction opening 8. Accordingly, filtered water filtered through the separation membrane 4 is

sucked by the, suctionRumP ANIHANSIEITRA 40 18:1B8 OKiRIdE AT shen AN B 1sgREGlipN apparatus

1. [0044] Scrubbing is a method for removing adhered substances on the surface of the separation
membrane 4 d\iBvinygngily drovingheeateddiidiesiong tle wigdatefing sdparatiorbiembranbel with
water flow copiining fising, 3 ybbips 10, Acsardingl, a5 shawa Joig. 4, by 25 siacking e
membrane modules 3 one upon anothér in a direction of 3ep i of freated wa er, Scru Blng can be
made onto meuiefsepalatien ofethleranea dagven withibe samée atheuobef min kuhPlés ploseihde words,
as the number of th mbrane madules 3 stacked incg‘alasgz a scru{tfbin effect tq an.gir amount to

m )
be diffusd fro"tAS AiF RFESRRA SOHIYIBRCMLTAd e abeti [BBAS] NitiSnih? H#RSHLEAHEe (the flow

passage widthy); Retweeandhegdre waled ipwiguideupprdedon-thevemirane faedie 3 and the
separation membrane 4 is smaller in an upper section of the membrane module 3 and larger in a lower

section of théﬁf@h@é@]d?ﬁé‘é@l@.%&% 8 dicomasse et Anbrdhd ke paRtishtapParatus 1 is
contares OB o U TESRISTHIOA P AN RIS
apparatus 1 thecbbyepakirtg dnpossiblertneadsé\ did bubbed yl ©tgyeffactivedp bongnia teparation
membrc’ilge 4'treated water is carried out by the gas diffusing device 11 for supplying
oxygen.
[0043] Additionally, treated water is separated into solid content and
water under the filtering function of the separation membrane 4. As
shown at (b) in Fig. 3, the water collection passage 4b of the separation
15 membrane 4 is in communication with the filtration suction opening 8
through the water collection section 6a, and the suction pump (not
shown) is connected through the pining to the other end of the filtration
suction opening 8. Accordingly, filtered water filtered through the
separation membrane 4 is sucked by the suction pump and transferred
20  to the outside of the membrane separation apparatus 1.
[0044] Scrubbing is a method for removing adhered substances on the
surface of the separation membrane 4 by swingingly moving treated
water on the surface of the separation membrane 4 with water flow
containing rising air bubbles 10. Accordingly, as shown in Fig. 1, by
25  stacking the membrane modules 3 one upon another in a direction of
depth of treated water, scrubbing can be made onto more separation
membranes 4 even with the same amount of air bubbles. In other words,
as the number of the membrane modules 3 stacked increases, a
scrubbing effect to an air amount to be diffused from the air diffusing

30 device 7 is increased.

[0045] Additionally, the distance (the flow passage width) between the



10 [0046] The flow of treated water inside this membrane separation apparatus 1 is a flow directing
from the opening section S3 at the lower section of the membrane separation apparatus 1 to the
opening section S4 at the upper section. The flow passage of the membrane separation apparatus 1 is
simply tightly blocked from treated water existing in the 15 outside, and treated water is filtered by the
separation membrane 4, so that the activated sludge Boncentration of treated water increases as a
location in the membrane separation apparatus 1 become higher. [0047] In the membrane separation

apparatus 1 of thePreseNE INRNEOP: FERIed WRIGH EXRING PARICE, JIR.QUISTREIIRRARYY Of the 20

member unit 2 is sucked into the membrane separation apparatus 1 through the clearance between
the lower end ep #iawaremilem hrideeHoftrannaélabrane moopler3santi e eipplee endmobitenwater flow

guide 5 of angther me bra@q module 3 connected to, the | Wer side ofothe abovedmlentigned
m&)ﬁuﬁ% an arger 1in a lower s glO O? §e naem rane {110 ule. dS %h

membrane module 3. Accordingly, an increase in 25 activated sludge concentration inside the

membrane sepatdtipnrappatatih i tha hecsuppressed p@t4dpin afhed vadids,Isisceotiéaiedadater is

sucked into the membrane separation gpparatus 1 through a space between the respective membrane
bl gheeR DA Rt s

modules®3 wiRH SF SACRedl85 & Mo R HnSHsEr- P 4G FEas @ NPAROREPAHIGE @hcentration

inside the m%ﬂ@iﬁnﬁssﬁlﬁ%@q@i‘a%ﬂafﬁélﬂﬁ 11f23 he BPAREBSgadle Vie @ Tegkl. oloas it s k8- filtering is
lowered thereby resulting in moderating a membrane clogging and reducing an consumed energy.

