1 DESCRI PTI ON MEMBRANE MODULE UNI'T AND ASSEMBLY METHCOD, DI SASSEMBLY METHOD,
AND MAI NTENANCE METHOD FOR SAME, AND 5WATER- TREATMENT APPARATUS TECHNI CAL
FI ELD [ 0001] The invention relates to a nmenbrane nodul e unit, and
an assenbly nethod, 10 di sassenbly netHod, and mai nt enance net hod of the

sanme, and a water treatnent appar S Priority is clainmed on
Japanese Patent Application No. 2%%&?@1@?} filed February 24, 2009, the
content of which is incorporated herein by reference. 15BACKGROUND ART
[0002] A nenbrane nodule is used for the water treatnent that performs
solid-liquid separation. As the nenbrane nodule, for exanple, there is
known a hol | MEMBRANEEIGINEHE (MIAUANDhESSEIGBaYHAETBMO, i Ibis Ssempave  bundl e
in which a plurality of hollow 20fi ber nmenbranes is drawn and aligned in

one direction, andgimaioh MDWNFENRNCE‘MBTH@EM'S@MI@'Q@ﬁ menbr ane

bundl e at both ends of the hollow fi ber menbrane in the ['ength direction

thereof In recent years, ngkitng. FrEIAHA: T%Ifﬂ&}#ﬁm ane nodules into a unit

is perforned due to an increase in e anpbunt " of raw water to be treated.
[ 0003] 25As a nenbrane nodule unit in which a plurality of menbrane nodul es
is made

TECHNICAL FIELD
[0001]
The invention relates to a membrane module unit, and an assembly method,
10 disassembly method, and maintenance method of the same, and a water treatment
apparatus.
Priority is claimed on Japanese Patent Application No. 2009-0410135, filed

February 24, 2009, the content of which is incorporated herein by reference.

15 BACKGROUND ART

[0002]

A membrane module is used for the water treatment that performs solid-liquid
separation.  As the membrane module, for example, there is known a hollow fiber
membrane module having a hollow fiber membrane bundle in which a plurality of hollow

20 fiber membranes is drawn and aligned in one direction, and holding members that hold
the hollow fiber membrane bundle at both ends of the hollow fiber membrane in the
length direction thereof.  In recent years, making a plurality of membrane modules into
a unit is performed due to an increase in the amount of raw water to be treated.

[0003]

25 As a membrane module unit in which a plurality of membrane modules is made



2 into a unit, for exanple, the foll ow ng nenbrane nodule unit is known.

(1) A menbrane nodule unit in which both ends of a plurality of hollow

fi ber nmenbrane nodul es are connected to water collection headers fixed to a
substantially rectangul ar parallel epi p&d franme (Patent Docunents 1 and 2).

5(2) A menbrane. npdul e uni is m into a unit_ by housing a plurality
of hol | ow™ ¢ HERH ”rﬁgﬁﬁ?dﬁﬂg ﬁ%%f?ﬂé@i%mﬁpgraae gipguleamitiiakngwa.ect angul ar
paral | el epi ped frane, and hol ding both ends of the nodules by the frane
(Pat ent Documentl) &ymembreaamodsinemisin whivkrhtinerslstofie phoblitywif hgllpw dbkens i n
the units (1) and (2). 10(i) First, it is necessary to assenble the frane.

(1) Si nceembpngmaddutey aed cdnnectbdid \QWexf cAdRCtidEsadangixe s bsanauld be
attached to the franme one by one, the assenbly of the units is conplicated,

and si nceregtap alag&drénelégf n#?a@éﬂtbo@@rﬁexﬁ??%@@? modul es is renoved one
by one fromthe units, sasse | y and mai nt enance (washi ng, checking, or

the like) are ure he.uni t.s

conplicated, in gné-h &ﬁ%&% mégéllggﬁ sté% i nlggmpeeltr‘1 ¥Ooar un%n%%h%‘fm%ﬁ%lﬁfal?a ‘fﬁmaigai nst
vibratio s or the |i ect | bet we collectlon wat er
header o?h ﬁ? ﬁﬁ RSP ANG W@EﬁB’PY" nf"’i &Wéaﬁf&rfsﬁéng?gﬁ lelegiped dragmgppr ess
vi bration of the hollow fiber nmenbrane nodul es thensel ves. [0005]

20Par t i cutriojding hotheadne! e arogules briclee fraree (Rat Sesumotid)es and the unit
thereof are enlarged due to a further increase in the amount of raw water

to be treated, [M004econes difficult to easily handl e the nenbrane nodul es
and the unit. Additionally, with the enlargenent, in the frame or the

menbrane nmodul ggewdlicAERSE 9Rtahe BIlloWisg proBleniskg ke 4ftsf®) £RAYSed, or distortion
is likely to occur. Therefore, it becones difficult to reiiabl y couple 25

and fjigx a plur Qi)'ﬁlﬁét,%lshg&sgﬁmﬁg&mq}fé f2me.

(if) Since a plurality of the hollow fiber membrane modules should be attached
to the frame one by one, the assembly of the units is complicated, and since a plurality of
the hollow fiber membrane modules is removed one by one from the units, disassembly
and maintenance (washing, checking, or the like) are complicated.

15 (i) The structure of the units becomes complicated, in order to enhance sealing
performance or durability against vibration, stress or the like at a connection between the
collection water header or the frame and the hollow fiber membrane modules, or to
suppress vibration of the hollow fiber membrane modules themselves.

[0005]

20 Particularly, in recent years, since the membrane modules and the unit thereof
are enlarged due to a further increase in the amount of raw water to be treated, it becomes
difficult to easily handle the membrane modules and the unit.  Additionally, with the
enlargement, in the frame or the membrane modules, dimensional errors are likely to be
caused, or distortion is likely to occur.  Therefore, it becomes difficult to reliably couple

25 and fix a plurality of the membrane modules.



3 CI TATI ON LI ST PATENT DOCUMENTS [ 0006] 5[ Patent Document 1] Japanese
Unexam ned Patent Application Publication No. 2007-296432 [ Patent Docunent
2] Japanese Unexam ned Patent Application Publication No. 2008-100137
[ Pat ent Docunent 3] 10PCT Japanese Tramsl ation Patent Publication No.
2007- 531624 DI SCLOSURE OF | NVENTI ON PROBLEMS TO BE SCOLVED BY THE | NVENTI ON
[ 0007] 15The invention provides a nenbrane nodule unit in which structure
is sinple, assenbly, disassenbly, and nmai ntenance can be easily perforned,
and a plurality of menbrane nodul €TAHONEISRI i ably coupl ed together, and
al so provide an assenbly nethod, disassenbly nethod, and mai nt enance net hod
for the sanme, aPlENTWERIGCUMIRNESTENt neans. 20 MEANS TO SOLVE THE PROBLEMS
[ 0008]

[0006]

5 [Patent Document 1]

Japanese Unexamined Patent Application Publication No. 2007-296432

[Patent Document 2]

Japanese Unexamined Patent Application Publication No. 2008-100137

[Patent Document 3]

10 PCT Japanese Translation Patent Publication No. 2007-531624

DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0007]

15 The invention provides a membrane module unit in which structure is simple,
assembly, disassembly, and maintenance can be easily performed, and a plurality of
metmbrane modules can be reliably coupled together, and also provide an assembly
method, disassembly method, and maintenance method for the same, and a water
freatment means.

20

MEANS TO SOLVE THE PROBLEMS

[0008]

A first aspect of the hollow fiber membrane module unit of the invention is a
membrane module unit in which a plurality of membrane modules is coupled together in

25  parallel by coupling means, the membrane module including a sheet-like filter membrane



A first aspect of the hollow fiber nmenbrane nodule unit of the invention is
a nenbrane nodule unit in which a plurality of nenbrane nodules is coupled
together in 25 parallel by coupling nmeans, the nmenbrane nodul e including a
sheet-like filter nenbrane 4 and hol didng frame nenbers that hold the
filter menb . at. two opposed sides of a peripheral edge of the filter
nenbr ane, %%Q&Pﬁ liefe 18 g‘?rﬁ ﬁ“&t E@gﬁ}%ﬂ' %Iteér%‘*énl?lﬁ%e HAPRICRPOTeH sifies ABfrber s at
the sane sides of the filter nenbranes together by two opposed cl anpi ng
nmenbers. BEirbew] adgeof thhBlierantmbmee, miwtie themohpldesmaarsivéanps thk boliidgt er
menbrane, holding frame nenbers that hold the filter nenbrane at two
opposed sira@e n@inberye thedaareatides df eheaflich eenitirhies ko FBEED Ha Mo o@;ﬂtﬁ%e& upporting
frame nenbers that couple the holding frane nenbers near both ends of the
hol di ng fﬁ@ﬂ?h@&ﬁgﬂ&§& wherein the coupling neans cl anps the hol ding frane
menbers at the same sides of the filter nenbranes or the 10supporting frane

b t th | di.ng. togeth t

opposed ol amp R & e bie BRI P TERET sy SRR Bt
dule unit of the | ' ther incl ud | f-standing frape,

wheroi - e PE et RATA PR G RSGIPr S 4 i SRBBSGEJES SpTAG WEhES 1 hat

clamp the holding frane nenbers, and the frame are conbi ned 15 together by
conbi ni ngofBafier membrane,mndseprestiyg frame membsst thaicdoapsithgholdingdrame hat i s
(are) conbined with the frane by the conbining neans is (are) fastened to

t he framembypbémsteriotgembaf shertedding ameendsbeat, vieeeis lianpupingeeher (S) .

Anot her aspect of the hollow fiber nenbrane nodule unit of the invention is

a 20 nmenbylangs e Adldngifithe himMakCh (@ Rbiersilds oy oRf iR FniRsmeIRdules 1S
coupl ed together in parallel by coupling neans, wherein the nenbrane nodul e

| ncl ugy ngsrtrlg]p&]ﬁﬁg%ahjelﬁer%érg Qtrtggg%}gé aNR:or Q! }ﬂjlﬁ‘igﬁfﬁra%\%gég%g 1{0%?%121@ I%X hol d the

filter nme ane at two oppose es of a peri pher | ter
merrbrane,t anod suaﬁpirti.ng frame nenbers that couple the holding frane
menber s near PBOYH CHHE S IMTHE ol di ng frame nembers, wherein the 25coupling

means cl anps the hol ding franme_menbers at the sanme sides of the filter
Preterably, the hollow fiber membrane module unit of the invention further

includes a self-standing frame, wherein at least one clamping member of two opposed
clamping members that clamp the holding frame members, and the frame are combined
15  together by combining means.

Preferably, one or both clamping members that is (are) combined with the frame
by the combining means is (are) fastened to the frame by fastening means near both ends
of the clamping member(s).

Another aspect of the hollow fiber membrane module unit of the invention is a

20 membrane module unit in which a plurality of membrane modules is coupled together in
parallel by coupling means, wherein the membrane module including a sheet-like filter
membrane, holding frame members that hold the filter membrane at two opposed sides of
a peripheral edge of the filter membrane, and supporting frame members that couple the
holding frame members near both ends of the holding frame members, wherein the

25 coupling means clamps the holding frame members at the same sides of the filter



5 nmenbranes and/or the supporting franme nenbers at the sanme ends of the

hol ding frame nenbers together by two opposed cl anpi ng nenbers. Preferably,
t he coupling nmeans clanps the holding frane nenbers at the sane si des
of either upper ends or |ower ends of the filter menbranes by two opposed 5

cl anpi ng ne ers.@#d(j)ootg% . Preferably, the clanping nmenbers are forned
with a pl TEROF4ngs g/ 96 SePor el 4iRe BIvmbeEs 3 dicdiamg crdnpihpbaldinestrane t he
supporting franme nmenbers fit. Preferably, the coupling neans
further hasmbassttegritley brdwnopporst choyphemetnberst wo 10 cl anpi ng menber s
together. Preferably, the dry mass of the nenbrane nodule is 25 kg or nore.
Preferably, thePrefeughly,nie corplisg eleanpdaihpethd dblliingfrhmaRmRML % alnet he sane
side of the filter nmenbrane, and/or the supporting frame nmenbers at the

same end Gficd drih dhpBfelds AR WERERGL St (AL FIRBmEAGraAks BObIb §0iSed her eof by
[ 0010] A manuf

two opposed cl anpi ng 15 nenbers. nuf act uri ng net hod of a
menbr ane it of the invention includes |ifting a plurality of
merrbrge %ﬁ{ngsﬂ%ﬁ%gr allel, and coupling the nmenbrane nodul es together by
t he coupling %@@9 20A di sassenbly net hod of a nenbrane nodul e unit of the
i nvention incl hifei ng the nenbrane nodule unit, and renoving the
coupling neans. A mai nt enance nmet hod of a nenbrane nodul e unit of
the invention ilyeferabds thy ¢lempige membirneederaadrwithe pkiralify phigroosesintne nodul e
unit. [0011]

which the holding frame members or the supporting frame members fit.
Preferably, the coupling means further has fastening means that couples the two
10 clamping members together.

Preferably, the dry mass of the membrane module is 25 kg or more.

Preferably, the coupling means clamps the holding frame members at the same
side of the filter membrane, and/or the supporting frame members at the same end of the
holding frame members at one end or both ends thereof by two opposed clamping

15 members.

[0010]

A manufacturing method of a membrane module unit of the invention includes
lifting a plurality of membrane modules in parallel, and coupling the membrane modules
together by the coupling means.

20 A disassembly method of a membrane module unit of the invention includes
lifting the membrane module unit, and removing the coupling means.

A maintenance method of a membrane module unit of the invention includes
lifting, washing and/or checking the membrane module unit.

[0011]

25 A water treatment apparatus of the invention includes a water tank; the



25A water treatnent apparatus of the invention includes a water tank; the

6 nmenbrane nodule unit of the invention arranged within the water tank; and
di ffuser means arranged bel ow t he nenbrane nodule unit. A coupling neans of
the invention is a coupling nmeans couplé ng a plurality of nmenbrane nodul es
together in parallel in which the nmenbrane nodule unit has a 5sheet-like
filter mefSFREES MUl Wt ehthevealigrersmgpdivithisl e tvater fanks and diflrane at two
opposed sides of a peripheral edge of the filter nenbrane, and supporting
frame menbeass artragedcoriph dse mbhmbriok dicdglefurétre menber s t oget her near both
ends thereof, wherein the holding frame nmenbers at the sane sides of the

filter menbranes coiplingensuppothciingniicane m@hﬁ%&e&ﬁs douplis@apleads opf the
hol di ng frane nenbers are clanped 10 together by two opposed cl anpi ng

nmenbers. h@m%%eﬁ‘%'lés@%ee@%?%garﬁﬂ&fiﬁ %I?U}Mh? ggﬁ?%%% %gﬂz{sea further

i ncl udes supporting fra me rs that coup rame nenbers

near th thereof ., and,t hol ding fra rs.,at _the sane, sides of
the fi te?h%%ﬁ i @geersm T hP@i“%ﬁ?&B%F&F%f qﬁ%‘%@@ﬁ@%mﬁfn‘%{%& 3%5‘2% ends
of the hol ding, fra menbers are ¢l anped 15 together by two oppose
cl anpi ng YA gdesﬁ;a@@qigh%&l eFilgE"%Fh\?EpﬂFFF Nt e R drePHEWE (R nodul e uni t
of the invention has si n‘E)lI e structure, can easily

members that couples the holding frame members together near both ends thereof,

wherein the holding frame members at the same sides of the filter membranes or the
supporting frame members at the same ends of the holding frame members are clamped
10 together by two opposed clamping members.

In the coupling means, preferably, the membrane module further includes
supporting frame members that couple the holding frame members near both ends thereof,
and the holding frame members at the same sides of the filter membranes and/or the
supporting frame members at the same ends of the holding frame members are clamped

15 together by two opposed clamping members,

EFFECTS OF THE INVENTION

[0012]

The membrane module unit of the invention has simple structure, can easily

20 perform assembly, disassembly, and maintenance and can reliably connect a plurality of

membrane modules,

According to the assembly method of a membrane module unit of the invention,
assembly of the membrane module unit can be easily performed.

According to the disassembly method of a membrane module unit of the

25  invention, disassembly of the membrane module unit can be easily performed.



20 perform assenbly, disassenbly, and mai ntenance and can reliably connect

a plurality of nenbrane nodul es. According to the assenbly nethod of
a nmenbrane nodul e unit of the invention, assenbly of the nmenbrane nodul e
unit can be easily perforned 7 According to the disassenbly

met hod of a menbhran Ie unit of the 25invention, disassenbly of the

nmenbr ane nodul e 6! m&éwwén?éa@nwemh% qfgignembrane moduleApdgidhg t o t he
mai nt enance net hod of a nmenbrane nodul e unit of the invention, maintenance
of the nehbyERlE, reduenonpf the arenewaasodyle peit tar bechsily performelihe wat er
treatment apparatus of the invention can easily performattachnent,

renmoval , and malhd en@ngeatobnt dpparestur drcini@tioheat! Bisily pefoaRhlhdhehdn@ t he
coupling neans of the invention, the structure of the menbrane nodul e unit

becones  sidival, aﬁé%ﬂﬁéﬁémé’bﬁﬁé rine 1‘36%1 hipt enance of the menbrane
nodul e unit can be easily perfor , urality of the menbr ane

dul b ad. [0RRIEF DESOR! PT GS [ 0013
FlG A e a per gl i B8 B gl 5@%9&%}8 O RS ARG BBRE uni

of the i nvention G 1B is a perspective view show ng anot her
exanpl e ofOFHE WRitbEromes Si’@?r]ﬁd%ﬁs j fisgpernbly, andyasiptepgce of the membpigpe | C i s a
perspective view showi ng still| another exanple of the menbrane nodule unit
of the i neAviesnit cp bs easlyipsrfarmiodo and § phwalish ofithegnembrexamptidentanderenbr ane
nmodul e.

reliably coupled.

10 BRIEF DESCRIPTION OF THE DRAWINGS
[0013]
FIG. 1A is a perspective view showing an example of a membrane module unit
of the invention.
FIG. 1B is a perspective view showing another example of the membrane
15 module unit of the invention.
F1G. 1C is a perspective view showing still another example of the membrane
module unit of the invention.
FIG. 2A is a front view showing an example of a membrane module.
FIG. 2B is a front view showing another example of the membrane module,
20 FIG. 3A is a partially enlarged view of an example of a membrane module unit
showing that a plurality of holding frame members is clamped by coupling means.
FIG. 3B 1s a partially enlarged view of another example of the membrane
module unit showing that a plurality of holding frame members is clamped by the
coupling means.

25 F1G. 3C is a partially enlarged view of still another example of the membrane



FIG2B is a front view show ng anot her exanple of the nenbrane nodul e.

20FIG 3A is a partially enlarged view of an exanple of a nenbrane nodul e

unit showing that a plurality of holding frane nenbers is clanped by

coupl i ng neans. FIG 3B is a parkially enlarged view of another

exanpl e of thia nﬁr ane nodul e unit _show ng that a plurali t){) of hol di ng
sy le upitey A

frame me avedh#e Rinslivfdioldieg fismasents ischbaned by tharti al |y

enl arged view of still another exanple of the menbrane 8 nodule unit

show ng t heuplimgptaanal ity of hol ding frane nenbers is cl anped by the

coupl i ng neans. FIG 4 is a partially enlarged view of an exanpl e of

t he menbrane noHIld ¢ ivdpartioheenlbtged view 6f SEKAMPIOIN thBreh®gie tnbkcHulednit
direction of the coupling neans. 5FIG 5 is a perspective view show ng one

pr ocess | gAFRSSQTRleh 1 ARAoRLinAILPURRIS Pind AEpRIRGARE modul e uni t of

t he i nventi on. a perspective V|e ng one process in
the as enbly e e.of .t he nmenbrane nodul e unit

i nventl on. FIG F‘]@?g gpers es“ “e[%'yle\‘fve}\? é% %‘Wd%ﬁ?%eés Hhaél aﬁ?%’&@g TL}F1°‘f‘3r’1f«émasserrbl y
met hod of the 10 e of the menbrane nodul e unit of the invention.

FIG 8 is*5iRlne Fl‘%?r’?/t?r%%@H%@FH@“QE*@)&W?&F‘@“M a water treatment system
provided with a water treatnent apparatus of the invention. EVBODI MENTS FOR

CARRY! NG OUT THEG WTWC!EB% @@}yﬁls]howmg one process in the assembly method of the

example of the membrane module unit of the invention.
FIG. 7 1s a perspective view showing one process in the assembly method of the
10 example of the membrane module unit of the invention.
FIG. 8 is a schematic view showing an example of a water treatment system

provided with a water treatment apparatus of the invention.