Additionally, §h1%é’t_’f’féiéiéa‘?§r‘ib@ 9178 Ry wmama@mﬁﬁg%ﬂsiﬂéqr@qumﬂbéﬁaﬁéry of the
membrane S?,%%@%‘?ﬁ @8%%@&%5&}%‘2*%8%6 E%”ﬁ%éﬁ%? '8@988@%%%%&113{96{{‘9‘1

perpendicular to the flowing direction of treated water flowing iri the membrane separation apparatus
1, air bubblesxiéhchnareeptevented from being released from the space between the membrane

module 3 and the brane mogule 3, thereby making it possible ta cause much ajr bubbles 10 to act
o he Bpardi019b M ARG s TeR G o8 AL RS LR ARLIRETOF SRR 1ed water int
the membrangpiapalation apparabss Hisdasnsrated bytisingehati debbles 1 & aa¢ theredarea power
source for sucking treated water is not particularly necessary to be provided. ) )
section of the membrane separation apparatus 1 to the opening section
S4 at the upper section. The flow passage of the membrane separation
apparatus 1 is simply tightly blocked from treated water existing in the
15 outside, and treated water is filtered by the separation membrane 4, so
that the activated sludge concentration of treated water increases as a
location in the membrane separation apparatus 1 become higher.
[0047] In the membrane separation apparatus 1 of the present
invention, treated water existing outside the outer periphery of the
20 member unit 2 is sucked into the membrane separation apparatus 1
through the clearance between the lower end of the water flow guide 5
of the membrane module 3 and the upper end of the water flow guide 5
of another membrane module 3 connected to the lower side of the
above-mentioned membrane module 3. Accordingly, an increase in
25 activated sludge concentration inside the membrane separation
apparatus 1 can be suppressed.
[0048] In other words, since treated water is sucked into the membrane
separation apparatus 1 through a space between the respective
membrane modules 3 which are stacked one upon another, a large
30 increase in activated sludge concentration inside the membrane

separation apparatus 1 can be suppressed. As a result, a load to



[0049] As discussed above referring to the embodiment, according to the 15 membrane separation
apparatus of the present invention, by configuring the membrane unit by stacking the membrane
modules one upon another in the height direction, air bubbles generated from the air diffusing device
can act on a plurality of the membrane modules. Consequently, the efficiency of scrubbing can be
improved thereby 20 making it possible to lower a con§umed electric power for a blower for supplying
air for scrubbing. In other words, a high filtering flux can be secured while suppressing at the minimum

value a wind gepIR JofMeMRraneWasBd (SCIHRDNO) Cat iRt PHE IR UORQUKB,fRENG process. 25

[0050] Additionally, by providing the water guide to the membrane module, air bubbles can be caused
to effectively dogsinigeasepaedioninembranb syithed: eiffrgondd dit bubblés geneeatde from the air

diffusing device 1o the oyfside of the unit. In other words, a.scrubbing efficiency can be improved while
overing the S St o b S R A S Y S 05 By
stacking the merphans md dhle smne hiponcasethartati suchpp a ta t usahnart theh thenepeiragarea of the

flow passage through. which treated water qutflows is smaller. than the openjng area qf the flow

passagethrotPARRIA TrERBEAHLT ihASWEr THE LIRSFRFRNC AP HA G SR B diAEshton
membrane modiies aaithek taateskwalen ahberRsHekech theyoh His Hleasaasa thsothegiwords,

each of the stacked membrane modules can suck treated water existing in the outside. Accordingly, an

increase in abikéassiigardieairasatedisesbsprssedanrrd I6Wartda FRED filtering so as to
d i i i ilter, 1 0052
moderate a %%W%%%etglf‘gggtf?&%@Q#%%@&%ﬁ%@@ﬁ%eﬁb %M%‘ﬁ%ﬁ}?&&é\éeﬁ BrRyp, [0052]