EMBODIMENTS FOR CARRYING OUT THE INVENTION
15 [0014]
<Membrane module unit>
FIG. 1A is a perspective view showing an example of a membrane module unit
of the invention.
A hollow fiber membrane module unit 10 is a substantially rectangular
20  parallelepiped unit that has a plurality of hollow fiber membrane modules 20, and
coupling means 30 that couples the modules together in parallel.
FIG. 1B is a perspective view showing an example of the membrane module unit
of the invention. A hollow fiber membrane module unit 101 is a substantially
rectangular paralielepiped unit that has a plurality of hollow fiber membrane modules

25 201, coupling means 30 that couples the modules together in parallel, and a substantially



<Menbr ane nodul e unit> FIGIA is a perspective view show ng an
exanpl e of a nmenbrane nodul e unit of the invention. A hol | ow

fi ber nmenbrane nodule unit 10 is a substantially rectangular 20
paral |l el epi ped unit that has a pluralit% of hollow fiber nenbrane nodul es
20, and coupling neaps 30 that couples the nodul es together in parallel.
FIG 1B | §e°§aﬂ§é%%§ B@éﬁ?%m SN -grslinhians 24Q anprecoypling Beppsdft andeherodul e
unit of the invention. A hollow fiber menbrane nodule unit 101 is a

subst ant i &lamg 248 arafagiaherd topether yefasipiipe dhaans 350 eatr bbthsnds pf aisupipbttingof

hol | ow fi ber menbrane nodul es 25201, coupling neans 30 that couples the

nodul es t pgeiohSH that cRenad latrallyardpectivblpsiraitias al-Yhap3d bECIsARG ar
paral | el epi ped sel f-standing frame 240. The coupling neans 30 and the frane

240 are f@ﬁ)%@@&@oh,%%ﬁxeénd%f{h@%ﬁﬁlix%?réf%@:?g ik %@glta dﬂgcftfyem%ﬂé}éofof The

supporting portion 34 that extends res (Y and has a

U- shapged . ss-section,. at bath ends .of .the caoupljng neans 30
int he§l eg&{gsEchlngiqﬁ%glgi3§£rjl‘%fehg)rree(}f?mpf%h]%ﬁggfaggtné% nésréﬁwg h@?@%@!lo‘g&‘e exanpl e,
bolts and_.nuts. As for the hgles that allow the fastening neans, such as
the bol t sPSEREE BERRS] 1eh ﬁ%t@g’ﬁgﬁrﬂr?ﬁae‘g@r@? HPPPBINgOEIAmEM8thr ough, t he
shape of openings of the holes may be an ellipse or may be a true circle.
For the pthcpdiyeugh thashane abenenafzs of thevimlasinea beposillipseror ofaytve wougtdag
means, at |east one of the opening shapes is preferably an ellipse.

Addi t i onaFbiythe pogposacf aljustthentfodisheevtirig! pBsin@andSthe thgpldgudanRGit R&NHe30 and
the frame may be conbi ned together by conbini ng neans including welding or

the like. offihe op&HTRE SHapSs ﬂ%@éﬁraﬁﬂ%ﬁ@%&se&hﬁdﬁﬁ%_ﬁl@, NehtdXB Y he aﬁeﬁiﬂg?)hg:c | ow

fi ber nmenbrane nodul e unit 101 of FI B, holding franme nenbers

d, | : ' I 201 15cl d
oy i ol ng NP ag IR OB M At s LA MRS vt 7S T

f ast ened . . . . " .
means including welding or the like. The combining means includes the fastening

means.
In the hollow fiber membrane module unit 101 of FIG. 1B, holding frame
members 23 of upper and lower ends of the hollow fiber membrane modules 201 are
15 clamped by the coupling means 30, respectively, and each coupling means 30 is fastened
to the frame 240 near both ends thereof,
FIG. 1C is a perspective view showing an example of a membrane module unit
of the invention.
A hollow fiber membrane module unit 102 is a substantially rectangular
20 parallelepiped unit that has a plurality of hollow fiber membrane modules 20, a coupling
means 30 that couples the modules together in parallel, and a substantially rectangular
parallelepiped self-standing frame 240, The coupling means 30 and the frame 240 are
fastened together by fastening means 350 near both ends of a supporting portion 34 that
extends laterally, respectively, and has a U-shaped or L-shaped cross-section, at both

25 ends of the coupling means 30 in the length direction thereof. The fastening means 350



to the frane 240 near both ends thereof. FIG 1Cis a perspective

vi ew showi ng an exanple of a nenbrane nodule unit of the invention. A

hol | ow fi ber nenbrane nodule unit 102 is a substantially rectangul ar
20paral | el epi ped unit that has a plurallbty of hollow fiber menbrane nodul es
20, a coupling nmeans 30 that couples the nodul es together in parallel, and
a subst anfiCafQtpXpapleabr]isian nyr aisdrribe heles dut plley tiedpsiening meengsuch The
coupling nmeans 30 and the frame 240 are fastened together by fastening
means 350andabobstpoddersindhe suppupingmortie toquats thereBdodghatheaskbnds | ateral |y,
respectively, and has a U shaped or L-shaped cross-section, at both 25ends

of the coupdrimg ofeleisol&manbé Aecllipagiding begirionirdlber Rafthd hapbasireni ng
nmeans 350 10 are, for exanple, bolts and nuts. As for the holes that allow

the fastepiingm¥Res e %&fﬁlaa@%s&itaﬁ o?ﬁjetc%u?lﬁ{gggﬂﬁ%%ﬁ?ﬁg%g @geséfqnggy)g%ggii porti on

to pass therethrough, the shape of open el lipse
or mayz be i e For th Is e.of adj.ustment. of the vertical

posi t i on (S)}?ap %%feé%(r:%{ﬁ{)aﬂynagn erlrfé%sﬁ's, %gﬁHPE%@E’ H?)Sﬁ%ﬁgllf 'fhetfgse%lblg%frﬁans’%hes hapes is
preferably an ellips Additionally, instead of the fastening neans, the
coupl i ng ﬁwﬁggw%gﬂ ?ngg‘?f‘@ﬁ’é’ Y boerrelined 1eetheroljetameinisg 0eesABI ni ng neans
including welding or the Iike. The combining neans includes the fastening
nmeans.  includingiweldimgtostheolifet i Hde combirznmennsdotladasihe fapRRingfmdenG 1C, t he

hol di ng franme nenbers 23 of the upper ends of the hollow fiber menbrane

nmodul es 20 ar e Jultherpeltbvbfibdinéhbrage tplduRginiEENSHT 306, @ dhd hedigpURkhieng means
30 is fastened to the frame 240 near both ends thereof Additionally, a

pl ural i t ymefmbbReshglkl ﬁyg;ef ERTRIRMRA ARrHerbiiind &@@ﬁle?ﬁ@%&a%ar}%&g Hgg'nLOW

fiber nmenbrane nodules 20 is respectively carried in recesses o
00U Por k00 3 REA A S LI LA 2401 ASclliSg L B b Bl b1 com
For examp i St tmedtitanel e Aiel GG e EORBESoPa DR PE PO AbdedOatnl oss
steel, polycarbonate, polysulfone, polyolefin, nodified polyphenylene
et her, ABBds@§ rw,h@@wﬁh%mm&wmm@&les Ihisrrespeetiiedt trerigdiy reessias,ofan el astic
body (rubber), and the like. The conb tooth portion 241 may be produced
f r om r esi eonantbothagorhiaw 24 Bproeldad tai thelieahye st ed
As the materials of the comb tooth portion 241, arbitrary materials that have
15 durability under the conditions of use of the hollow fiber membrane module unit 102
may be used. For example, the materials of the tooth comb portion includes stainless
steel, polycarbonate, polysulfone, polyolefin, modified polyphenylene ether, ABS resin,
polyvinyl chloride, fiber strengthening resin, an elastic body (rubber), and the like. The
comb tooth portion 241 may be produced from resin and may have an elastic body pasted
20 onthe surface thereof. The elastic body includes, for example, NBR, EPDM,
fluorine-based rubber, silicone rubber, and the like.
In the example of the hollow fiber membrane module unit 102 of FIG. 1C, the
coupling means 30 is provided at upper parts of the hollow fiber membrane modules 20.

However, the coupling means 30 may be provided at lower parts of the hollow fiber

25  membrane modules 20, and may be provided at both the upper and lower parts.



20 on the surface thereof The el astic body includes, for exanple, NBR
EPDM fl uori ne-based rubber, silicone rubber, and the I|ike. In the
exanpl e of the hollow fiber nmenbrane nodule unit 102 of FIG 1C, the
coupling neans 30 is provided at upper iparts of the hollow fiber nmenbrane

nodul es 20. However, cou means 30 may be provided at | ower parts
of the hollow 1l Be?re%rqg ﬁreh?gjdwgémmen&w%%c}a@ I yihishiigearigredot h t he
upper and | ower parts. is preferable that the hol ding frane
menbers 2¥idg¢ Pfﬁaetfanvmmkﬁ?«ﬁ be elqmpppbm tha ¢oephbing nearst30anand theakeplRg theans| anped
by the coupling neans 30, and the coupling neans 30 and the frane be

fast ened BY ahdeheffamichy fagenminsthd FbteniOhbdnsBGblol | ow fi ber menbrane nodul e)
The hol | ow fi ber nenbrane nodul e 20 of FIG 2A has a sheet-1ike hollow fiber
nmenbrane bundl e[d25j n which a plurality of hollow fiber nmembranes is drawn
and aligned in one drrectron a total of two holding franme nmenbers 23 that

hol d the hol | O\I\@ﬁ#lﬁ%&%&% 81118) 22 at upper and |ower ends,

respectively, menbranes in the length direction

t hereof (that A osed srdes f per.l her e of the sheet-1ike
o1 1 ow 11 ber - et BlBo iR e e aguls 2068 SO0k A fingt @gﬁﬂ&ql}%@w e
menbers 24 that couples the holding frane rrenbers 23 together near both
ends t her Bsmbrangtbupdlgt’2ud avhichy eplatalyy of hallesy filedr neamnlirpirsrs dramdrande bundl e

22. [0016] 15A gap A between the supporting frame nenber 24 and the hol |l ow
fiber nenbligned idbomddiezclan, storal of erahdlying Grame membeas @3 sient hbkltithe hellepace for
causing a lifting tool that will be described belowto be put along one end

of the holigirigethbraf@biRdes atzu?ppﬁ%dtl%w%?%s edspeddedly] aTmEd hollovpiipge usel ess
space increases if the gap Ais too long, this gap is preferably 200 mm or

I ess. ;20The ] b%g% P’ylﬁﬁ%’]; g{wﬁr&ﬂgﬁﬂ%?eo? thh g’ng fogz!ggged% g%ggfﬁergl L qhhat

protrudes atera an the sup S pre erably

2l ong ¢ neoRRE BRIGE ol FBPargoRR SR E SO R E he P

Addi tionally, since useless space increases if the length Bis too |ong,
this | engtsmy Bgrs@ﬁéh@,cgbplys thediodingframe grgmbers 23 together near both ends thereof

that protrude laterally of the hollow fiber membrane bundle 22.
[0016]

15 A gap A between the supporting frame member 24 and the hollow fiber
membrane bundle 22 is preferably 30 mm or more so that the space for causing a lifting
tool that will be described below to be put along one end of the holding frame member 23
can be secured.  Additionally, since useless space increases if the gap A is too long, this
gap is preferably 200 mm or less.

20 The length B of the portion of the holding frame member 23 that protrudes
laterally more than the supporting frame member 24 is preferably 30 mm or more so that
the space for causing the coupling means 30 to be put along the one end of the holding
frame member 23 can be secured,  Additionally, since useless space increases if the
length B is too long, this length is preferably 200 mm or less.

25 The hollow fiber membrane module 201 of FIG. 2B has the structure in which



25The hol | ow fi ber menbrane nodule 201 of FIG 2B has the structure in
which 12 two supporting frame nenbers 24 are renoved fromthe holl ow fi ber
menbrane nodul e 20 of FIG 2A The length B of the portion of the
hol di ng frame nmenber 23 that protrudeslIBaterally nore than bot h side ends
of the hollow fiber nbr ane bundle 22 is preferably 30 nmor nore so
that the é‘ﬁ%é‘é’pr)mngcfne 558G HgORES @ﬁﬁrmeﬁ@ézﬁsths(blOH@Wtf@ebwmézr@ﬁgnqdw&e one
end of the holding frame nenber 23 can be secured. Additionally, since

usel ess spBeérln@reases if the length Bis too long, this length is
preferably 200 mm or |less. [0017] (Hollow fiber menbrane bundle) 10The

hol I ow fi ber mefhe RagthtRindlie: R&2tis@yf the haldsigBibe hyeer Sheat ;faro&nabsrray be a

mul ti-layer sheet. The singl e-1ayer sheet i ncI udes, for exanple, a
sheet in whirgly dol BERbbhsidf f F i gned
sinmply in orfelp%ll roectl on; §lc§ egg%’bf%\é’hf)%lc ﬁb@P u ty o?lg 29‘%%‘%1%%? l@%

menbr anes | ned in. one._di ectlon and e 15 tive

hol | 0\?\)5] f| b?hrﬁl n%ﬁ 5eﬁ§e2)gth§trdé‘9 8F0rcf aBSln% "P%W%m r??qi’l}?ﬁlpfl nt yarn,

spun yarn, f chal n stltch a sheet ssel | stltch sheet) in
whi ch’r esaa%@qe{/%%uhﬁ%ﬁg T R RET 28 bgsecured- de&‘%ﬁ@kﬁ liyntigreaiselseset
multiple tinmes in Z|g % and t he fol ded-back portions are bundl ed by
const r ai ntPagaeEcases ic e pnggh Bt istoo long, this lengtifrepraferatily P@Ymm ghlest i ncl udes,
for exanple, a sheet in which a single-layer sheet 20is folded back into a
U shape once or[0§d7e; and a sheet in which a plurality of single-Ilayer
sheets is overl apped with each other. [0018] The materials of the hollow
fiber menbrane {lowdgber hmB¥R M) POl yol efin,
10 The hollow fiber membrane bundle 22 may be a single-layer sheet, and may be a
multi-layer sheet.
The single-layer sheet includes, for example, a sheet in which a plurality of
hollow fiber membranes is drawn and aligned simply in one direction; a sheet in which a
plurality of hollow fiber membranes is drawn and aligned in one direction, and the
15 respective hollow fiber membranes are bundled by constraint yarns (multifilament yarn,
spun yarn, or the like) of chain stitch; a sheet (Russell stitch sheet) in which respective
hollow fiber membranes are folded back into a sheet multiple times in zigzags, and the
folded-back portions are bundled by constraint yarns of chain stitch.
The multi-layer sheet includes, for example, a sheet in which a single-layer sheet
20 is folded back into a U-shape once or more; and a sheet in which a plurality of
single-layer sheets is overlapped with each other.
[0018]
The materials of the hollow fiber membrane include, for example, polyolefin,

cellulose, polyvinyl alcohol, polysulfone, polymethylmethacrylate, polyvinylidene

25 {luoride, and polyethylene fluoride, polyacrylonitrile, ceramics, and compounds thereof.



cel l ul ose, polyvinyl alcohol, polysulfone, polynethylnethacrylate,

pol yvi nyl i dene 25fl uori de, and pol yethyl ene fluoride, polyacrylonitrile,
ceram cs, and conpounds thereof 13 The hol | ow fi ber nenbrane can be
used as the filter nenbrane, and hol e dBaneter, porosity, nenbrane

t hi ckness, exte EaL iaﬁgter, and the |like are not particularly limted.
[0019] 5(Hol di n[gr? %l?@” Fijagpbrane can berpsed g thei (Higr meambsanse Asbhol93 i s a | ong
prismatic or angular tubul ar nenber, and a water collection passage 25 for
col | ect i ngianiaéent pfosian membidne shigkindss, emicriked dizawtwpirglths lideawfnoa hol | ow fi ber
menbrane toward the perneated water side thereof is forned inside at |east
one hol di particnlarie limdtder 23. 100ne end of the hollow fiber nenbrane bundl e
22 is fixed to the holding frame nmenber 23 by a potting portion (not shown)
after the insidﬁxﬁgp wat er coll ection passage of the hollow fiber menbrane

communi cate wth each other. At | east one end of the upper hol ding
frame nber 234k S 4f r%ﬂ Lt di scharge port 26 coupled to a water
col | ec%niaon headge}l}(ﬁihrll1 tf S olémchl}iger 5[ 0020] As the materials of the

hol di ng frane r..23,.arbitrary materials that have durability agai nst
raw wat er and giﬁé)gﬂﬁ%écra&%%%g%‘y@dﬁia P PIISRALC 0 apifanjBby| s empeyy
exanmple, the materials of the hol di n? frame nmenber include pol ycarbonate,
pol ysul f oAed a petey eplésctian prssage 268 pollgeting trphted evasst idtered ABS: tlesiaw, waterd

pol yvinyl chloride. 20 In order to inprove the handling performance of the
hol | ow fi biée ofiehbli@n &bemndetnbrad® taward O, perieatbdvdicn gidt Here Merheed 23 my
have a hook portion that hooks a hook or the like for lifting; a space for

wi ndi ng aindide@r Rast!dnk hbMndRMde fRintel §3.1 ng; and an anti-slip portion, such
as a grip. [0021] 25As the materials of the potting portion, arbitrary
materj@l s that §afeid & thD o€ fiber membrane bundle 22 is fixed to the holding frame

member 23 by a potting portion (not shown) after the inside and water collection passage

of the hollow fiber membrane communicate with each other.

At least one end of the upper holding frame member 23 is formed with a
discharge port 26 coupled to a water collection header (not shown).

15 [0020]

As the materials of the holding frame member 23, arbitrary materials that have
durability against raw water and can endure pressure during filtering may be used. For
example, the materials of the holding frame member include polycarbonate, polysulfone,
polyolefin, modified polyphenylene ether, ABS resin, and polyvinyl chloride.

20 In order to improve the handling performance of the hollow fiber membrane
module 20 or 201, the holding frame member 23 may have a hook portion that hooks a
hook or the like for lifting; a space for winding a wire or lifting band for lifting; and an
anti-slip portion, such as a grip.

[0021]

25 As the materials of the potting portion, arbitrary materials that can fix the one



14 end of the hollow fiber nmenbrane bundle 22 to the hol ding frane nenber
23, can partition the raw water side and the perneated water side
liquid-tightly, and have durability against raw water may be used. For
exanple, the materials of the potting gértion include a hardened materi al
of a thernn§e¥&%2% reﬁjn, a thernopl astic resin, and 5the |ike. The
t her moset £P%§ Hoyw Atermembrang buadis g te thediwldipg figme aagrpber 23, eanet hane
resin, an unsaturated polyester resin, a silicone resin, and the |ike.

[ 0022] Theagsison ithegraporateonidean the péroaated, witer sidexianpd-€ghthy ahdhegr at i ng t he
one end of 10 the holl ow fiber nmenbrane bundle 22 into a block in a state
where an dpmibilngagdiedt enlt wikdr Mg ratded. arkbricReheRf e mat@andbnde @Bfﬁn@i Xing the
bl ock- shaped object to an opening of the holding frame nenbers 237t hat

extends i poftig ih@R® 4 MAHARY ﬂmﬁﬁ t()!fghﬁlerﬁﬁ%gé?%né Q@i&?@ﬁﬁnﬂ'gﬂﬁ%’tic?e%iﬁ?anhhe

potting nmaterial, in a state ere the 1 nside and water co cti1’on passage

of a hell ;éber menbr ane communi cate with each other. 15[0023]
(Supporting trame nenber) The supporting frame nenber 24 is required
in order to naiﬁhain t he shape of the hollow fiber nenbrane nodule 20 and
the hol | ow fi be AFEINGHBUR &ncliies. fobexample. Gnpexy Esinan geflfang resini ng
performance and handl i ng perfornmance of the hollow 20 fiber nenbrane nodul e
20 and t han Hefafuwseicd pplyestpinbinanelippguten.anidttha Bke. The supporting
frame nenber 24 is a long prismatic or angul ar tubul ar nmenber, and may have
the structure tH@R2fkan support the hol ding frame nenber 23 and can exhi bit
durability under the condition of use of the hollow fiber nenbrane nodul e

unit 10. [0024] Tﬁélbctttih%&ﬁ%ﬁ%@taé ﬁ)rfn_@é,tfoﬁe%ﬂﬂ@,%glﬂaé&%‘ciﬁ?@ﬁ@ﬁﬂe@ggﬁ with

the water collection passage 25 inside the h ane e 23 be

f i i i : 4. T t ted ter that i
1 Torbd Fon P Ra LR bR BT BbEh o g e B e ekt e
per neat ed_wat er d is, collected wat er collection

passage of'® %ﬂ?ﬁ%ﬂ ﬂ%g%%?ﬁ o B e Ogggwéggewpﬂ€€@é@Pﬁﬁngﬁﬁ wat er
the holding frame members 23 that extends in the longitudinal direction, using the same
material as the potting material, in a state where the inside and water collection passage
of a hollow fiber membrane communicate with each other.
15 [0023]

(Supporting frame member)

The supporting frame member 24 is required in order to maintain the shape of
the hollow fiber membrane module 20 and the hollow fiber membrane module unit 10
and to secure the self-standing performance and handling performance of the hollow

20 fiber membrane module 20 and the hollow fiber membrane module unit 10.

The supporting frame member 24 is a long prismatic or angular tubular member,
and may have the structure that can support the holding frame member 23 and can exhibit
durability under the condition of use of the hollow fiber membrane module unit 10.