Additionally, a washing igh 1If the diame es to be diffused is large, wheéreas a
dissolving effiniekty gsiimpreved é thecdiaseetenohgars bubblds solibetosadtfondissokémpg patiimtreated

water is’lgmalrlhér%cgl;girqg%. lﬂ 938%@%2%@t%3i2ﬂg1u3i% gﬁylilcgeforce for sucking treated
water into the membrane separation apparatus 1 is generated by rising
of air bubbles 10, and therefore a power source for sucking treated
water 1s not particularly necessary to be provided.
[0049] As discussed above referring to the embodiment, according to the

15 membrane separation apparatus of the present invention, by
configuring the membrane unit by stacking the membrane modules one
upon another in the height direction, air bubbles generated from the air
diffusing device can act on a plurality of the membrane modules.
Consequently, the efficiency of scrubbing can be improved thereby

20 making it possible to lower a consumed electric power for a blower for
supplying air for scrubbing. In other words, a high filtering flux can be
secured while suppressing at the minimum value a wind amount for
membrane washing (scrubbing) carried out throughout a filtering
process.

25 [0050] Additionally, by providing the water guide to the membrane
module, air bubbles can be caused to effectively act on the separation
membrane without diffusion of air bubbles generated from the air
diffusing device to the outside of the unit. In other words, a scrubbing
efficiency can be improved while lowering the consumed electric power

30 of the blower for supplying air for scrubbing.

[0051] By stacking the membrane modules one upon another in such a



15 for scrubbing separately from the gas diffusing device for reaction of micro-organisms, the energy
consumption amount for a blower or a compressor to be used for the air diffusing devices or the like
can be reduced. [0053] It is to be noted that by providing the flow stabilizing member at 20 the lower
end section of the separation membrane provided in the membrane module, the inlet of the flow
passage of treated water between the separation mefibranes 4 is formed in such a shape as to
spread in a direction toward the lower side by virtue of the flow stabilizing member, so that a sudden

decrease in flgw,pAssage, a6 eiRen 108 %?R?Iétf%‘vmﬁﬁk@’ eI LA REMPHEAted.

Consequently, the gas-liquid mixture flow is restrained from its sudden contraction in the flow passage
between the tepatadon atembrahbends andmhetbforthiaréhuir pbibies corrainéd iretAogas-liquid

mixture flow %ass thrOl{%lf (t)ilwle gPace CH? ween tae V;gparati membrangs without beian% dec&)mposed

S e reate er 11 WS,. earagnce 1s me
30 to small aff bubbies. Hen , the gas-liquid mixture flow WRICH i arge in diameter of air bubbles can

be introduce® stte betwden dldga ebdrtsepardiicm@endatabes siheteby tmprovihey atwashingbeffect to the
separation membrane. [0054] (Examples) Discussion will be made on the membrane module, the 5
membraRe uﬁl‘t“ﬁﬁﬁq}@ﬁ?é‘rﬁ rgﬁéss &%Bﬁeajéhﬂfﬁ T8 ﬁwgef’ocghé’gﬁ‘é?oﬁﬁ% £Of the present
invention withfefgianaedodad ancs (b i Kigkotladbe Expmplee thesame afRiencedidmerals are
assigned to the same members as those of the membrane module, the membrane unit and the

membrane sépHRtidHEppatdtud atedrding oY atfBotiniter torsery biaftieRakictailed
explanation thejegh. (s dobifOtRa At iDe Waiek 938"?%@41]%%‘%%%@& lg&@%&%aathe front side on
the paper surface is omitted to be shown i ?he igure. [0055] As shown at (@) In Fig. 5, in the
membrane maculeb16 mecdrdigyie thedekavwptengf the resent ihedatitnctpe wieke fndasédtien of the
10 pump.
[0052] Additionally, a washing effect is high if the diameter of air
bubbles to be diffused is large, whereas a dissolving efficiency is
improved if the diameter of gas bubbles to be used for dissolving gas in
treated water is small. Accordingly, by designing the air diffusing device
15  for scrubbing separately from the gas diffusing device for reaction of
micro-organisms, the energy consumption amount for a blower or a
compressor to be used for the air diffusing devices or the like can be
reduced.
[0053] It is to be noted that by providing the flow stabilizing member at
20 the lower end section of the separation membrane provided in the
membrane module, the inlet of the flow passage of treated water
between the separation membranes 4 is formed in such a shape as to
spread in a direction toward the lower side by virtue of the flow
stabilizing member, so that a sudden decrease in flow passage area
25 between the separation membranes can be moderated. Consequently,
the gas-liquid mixture flow is restrained from its sudden contraction in
the flow passage between the separation membranes 4, and therefore
large air bubbles contained in the gas-liquid mixture flow pass through
the space between the separation membranes without being decomposed
30 to small air bubbles. Hence, the gas-liquid mixture flow which is large