[0024]

25 [t is preferable that a channel that communicates with the water collection



5 col l ection passage 25 of the upper holding frame nmenber 23 through the
channel of the supporting franme nenber 24, and can be di scharged fromthe
di scharge port. Since the supporting franme nenber 24 and the holding frane
menber 23 can be used as the channels, 13t is unnecessary to add an extra
structure or f%PQtL%S‘f r water collection to the hollow fiber nenbrane
modul e unPdSsags 2> 1p§idpdisholding framagieper 43 pe Faraied tesida the supepsa frame f r ame
menber 24, arbitrary materials that have sufficient strength and durability
may be usedmbeods. e eatedtvhpderribatés filidred Gont the rew ppor side@f Ahattewfieber

i ncl ude stainless steel, polycarbonate, polysulfone, polyolefin, nodified
pol yphenyiembragt fevard ABSer@sitad war ¥ide fydredtiahe i diectbll DetheStdi@ngt heni ng
resin, 15and the like. In order to inprove the handling performnce of the

hol | ow f i QftfectiRiis@ipe oFBRUb &S @cﬁdin?ﬁ%nﬁ%&ﬁ?ériﬂ% 'b%@li%ﬁ&h@&ra@y have a

hook portion that hooks a hook or l'ike tor liTting; an anti-slip

porti an, - as r.ihR.. ¢(:Fr ane he foane 240 i equired.in grder to
it CHEATEEF B o MLt e BT B e R oA e

hol | ow fi ber nmenhrane nmodule unjt 101 . or 102 that have the structure in
whi ch t he’"BRPHEE LRy RBRE ﬁeﬁ%wjz"& discharged Spraslendisgpmes Borkectipe: the

sel f-standi ng performance and handli ng performance of the hollow fiber
menbr ane fWoBQIte: Spmeandnbd 4o tendldibe dramerheraber 23odnbe used 4s the1 or 102,
Additionally, in a case where the structure in which the supporting frame
menber 24chasngds, éisie nhndcssspryoteiade dn e264 kieudivra e fumeyloh orpraaanticciidhan tigi t her
t he upper or | ower holding frame nenbers of 16 the hollow fiber nenbrane

nodul es 2QRkEABPmeitiadode Llie 16oupl i ng nmeans, it is preferable that the
hol | ow fi ber menbrane nodule unit have a franme, and the holding frane

menbgps t hat ar§0¥ﬁt coupl ed by the coupling neans are respectively carried
in the recesses[ of “'the conb tooth portion provided in the frame. 5The frane
stands alone in itself,.is rmed usi a lon i smatic or angul ar tubul ar
rerber and. oyt il Satr G e it SlbH S e R Tt ¢ he
hol I ow fi ber menbrane nodul es 201 that are cl anped by the coupling neans 30
and can e pilficignt drsnpihrapd duepbility meaydesrised o‘fpr@pcamé,ﬁremmriai@of w fiber
menbrane nodule unit 101 or 102. 10[ 0026]

supporting frame member include stainless steel, polycarbonate, polysulfone, polyolefin,

modified polyphenylene ether, ABS resin, polyvinyl chloride, fiber strengthening resin,
15 and the like. In order to improve the handling performance of the hollow fiber
membrane modules 20, the supporting frame member 24 may have a hook portion that
hooks a hook or the like for lifting; and an anti-slip portion, such as a grip.
(Frame)
The frame 240 is required in order to maintain the shape of the hollow fiber
20 membrane module 201 and the hollow fiber membrane module unit 101 or 102 that have
the structure in which the supporting frame member 24 is not present and to secure the
self-standing performance and handling performance of the hollow fiber membrane
module 201 and the hollow fiber membrane module unit 101 or 102.  Additionally, in a
case where the structure in which the supporting frame member 24 is present is provided,

25  the frame may be present. When either the upper or lower holding frame members of



It is preferable that the frame 240 be provided with a channel that

comuni cates with the water collection passage 25 inside the holding frane
menber 23. The treated water that is filtered fromthe raw water side of a
hol | ow fi ber nenbrane toward the pernedted water side thereof and is
collected in }he water collectjon passage of the |ower 15hol ding frane
menber 23thedRlipw fibsT mewbegeimpdults 2Rarerotcsrpled by die souslingmess, §fis t he upper
hol di ng frane nmenber 23 through the channels, and can be discharged from

t he di schptetsalpothat the GORFY fiker mmbraieenddal surof haviee ffanagyen@ 4@, hokdibg t r ar y
materials that have sufficient 20strength and durability nmay be used. For
exanpl e, frivae iRbdictsahst 08 nétheupleaty tlild’kﬁ‘dupﬁﬁ}% fleahsHre s psdteely, caRdaigadonat e,
pol ysul f one, polyolefin, nodified pol yphenyl ene ether, ABS resin, polyvinyl

chl 0”de1reEés@@ioﬁBé@d?ﬂﬁﬂ)%’t?ﬂ%i&?ﬁ}ed%ﬁdoelﬁgﬁltﬁewé.ke- [0028] (Coupling means)

25The coupling nmeans 30 cl anps t Ing frame nmenbers 23 at the sane

ends A7 (that 448,..1he sa si des, af .t he ri.pheral edges. of the holl ow
fiber 5marrbrane hl?nﬁéfné%St Satl)cfnetlﬁétsﬁgllT %‘W‘E&B@Bgﬁ\%\?ﬂﬁgﬁ%a@ﬁﬁ&%?ﬁz t oget her
by two cl appin nbers 31 that are opposed to each other at one end of
each hol dti“EEla’f ’%ﬁg’ge ’él?yﬂ‘ﬁ‘éettkﬁls%qiﬂl@égatlcélﬁ sypporha plredtyt ofdhe BoHaw si de ends
of the supporting franme nenbers 24 or the hollow fiber 5Snenbrane bundle 22,
t her eby C&Pﬁﬁ armingneampiwesl( 1t thaihre champhdby dw doubbing meatsr Wrandred ekleibit20 or
201 in parallel. The coupling nmeans 30 can clanp a plurality of the
hol di ng fawateliryamder the 23ndingedhes odtheshdlloiafibed indnthtind me&ile ang 1006t udi ng
both ends of the holding frane nenber 23 at the upper end of the hollow

fi ber nmentgpane bundl e 22, and both ends of the hol ding

10 [0026]

It is preferable that the frame 240 be provided with a channel that communicates
with the water collection passage 25 inside the holding frame member 23.  The treated
water that is filtered from the raw water side of a hollow fiber membrane toward the
permeated water side thereof and is collected in the water collection passage of the lower

15 holding frame member 23 can be collected in the water collection passage 25 of the
upper holding frame member 23 through the channels, and can be discharged from the
discharge port.

[0027]

As the materials of the frame 240, arbitrary materials that have sufficient

20 strength and durability may be used. For example, the materials of the frame include
stainless steel, polycarbonate, polysulfone, polyolefin, modified polyphenylene ether,
ABS resin, polyvinyl chloride, fiber strengthening resin, and the like.
[0028]
{Coupling means)

25 The coupling means 30 clamps the holding frame members 23 at the same ends



10 frame nenber 23 at the |ower end of the hollow fiber nenbrane bundle 22.
[ 0029] In the clanping nenbers 31, as shown in FIGS. 3A to 3C and 4,
it is preferable that at |east any one of opposed cl anpi ng nenbers 31 have
a conb tooth portion 33 forned with a pfurality of grooves 32 into which

t he holding frame menhers 23 fit, and 15the supporting portion 34 having a
U-shaped 6hatiis. dhessmte sides o€ theereripheral eriges ebih bebew Mbgomembrang Jundles 2he
supporting portion 34 may be integrated or nay be splittable. When
t he hol | oof the belownivbr mpebrand binede2ZP togethagbyt tve dapping tiangpels Ahthatmeaber s
are clanmped, a plurality of grooves 32 fitted to the holding frame nenbers

23 or suppgostdig datlpomengirdderad af eacholisl fid@omeaiieWhat probl@S 1aB@RIRNd 3C,
in the clanping nenbers 31, the | ower supporting portion 34 nay extend

| at er al | yrapdni@yotl&ideasnt eoeHe Eﬁb&)tggﬁ}g; friﬁﬂ@m%ﬂ’%egbité}?hé ASifning means 350.

The shape of through holes provi e supporting portion 34 in order

mmy b 5 CPnerEE AR SO S B E SR BERR RS R e P

position of the supporting 25portion 34, at |east one of the hole shapes is
preferablVOQH6%¥$P£§EJﬂI@§ﬂ$bOSO] As the materials of the comb tooth
portion 33, arbitrary materials that have durability under the conditions
of use of the hbidweuplinbaeanseidnanstnbe plugaliinpf tht Golding fieme sehbeEn3
exanple, the materials of the tooth conb portion includes stainless steel,
5pol ycar biopether, at pabtybef fhenecathmk yallefihgbothedild ofatle poldiHpemyd eembet Trer, ABS
resin, polyvinyl chloride, fiber strengthening resin, an elastic body

(rubber), ataRchggeeedd K8he hollow fibbmBmbARE bIMAE 82 I8 HOUPARE OF BE RGdiLE On 34
has sufficiengﬁgt?engthea%dngﬁe conb tooth portion 33 hag resﬂgggﬁ%e t hat

fulfidds h QN i i ref erahble a terial of the
conb 1tdoot1ﬁar%%ﬁ%l}r{g§p%%gﬂ{}\ﬁaoﬁ§ea e%il §$%%i}ﬁ0§°%ffﬁieﬁ@eﬁlgﬁ g%uilﬁtﬁ%é’zr "menbr ane
10nodul es 20 or 6.2% is arranged, the conb tooth portion 33 that is an

el asti c body fdf r

In the clamping members 31, as shown in FIGS. 3A to 3C and 4, it is preferable
that at least any one of opposed clamping members 31 have a comb tooth portion 33
formed with a plurality of grooves 32 into which the holding frame members 23 fit, and

15 the supporting portion 34 having a U-shaped or I-shaped cross-section. The comb
tooth portion 33 and the supporting portion 34 may be integrated or may be splittable.

When the hollow fiber membrane modules 20 having the supporting frame
members are clamped, a plurality of grooves 32 fitted to the holding frame members 23
or supporting frame members are formed.

20 As shown in FIGS. 3B and 3C, in the clamping members 31, the lower
supporting portion 34 may extend laterally and may be fastened to the frame 240 by the
fastening means 350. The shape of through holes provided in the supporting portion 34
in order to allow the fastening means 350 to pass therethrough may be an ellipse or may
be a true circle.  For the purpose of adjustment of the vertical position of the supporting

25  portion 34, at least one of the hole shapes is preferably an ellipse.



i ncreases the mai ntenance stability of the hollow fiber nmenbrane nodul es 20
or 201 in a case where a gap is forned between the coupling neans 30 and

t he holl ow fi ber nenbrane nodul es 20 or 201 due to the di nensional

di fference of the respective hollow fib&r nmenbrane nodul es 20 or 201.
Additionally, the conb tooth portion 33 may be 15produced fromresin and
may have an eIa@W?@fbody pasted on the surface thereof The el astic body

i ncl udes, for exanple, NBR, EPDM fl uorine-based rubber, silicone rubber,
and the Iike. [ 898&]materials of the cFinb toth eoit@hS3pfirbitheey saprpiatstthatdiaper t i on 34

i nclude, for exanple, stainless steel, 20polycarbonate, polysulfone,

pol yol ef i durabitigi dridedltheeb@ifienybane oftHRRIlloABD ek BfshTbrarRQhyatlONhit @dﬂhﬁ&' de,

fi ber strengthening re5|n and the liKke. In a case where t
strength Eé‘@stedsuP&oéxta% %‘eﬁﬁg Eﬁllel 190 b8 oﬁﬁfﬁqha @es ﬂﬁ'll %Sst
required, stainless st esira ecause strengt dndllng

per f orgrang abi . standard
"tems of DUL aal.’on“seolgf‘g}éqm iR dEb e By lchs oy e&é\ﬁﬁ) “rm x 30 mm
isS nore pr ferable because 19 the steel has |large variation in thickness
and is suP Zlqhgor b Fgaetheng BRI al Fiasis badyiprbhad. anddhe Ekainit. [ 0032]
The coupllng nmeans 30 has further a plurality of fastening neans 35 that
5connects two dpposedwbérariind ngpomingeesid34 ey euffmsne strangthnaeetbe 8ambre bol ts
and nuts. Instead of bolts and nuts, band clanps or the |i ke may be used.

The coupl fonth predms3 Bﬂasmaslsthﬁoeahﬂd’ﬁlfﬂl@hi fogctiaaselbalc Wdpiegkefaihl@ay@ter
material of the comb tooth portion 33.  When a plurality of the hollow fiber membrane
10 modules 20 or 201 is arranged, the comb tooth portion 33 that is an elastic body further
increases the maintenance stability of the hollow fiber membrane modules 20 or 201 in a
case where a gap is formed between the coupling means 30 and the hollow fiber
membrane modules 20 or 201 due to the dimensional difference of the respective hollow
fiber membrane modules 20 or 201.  Additionally, the comb tooth portion 33 may be
15 produced from resin and may have an elastic body pasted on the surface thereof. The
elastic body includes, for example, NBR, EPDM, fluorine-based rubber, silicone rubber,
and the like.
[0031]
The materials of the supporting portion 34 include, for example, stainless steel,
20 polycarbonate, polysulfone, polyolefin, modified polyphenylene ether, ABS resin,
polyvinyl chloride, fiber strengthening resin, and the like.
In a case where the strength that supports large-sized hollow fiber membrane
modules 20 is required, stainless steel is desirable because strength is high, handling
performance or durability is excellent, and cost is low. Among standard items of

25  stainless steel, stainless L steel with a size of 30 mm x 30 mm is more preferable because



col l ection header to an upper part of the hollow fiber nmenbrane nodul e unit
10; connecting neans for connecting diffuser neans to a | ower part of the
hol | ow fi ber 10nmenbrane nodule unit 10; a hook portion that hooks a hook or
the like for lifting the hollow fiber i®nbrane nodule unit 10; or a space
for wwinding a wwre or lifting band for |ifting [ 0033] (Assenbly nethod)
151 n r eceHE sigshhas large yamaon 18 lplﬁwg%arsilﬁéwtab&ﬂ fodw wedes therkptewfidenodul es 20

or 201 are used due to an increase in the anount of raw water to be

treat ed, membwingmadulesynit he mass of the holl ow fi ber nmenbrane nodul es 20 or
201 and the hollow fi ber menbrane nodule unit 10, 101, or 102 is al so

i ncreased. Ther@h®rle, there is a limt to handling these with human power.
Hence, when the hollow fiber nenbrane nodul e 20unit 10, 101, or 102 is

assenbl ed, it i ?heﬁ%%&ﬁé?ﬂe B ﬂésffﬁrrgflgé? 4 #@Qﬂﬂaﬁftfgg?em 1'{18%’15?8?[?& menbr ane

nodul es. |ber e unit or 102 can

chown 3 n e S0 SRed Pt g emBe 8P, TR RREPRranBran St et 20 | s 20

arranged such that the hol ding frane nenbers 23 and the supporting frane
menber 24%U-e 8ptEathefdeplisand ants) band clanapsradhg Vg pay baeseduch t hat t he

| ongi tudinal direction of the holding frame nenbers 23 becones the
hori zont al di r ebhe wnplizgweaised O roaghavedionadetid g neans fm cofinectieg swppor t i ng
frame nenbers 24 becones substantially the vertical 5direction.
collection header to an upper part of the hollow fiber membrane module unit 10;
connecting means for connecting diffuser means to a lower part of the hollow fiber
10 membrane module unit 10; a hook portion that hooks a hook or the like for lifting the
hollow fiber membrane module unit 10; or a space for winding a wire or lifting band for
lifting..
[0033]
(Assembly method)
15 In recent years, a number of large-sized hollow fiber membrane modules 20 or
201 are used due to an increase in the amount of raw water to be treated, and with this,
the mass of the hollow fiber membrane modules 20 or 201 and the hollow fiber
membrane module unit 10, 101, or 102 is also increased. Therefore, there is a limit to
handling these with human power. Hence, when the hollow fiber membrane module
20 unit 10, 101, or 102 is assembled, it is preferable to lift and handle the hollow fiber
membrane modules.
The hollow fiber membrane module unit 10, 101, or 102 can be assembled
according to the following procedure, for example.

[0034]

25 As shown in FIG. 5, a plurality of the hollow fiber membrane modules 20 is



[ 0035] As shown in FIG 6, a rod-shaped lifting tool 40 is inserted
t hrough all the gaps between the hollow fiber nmenbrane bundl es 22 and the
supporting frane nmenbers 24 at the sanme side portions of the hollow fiber
menbr ane bundl es 22, and the lifting tael 40 is 10 nade to be put al ong

| ower sides of both ends of the holding frame nmenbers 23 at the upper ends
of the hoPyr#we spaythaehe haldinadiane mempors 28 apd depinpprying drapierreembert2at
extends fromlifting neans (a crane, a pulley, or the like (not shown)) is
connect edatcariogdl iopdsllof, respectivielyt kmbsuch dhat 4, loagithdinap Hireiontof tlaf  t he

hol | ow fi ber menbrane nodules 20 is lifted in parallel by the lifting nmeans

toget her woltimelfnembinbérs 9 be@sthestBe hbP£b31 direction, afiBthé MéulimaFl G 7, a
plurality of the hollow fiber nmenbrane nodul es 20 is coupled together by

al i gni ng aj.pk: [ he s IH#M# ' : certain
intervalsa?ﬁigh?FP%§ﬁ9%¥g?§?Qgﬁ c %%%?igagqgﬁuraugggﬂ%ﬂéﬁﬁgK%%Iding franme
menber 28%30& aget her by the coupling neans 30 at a total of four |ocations
i ncl udi ng PotRends of the hol di ng frame nenber 23 at the upper end of the
hol | ow fi ber nengrﬁne bundl e 22, and both ends of the holding frame nmenber
23 at the | owerl%8#d of the holl ow fiber menbrane bundle 22. [0037] 25In
addition, an armshaped lifting tool may be used instead of the rod-shaped
21 lifting toolAsighowdidiitlGomal log-shapedilifingiool 46 {siingpried tidotthadl] tetgepds from
the lifting means may be inserted through gaps between the hollow fiber
menbr ane buwdbete 23llendibeh@cmbpRe buhdigs 27 anetheRiP®iename ilteiHerdsd 49 t he

lifting tool 40.
the same side portions of the hollow fiber membrane bundles 22, and the lifting tool 40 is
10 made to be put along lower sides of both ends of the holding frame members 23 at the
upper ends of the hollow fiber membrane bundles 22.

Subsequently, a wire 41 that extends from lifting means (a crane, a pulley, or the
like (not shown)) is connected to both ends of the lifting tool 40, and a plurality of the
hollow fiber membrane modules 20 is lifted in parallel by the lifting means together with

15 the lifting tool 40.

[0036]

As shown in FIG. 7, a plurality of the hollow fiber membrane modules 20 is
coupled together by aligning a plurality of the hollow fiber membrane modules 20 at
certain intervals in a lifted state, and clamping a plurality of the holding frame members

20 23 together by the coupling means 30 at a total of four locations including both ends of
the holding frame member 23 at the upper end of the hollow fiber membrane bundle 22,
and both ends of the holding frame member 23 at the lower end of the hollow fiber
membrane bundle 22,

[0037]

25 In addition, an arm-shaped lifting tool may be used instead of the rod-shaped



The hol |l ow fi ber nenbrane nodule unit 101 or 102 can be assenbl ed according
5 to the above assenbly nethod of the hollow fiber nenbrane nodule unit 10,
usi ng the holl ow fiber nenbrane nodul es 201, instead of the hollow fiber
menbr ane nodul es 20. That is, a plurality of the holding frame nenbers 23
of a pl urfll‘ity of the hollow fiber nmenbrane nodules 201 that is lifted

usi ng sui VEBIEEoRi40: | Rgldionaly. @aviss amélling baed thayextends dipa thelidling meansanped by
the coupling nmeans 30, a plurality of the hollow fiber nmenbrane 10 nodul es
20 i s couplagdetimgethtroughrgips hevweauiheibefowdtnes nBhbaand Huhdles P2ned 240 ar e
fastened together by fastening neans, or conbi ned together by other

conbi ni ngsupparityg FH0SBEmbEs 9dssemal isinetHaoding tool 40. The hol I ow fi ber
menbrane nodul e unit 10 can be di sassenbl ed according to 15the foll ow ng

procedure, for exanm Jﬁ‘ﬁm - P il t b Sl rted
t hrough all the gapsioge?%%e?%e oF’?%\?v%PﬁEg?"%%é%?%%’é %gérﬁndlﬁg%h%gmg%% t he
supporgin ne nenbens. 2 t th ne.side portions ,of t hol | ow fi ber
menbr asﬁle utiﬁé?%()sve S,engbr% qeﬁg’%l qfﬁkﬁe%oa%ﬁo%&rwrﬁ?%ﬁgglf% “B’éqgu‘fﬂ%ﬁ tglﬁg | ower
si des of h ds of the haolding frame nenbers 23 at the upper ends 20 of
the hol ogPOthbﬁ CITpsHBPraRe M9dRig %ghzlzstead of the hadjemelabsapprpirangmgiyles 24 at

extends fromlifting nmeans is connected to both ends of the lifting tool
40, and t Reathslalpbyyakitybd itheveeibing diameodembes 28 of g phirdlity of the hollewl filfer i ng means
together with the lifting tool 40. [0039] 25The coupling neans 30 that
clanp a phamatdnt ynafildst261 higdt di ied ushipesuireblb difisndcandda toget hgilldysoritheroved
inthe |ifted state froma total of four l|locations including both ends of

t he hol di pigs)fig @Igﬁpéfﬁﬁ}bﬁfe Saplatg hb&suPPE bluendy 8f tHe P8B! dRWnleldiedncmenbr ane
bundl e 22, and both ends of the hol ding frane nenber 23 at the |ower end of

t he hﬁj |18 oélggse%% g&%ggl%@?or%w&glaﬁd% (@?}%EE% gl%%%s%a%xidl%% f] %@56%(’1 rmodul e uni t

101 or sse ed accor e ove disasse y net hod of
t he holl ow fiber nmenhrape nodule unit 10, That is, after fastening or

conbi ni nggﬁtgf‘?ﬁi@ﬁe ! ycﬁﬁtﬁvmﬁ&l%m%g% (Qasther Py RDepaMPRINedPEREed, a
plurality of the hollow fiber nenbrane nodul es 201 cl anped by the coupling
means 30 are |ilPP3H using suitable lifting nmeans to renove the coupling

means
(Disassembly method)

The hollow fiber membrane module unit 10 can be disassembled according to
15 the following procedure, for example.