in diameter of air bubbles can be introduced into between the



15 separation membrane 4 formed with the water collection passage 4b is supported by the water
collection block 6¢. Additionally, the water flow guide 5 is provided to block a space between the side
surfaces of the water collection blocks 6¢. [0056] The thus configured membrane module 16 is fixed
to a frame 20 body 17 as shown at (b) in Fig. 5 thereby configuring the membrane unit and the
membrane separation apparatus (not shown). [0057] The frame body 17 is provided at its side surface
with a membrane module fixing section 18 for fixing the membrane module 16, and the fame body 17

Is provided at {15 HRIQE-SREIRIHLAR RS @k LB E’ﬁié@@&%‘ﬂ%eivdggﬁ%éfé?f’éb? fpefparane module

16 is fixed to the membrane module fixing section 18, the frame body 17 is dipped in treated water in
such a mannee Beatathie ningiffabirapgevice 7 is located below the membrane module 16. Then, filtering
of tre_ate_d wgt%i ﬁa(ﬁ%%gfép% he 30 membrane module 16 while accomplishing air diffusion from
the air diffusing device 7. PLANATION OF REFERENCE NUMERALS [0059] 1 ...membrane
separation apparatus¥ sconesndawe] it 3nhel e .ore iy ane mbdutec5h o.depareion membrane
(membra5ne erlltfglrg tr)ane unit and the membrane separation apparatus according to
the embodiment of the present invention with reference to (a) and (b) in
Fig. 5. In the example, the same reference numerals are assigned to the
same members as those of the membrane module, the membrane unit
and the membrane separation apparatus according to the embodiment
10 thereby omitting a detailed explanation thereof. It is to be noted that
the water collection block 6¢ to be located at the front side on the paper
surface is omitted to be shown in the figure.
[0055] As shown at (a) in Fig. 5, in the membrane module 16 according
to the example of the present invention, the side end section of the
15 separation membrane 4 formed with the water collection passage 4b is
supported by the water collection block 6¢. Additionally, the water flow
guide 5 is provided to block a space between the side surfaces of the
water collection blocks 6¢.
[0056] The thus configured membrane module 16 is fixed to a frame
20 body 17 as shown at (b) in Fig. 5 thereby configuring the membrane
unit and the membrane separation apparatus (not shown).
[0057] The frame body 17 is provided at its side surface with a
membrane module fixing section 18 for fixing the membrane module 16,
and the fame body 17 is provided at its bottom section with the air
25  diffusing device 7.
[0058] After the membrane module 16 is fixed to the membrane module
fixing section 18, the frame body 17 is dipped in treated water in such a
manner that the air diffusing device 7 is located below the membrane
module 16. Then, filtering of treated water is carried out by the

30 membrane module 16 while accomplishing air diffusion from the air

diffusing device 7.