The rod-shaped lifting tool 40 is inserted through all the gaps between the
hollow fiber membrane bundles 22 and the supporting frame members 24 at the same
side portions of the hollow fiber membrane bundles 22, and the lifting tool 40 is made to
be put along lower sides of both ends of the holding frame members 23 at the upper ends

20 of the hollow fiber membrane bundles 22.

Subsequently, a wire that extends from lifting means is connected to both ends
of the lifting tool 40, and the hollow fiber membrane modules 10 is lifted by the lifting
means together with the lifting tool 40.

[0039]

25 The coupling means 30 that clamp a plurality of the holding frame members 23



1030 that clanps a plurality of the holding frame nmenbers 23 together.

[ 0040] (Maintenance net hod) The holl ow fi ber nenbrane nodule unit 10
can be washed or checked according to the follow ng procedure, for exanple.
15The rod-shaped lifting tool 40 is in8&rted through all the gaps between
the holl ow fi ber nmenbrane bundl es 22 and the supporting frane nenbers 24 at
the same Yegdepiremeyrs iprhe ked date &pnt ¢ gl oforsegsionuimalvdingbpth emlg of he
lifting tool 40 is made to be put along | ower sides of both ends of the

hol di ng f therheldiemfyems ngdatar 28 hethappper ced d$ thefhollber fitwk hwmtradednndierdd; ane
bundl es 22. 20Subsequently, a wire that extends fromlifting neans is

connect edatdbdibbhdseitdbe BéldinReradnid hbMBert 30kt t*OlowaPehd SehdBbllawiibeder
menbrane nodules 10 is lifted by the lifting nmeans together with the

lifting tQElhide 943D, In this state, the hollow fiber
menbrane nodule unit 10 may be washed or 25checked. In a case where the

coupl g moans. 5 TS ShRe AR BRAR T TP Bn o PR hember s 23
b vets hed 6P EHEOBR N (RESSTRTE TSTODGH g R ey REaR POMHg ibol 40,
[0042] 5(Effects) In the hollow fiber nenbrane nodule unit 10
descri bed!&bolk#t is; higerflasterong agcanbivimg detwesndhheédipiiog means 30 and the frame
240 is released, a plurality of the hollow fiber membrane modules 201 clamped by the
coupling means 30 are lifted using suitable lifting means to remove the coupling means
10 30 that clamps a plurality of the holding frame members 23 together.
[0040]
{Maintenance method)
The hollow fiber membrane module unit 10 can be washed or checked according
to the following procedure, for example.
15 The rod-shaped lifting tool 40 is inserted through all the gaps between the
hollow fiber membrane bundles 22 and the supporting frame members 24 at the same
side portions of the hollow fiber membrane bundles 22, and the lifting tool 40 is made to
be put along lower sides of both ends of the holding frame members 23 at the upper ends
of the hollow fiber membrane bundles 22.
20 Subsequently, a wire that extends from lifting means is connected to both ends
of the lifting tool 40, and the hollow fiber membrane modules 10 is lifted by the lifting
means together with the lifting tool 40.
[0041]

In this state, the hollow fiber membrane module unit 10 may be washed or

25  checked. In a case where the intervals of the hollow fiber membrane modules 20 is



(i) Since the hollow fiber nmenbrane nodule unit has the hol ding frane
menbers 23 that hold the hollow fiber nenbrane bundle 22 at both ends

t hereof, the 10supporting frame nenbers 24 that couple the holding frane
menbers 23 together at both ends theredB, and the coupling neans 30 that
clanps the holding frame nenbers 23 at the sane ends_of the hollow fiber
menbr ane BakeEe Sunligg sasat 3Gihapplampena piuselits of thethodding fama gnambere2irenber s
23, the supporting franme nenbers 24, and the coupling nmeans 30 repl aces the
subst ant i &dether mey dngerhavedpardithbm|cegh haltbw fiberencmisrane medullet20 rhdyebenol | ow
15fi ber menbrane nodul e unit 10 can be integrated and nmade to stand al one,

wi t hout pmavhedi crghédked i auBtaOss Begelitddtg, thelikigw dbbey, menbrane nodul es
provided in a conventional hollow fiber nenbrane nodule unit. As a result,

(i-1) the frane 0@321 n the related art becomes unnecessary, and the
structure of the hollow fiber menbrane nodule unit 10 becomes sinple.

Addi tignal ly, (&E' cti)t becones unnecessary to assenble the 20frane as in
the related art; ang assenbly of the hollow fiber nmenbrane nodule unit 10
can be easily perfo d. Additionally, (i-3) at the tinme of coupling or

i senbody of 1 hE HoPPOA FPEePCREIE aisulrsnil W drscrtedcopra e GIORIRE e
related aft that becones an obstacle at the tinme of disassenbly is

el i m nat edffecinae gskiblitd.y, di sassenbly, and mai ntenance of the holl ow fiber
menbrane nodul e unit 10 can be easily perfornmed. 25Additionally, (i-4) it
i s not necessar ) Siacptheotlewtfiter hfearbear@Indduld it kel ta¢ Beldptfrangnd the 24
mass of the hollow fiber nmenbrane nodule unit 10 can be nmade |ight. [0043]

(i) The gREBLiNG BAMOREMeRoRbH Al éndladchRnRIbowshinkeks %F%E,%ﬁ@_ modul es
20 can be perforned only by coupling nmeans 30 that clanps the holding frane

menbe 2 : t he ;hal 1.ow;.f | ber [ a undl es, ;2

t oget L(gr éipigﬁgltggﬁaﬁfﬁg?%&g%ﬁﬂaat ch}%iﬁIﬂ{C, ho\(i\élhing-g %%n}eﬁ%%rgg% gorgg%gf arttﬁéh hol | ow
fi ber menbrane nodule unit 10 becones, sipple. Additionally (ji-2) assenbly,
i SassenbRYE Gt e AR 2R a0 Rt R oo BRI NORRIF &5 any © 10
can be easily performed. Additionally, (ii-3) even if the hollow fiber

nenbr ane Wsdane sndapidhehadhivafijerdnembrane bandiesid toaethereat ooe end theief.dhe i on

holding frame members 23, the supporting frame members 24, and the coupling means
30 replaces the substantially rectangular parallelepiped frame. As a result, the hollow

15 fiber membrane module unit 10 can be integrated and made to stand alone, without
providing the frame for inserting hollow fiber membrane modules provided in a
conventional hollow fiber membrane module unit.  As a result, (i-1) the frame as in the
related art becomes unnecessary, and the structure of the hollow fiber membrane module
unit 10 becomes simple.  Additionally, (i-2) it becomes unnecessary to assemble the

20 frame as in the related art, and assembly of the hollow fiber membrane module unit 10
can be easily performed.  Additionally, (i-3) at the time of coupling or disembody of the
hollow fiber membrane module 20, the frame as in the related art that becomes an
obstacle at the time of disassembly is eliminated, and assembly, disassembly, and
maintenance of the hollow fiber membrane module unit 10 can be easily performed.

25  Additionally, (i-4) it is not necessary to provide the frame as in the related art, and the



10 becone |l arge, a dinensional error or distortion at one end of the

hol ding frame nenbers 23 do not becone so large, and a plurality of the

hol | ow fi ber nmenbrane nodul es 20 can be reliably coupled and fixed. [0044]
(iii) The coupling neans 30 is formed wWi#th a plurality of the grooves 32
into 15which the holding frame nmenbers 23 fit. As a result, (iii-1) lateral
devi at i on¥#s phige h@hlwﬁ%ﬂ Hembrsamayleomiy K satbeapadellighshi fted | ateral Iy,
seal ing performance or durability against vibration, stress or the |ike at
a connection w tM48he water collection header can be enhanced, or vibration
of the hollow fiber nmenbrane nodul es 20 thensel ves can be suppressed.

Addi tionally, ( '(ii)iﬂﬁ)coﬁlbln{geqe@@é’ét@(ﬁzlﬁﬂﬂi‘;}i &NBe Rl EBert HemBfAOWRAuRE 20! ays
20t he role of spacers, the intervals of the hollow fiber nmenbrane nodul es

20 is mai ghAbdeforined bl ubGuY SRl RO i BSfuilPaREag UAdhes 22

(iv) Since the coupling ans 3 s furt st eni ng means

remor ahe. oS8P 5B SRR Ry oo drufe: Hilhioch Brbetf Bt oSS hent i on

is effective in a .case where the hol|ow_ fiber menbrane nodules 25 20 with
| ar ge nmasés é‘rrﬁs%toGbl%a@‘eﬁEB@PW&f,‘healf*Rzllqv‘éﬁBedrm?f%@Pﬁ@ mgde paitlt\hsceipen

handl i ng the hol |l ow fiber nenbrane nodules with a dry mass of 25 kg or

nor e. simple. (Aqditiersdledd-20 saguibiig dishesemblyp end inaiptdnanereofitberbeliey fler i n t he
hol | ow fi ber menbrane nodule unit 101 using the frane 240, the sane effects
as (ii), fdeiibrgncanstuds wfii V) parber @siéx pedfirhrd. exddudinngy, (he) akavetrf fect (i).
[ 0045] (O her enbodi nents) In addition, one aspect of the nenbrane

nmodul e unh§iRf ibbeménM@nRt hdaulFRYo he: &Iﬂgéﬁ?%ﬁ@@ AR Btk dr dr iEHiGH 2
plurality of menbrane nodul es is coupled together in
10 become large, a dimensional error or distortion at one end of the holding frame members
23 do not become so large, and a plurality of the hollow fiber membrane modules 20 can
be reliably coupled and fixed.
[0044]
(iit) The coupling means 30 is formed with a plurality of the grooves 32 into
15 which the holding frame members 23 fit.  As a result, (iii-1) lateral deviation of the
hollow fiber modules 20 is not easily shifted laterally, sealing performance or durability
against vibration, stress or the like at a connection with the water collection header can
be enhanced, or vibration of the hollow fiber membrane modules 20 themselves can be
suppressed.  Additionally, (iii-2) since convex portions between the grooves 32 plays
20 the role of spacers, the intervals of the hollow fiber membrane modules 20 is maintained,
it is easy to wash the hollow fiber membrane bundles 22.
(iv) Since the coupling means 30 has further fastening means 35 that couples
two clamping members 31, and a plurality of the hollow fiber membrane modules 20 can

be more reliably coupled and fixed.