4a ...membrane surface 4b ...water collection passage 5 ...water flow guide 6 ...casing 106a ...water
collection section 6b ...separation membrane fixing section 6¢ ...water collection block 7 ...air diffusing
device (for scrubbing) 8 .. filtration suction opening 159 ...clearance 10 ...air bubbles 15 ...flow
stabilizing member S1 ...flow passage (opening area) through which treated water inflows to
membrane module 20S2 ...flow passage (opening aré&) through which treated water outflows from
membrane module

10

15

20

25

EXPLANATION OF REFERENCE NUMERALS
[0059] 1 ...membrane separation apparatus

2 ...membrane unit

3, 16 ...membrane module

4 ...separation membrane (membrane element)

4a ...membrane surface

4b ...water collection passage

5 ...water flow guide

6 ...casing

6a ...water collection section

6b ...separation membrane fixing section

6¢ ...water collection block

7 ...air diffusing device (for scrubbing)

8 ...filtration suction opening

9 ...clearance

10 ...air bubbles

15 ...flow stabilizing member

S; ...flow passage (opening area) through which treated water
inflows to membrane module

So ...flow passage (opening area) through which treated water
outflows from membrane module

Ss ...opening section at lower section of membrane separation
apparatus

S4 ...opening section at upper section of membrane separation

apparatus



S3 ...opening section at lower section of membrane separation apparatus S4 ...opening
section at upper section of membrane separation 25 apparatus -20- CLAIMS [11A membrane module
characterized by comprising: a casing; and a plurality of membrane elements stored inside the casing,
5 wherein an opening area of a flow passage of the casing through which treated water outflows is
smaller than an opening area of a flow passage of the&@asing through which treated water inflows.
[21A membrane module as claimed in Claim 1, characterized in that the membrane element is a flat
membrane. 10 [31A membrane module as claimedjm@pgig 1 or 2, characterized in that a flow
stabilizing member is disposed at a lower end section of the membrane element to introduce treated
water into a dddce behwaemtheane mpdivd & dmentstq1iza inbsmbeanpiitage as claimed in any of
Claims 1 to 3, 15 characterized in that a water flow guide is disposed in the casing to reduce the
opening area of the fﬁ)v%apnsa{g%g%no the casing through which treated water outflow.

a plurality of membrane elements stored inside the casing,

5 wherein an opening area of a flow passage of the casing through
which treated water outflows is smaller than an opening area of a flow
passage of the casing through which treated water inflows.

[2] A membrane module as claimed in Claim 1, characterized in that
the membrane element is a flat membrane.

10 [3] A membrane module as claimed in Claim 1 or 2, characterized in
that a flow stabilizing member is disposed at a lower end section of the
membrane element to introduce treated water into a space between the
membrane elements.

(4] A membrane module as claimed in any of Claims 1 to 3,

15 characterized in that a water flow guide is disposed in the casing to
reduce the opening area of the flow passage of the casing through which
treated water outflow.

[5] A membrane unit characterized by comprising:
a plurality of membrane modules each of which includes a casing

20 formed with opening sections which are respectively opened in upward
and downward directions, the membrane modules being stacked one
upon another in a direction of height of the casing; and

a plurality of membrane elements stored inside each casing,
wherein each membrane module is configured such that an

25 opening area of a flow passage of the casing through which treated
water outflows is smaller than an opening area of a flow passage of the
casing through which treated water inflows.

[6] A membrane separation apparatus characterized by comprising:
a plurality of membrane modules each of which includes a casing
30 formed with opening sections which are respectively opened in upward

and downward directions;



[51A membrane unit characterized by comprising: a plurality of membrane modules each of which
includes a casing 20 formed with opening sections which are respectively opened in upward and
downward directions, the membrane modules being stacked one upon another in a direction of height
of the casing; and a plurality of membrane elements stored inside each casing, wherein each
membrane module is configured such that an 25 opeRihg area of a flow passage of the casing through
which treated water outflows is smaller than an opening area of a flow passage of the casing through
which treated water igflgws.{fit4 DremBIAReSePRIAIARARPEIBIIChAARIELIZER Y GARPYSIAY:

a plurality of membrane modules each of which includes a casing 30 formed with opening sections
which are respectivelyropenet ifngpagdeanceddispaacd dirdotorise -riemaptaraditynoidmbssbrane
elements sto?ﬁi insid& I%aé:rﬁllg%ging;saen%rat.Oarllnaair di;fgfc,li%r;géievﬁ%el digq?lsﬁe%l[o%%w he membrane
modules. [71A membrane separation aPppara Us &% Riaimed in Claim , Characterized'in that the
membrane mdthles toeistatkadthae thembeanbiteatdnnacditdetionref beighicof theecaping to configure

a membrane unit, . . . : . .
another in a direction of height of the casing to configure a membrane

unit.