25 The invention is effective in a case where the hollow fiber membrane modules



10 parallel by coupling neans, the nenbrane nodul e including a sheet-1ike
filter menbrane, holding frame nenbers that hold the filter nenbrane at two
opposed sides of a peripheral edge of the filter nenbrane, and supporting
frame nmenbers that couple the holding £6ane nenbers together at both ends

t her eof ﬁhen i.n the coupling neans clanps the holding frane nenbers at the
sane si de€V gitligemass g coupisd mestchand heparietigborliqchye MharBaninadhes at t he
sanme ends of the holding frame nmenbers together at one end thereof by two
opposed cheipy figemmembrage nidelessvithraadry masdof 25 kgt mofe.t he i nvention is not
limted to the hollow fiber nenbrane nodule unit 10 of the illustrated

exanmpl e. [ 0046] (\3Misdadefasipp ehe dupporftinktfeimavaebane4d) s thokollowiib@d to the
hol | ow fi ber nenbrane bundle, and may be a flat nenbrane or the like. In

the case @endrddel h&dulIBAPIENGsiRS tfh? ffa}’rR‘eMtORgfre as%%@ eﬁiecctﬁ Qiggg(ii?)? TN P vat er

fromfour sides of a sheet-like lter ne , Suc at ne ane,
the t r enal ik ides of, the filter.. menbrane that are not held by the
hol di \rll\g f%?rarell}a{mr}?\rle}g g}écgu(rﬁ%%/hgeabﬁ‘é? %ilf%jg(lt)'he supporting frane nmenbers, and the
25 supporting f{%HE menbers may be caused to serve as the holding frane
menbers. 26 0045] Addi tionally, the nunber of nenbrane nodules to be
coupled is also not particularly limted if the nunber is two or nore. |f
the strength of (Gthe cibedphergs)menbers is sufficient, it is also possible to
couple ten or nore nenbrane nodul es. Additionally, the nmenbrane nodul e
units may be f uintddditionpors Bgedtofdichaeémbiadddicdulenamit of thd ineeralvapeayoie 4 he

hol ding frame nenbers, the supporting frame nenbers, and the frame is also

not |i m t gdmbeankheodilld SIBfn whitk a BREMER o it e RHRARE: is 8NehI P eBBedin
col umar shape, a cylindrical shape, a cross-sectional U—shapeg t ubul ar

e YL SRR e P R e g,
holding frame members that hold the filter membrane at two opposed sides of a
peripheral edge of the filter membrane, and supporting frame members that couple the
holding frame members together at both ends thereof, wherein the coupling means
clamps the holding frame members at the same sides of the filter membranes or the

15 supporting frame members at the same ends of the holding frame members together at
one end thereof by two opposed clamping members. The membrane module unit of the
invention is not limited to the hollow fiber membrane module unit 10 of the illustrated
example.

[0046]

20 For example, the filter membrane is not limited to the hollow fiber membrane
bundle, and may be a flat membrane or the like. In the case of a filter membrane of a
type that can discharge permeated water from four sides of a sheet-like filter membrane,
such as a flat membrane, the two remaining sides of the filter membrane that are not held

by the holding frame members may be held by the supporting frame members, and the

25 supporting frame members may be caused 1o serve as the holding frame members,



coupling nmeans 30 is also not particularly limted out to the aspect of the
illustrated exanple. For exanple, only either the holding frane nenbers 23
at the upper ends of the hollow fiber nenbrane bundles 22 or the hol ding
frane menbers 23 at the | ower ends of £he holl ow fi ber nmenbrane bundl es 22
may be cl anmped togexher at both ends of 15 the holding frane nenbers by the
coupl i ng nmeans SG9URRYG thsmmber of membang sraduiry 1 basaiehipalss 4 nay be
made to protrude upward of the upper holding frane menbers 23 and downward
of the | owettichielyilimgtet iftre nmmbbels $we 8y mand  tIfthesstrppeth of thg dlarapieg menber s 24
at the same ends of the holding frame nenbers 23 nay be cl anped together by
t he coupl nrgbresassuffidicat, idpalse pdssitle teafupllek baoRs BEmULRe FYdaldkhan t he

hol di ng frane nmenbers 23. [0048] Additionally, in the illustrated

exanpl e, the caggdiogils, iHGn&AMEhE ﬂﬁdﬂ%%ﬂﬁs ﬁﬁg}b@?ﬁrtl‘fér%?@ﬁe& Rgetol di 39 frame

menbers 23 together cores off 1n the rizont Irection I s assuned.

Therefore, for preY i com f,f . Ahe holding,frane menbers may 25be
cl anpe% t oget he&@;ﬁg&%gﬁgﬁ%{a O%Q%%@d% raﬁenWF’flgﬁré’gt&S PYPPOFHE 1iBpor t i ng
frame 27 nenbers be cl ed by, the sane coupling nmeans, and the

coupl i ng & §f%@@g%ﬁﬁ1%%a"§neﬂﬂ¥ﬂ%d Wdﬁﬁpﬁanatwaﬂ%@bglmhmme
further coupled together. Additionally, the coupling neans 30 is not
limted tBayhe achBmner aigps. 2 fdindocaishape p grasswentivaaisU-2Bamsd tethdarshppor t i ng
frame nenbers 24 together at one end thereof 5For exanple, in a case where
t he hol | owplatdshapamnthtlaeriékebundl e 22 is split into a plurality of regions,
and a void where the hollow fiber nenbrane bundle 22 is not held by the

hol ding frame nggbgrs 23 is present between the respective regions, the
hol di ng frane nenbers 23 may be cl anped together in the void. Additionally,

ar b1 L1 ary port | SREROCH APt bf QbR TR IRRRG ol f BBt oo

exanpl e, the.longitudinal directiaon of, the holding fra ers 23 is made
the hori z%(fﬂpgpgﬂgﬁ'é% lér?llsé?ﬁ’d’tP?fé‘c’f‘%ﬂéﬁlﬂﬁﬁﬁﬁé’ﬁo&k‘? gWFU%rﬁ%?nﬁ REatedippor t i ng
frame menber 24 is made the vertical direction. However, the |ongitudi nal
di rect i on®@plhe hipscuamples prdyeithas el dipg framye emheid @3 ehthewpper ands of
direction, and the

the hollow fiber membrane bundles 22 or the holding frame members 23 at the lower

ends of the hollow fiber membrane bundles 22 may be clamped together at both ends of
15 the holding frame members by the coupling means 30.

Additionally, the supporting frame members 24 may be made to protrude
upward of the upper holding frame members 23 and downward of the lower holding
frame members 23, and the supporting frame members 24 at the same ends of the holding
frame members 23 may be clamped together by the coupling means 30 at one end thereof

20 that protrude more than the holding frame members 23.

[0048]

Additionally, in the illustrated example, the case where the coupling means 30
that clamps the holding frame members 23 together comes off in the horizontal direction
is assumed. Therefore, for prevention of coming-off, the holding frame members may

25 be clamped together by a coupling means, and simultaneously, the supporting frame



15l ongi tudi nal direction of the supporting franme nenber 24 may be nade the
hori zontal direction. Additionally, in the illustrated exanple, the
fasteni ng neans 35 coupl es two opposed cl anpi ng nenbers 31 together from an
up- and- down direction. However, the fagtening neans nay be coupl ed toget her
fromthe right and | eft depending on the shape, 20 arrangenent, or the like
of the clampbery nmyriizedan3dl. by 100 50he eMipliep nasestane tie capplngthass 46 8 is a
schemati c vi ew showi ng an exanple of a water treatnent system provi ded

with the whEﬁdstdeHdiﬁm&ﬁlgmrﬁélﬂBer@mﬁﬂ@ HeTRRdricdpled Rgetheat er treat ment
25systemis an exanple of a water treatnent system %y a menbrane separation

activated 28 SA&!ﬂﬂﬁa@&%@%éufélME@ean@@@imﬁ 1 RAS B it &Q[ﬁhjs (KA,

a
relatively |arge so conte n raw water; an flow rate adjusting ter

tank 52 that reserv t raw wat di schar fromthe screen 51, and

i usts (RANT PR e PPt SERBRYER oMo s S tachat ot ank
56 for_ denitrification that bringls t he raw wat er supgli,ed fromthe flow
rate Sadj{RErAYPRatier casamkesthejollow fipen membispe Bandla s isswlibmiet obi ¢
condition, thereby performing denitrification, and includes a stirring

nmot or 54 rndlity efiregiohngnd bk adel Bere Srenetiowdilen erettwancsbumg e} 2ain @oi nakdr si on
wat er tank 57 that brings the raw water and air supplied fromthe water

tank 56 florthdholding frammaivearbeisi3ds @agntdketiaden thn@spetiiordgiond efie Adriingve
treatment of organic substance or the like by an aerobic organism a

10ci r cul atdRImRHBrs28 thilAhe LigmbaPioakiedinthd bhig. t R%dﬁ%ﬁ%ﬁ;feg}r% JAHERRS! On wat er

tank 57, and returns the raw water to the water tank 5
et e LA P R, B P frf 101 1 17
10 [0049]

Additionally, in the illustrated example, the longitudinal direction of the holding
frame members 23 is made the horizontal direction and the longitudinal direction of the
supporting frame member 24 is made the vertical direction. However, the longitudinal
direction of the holding frame members 23 may be made the vertical direction, and the

15 longitudinal direction of the supporting frame member 24 may be made the horizontal
direction.

Additionally, in the illustrated example, the fastening means 35 couples two
opposed clamping members 31 together from an up-and-down direction. However, the
fastening means may be coupled together from the right and left depending on the shape,

20 arrangement, or the like of the clamping members 31.

[0050]

<Water treatment apparatus™>

FIG. 8 is a schematic view showing an example of a water treatment system

provided with the water treatment apparatus of the invention.  This water treatment

25 system is an example of a water treatment system by a membrane separation activated



di ffuser pipe 60 (diffuser neans) that is arranged bel ow the hollow fi ber
menbrane nodule unit 10, 101, or 102 within the nmenbrane inmmersion water
tank 57, and diffuses 15the air supplied froma bl ower 59; a perneated
water tank 62 that reserves the perneatged water that is filtered fromthe
raw wat er side of the hollow fiber menbrane nodule 20 toward the perneated
wat er si deuddegrewhs QyBR) pmddsesn ecrdérf § bthenteraives ausatvebylatdeaofid komentng punp
61, and is discharged fromthe discharge ports 26 of the holding frame

nenbers 23 raf vdia; holibewatkiabRkirewhieanak TR dkt escrRs iR Backuashidhargedmp 63
t hat supplies the 20perneated water for backwashing to the hollow Tiber

menbr ane e yhEsiiints 1}9{1(16&1(@%%% ﬁ(ﬁ%,ﬂjogxzra{er (ﬁ(r}hé by { B0wVBLShstlaRk .62, @

. . e
circulation water neter is provided on the downstream sidé of the

circulatin u X . r ly valve 65 and an .air fl neter 66 that
are pr ovi‘@%ﬁp t@%ﬁ) ? ﬁgor&%ﬂﬁgﬁ\é@g@@ﬁg’é%gﬁﬁ‘?ﬁ%wm%w}lp@&fia#gmf‘ ﬁeﬁﬁ%‘*f ¢ val ve 67
and a pressure gauge 68 that are provided on the upstream side of the
filteri nOSHHEPaET fank FehbatPely ERR 3 e aR agisrolia pondilion fierehyd on t he
downstream side of the 29 filtering punp 61; a water tank drain 70 for
deni t ri f i eadormimgtdeaitrifisatipnosriddeduies 4 fiering metort Sdraod BGtitnrg Wedd 3 i fi cati on;

a nmenbrane i mrersion water tank drain 71 provided in the nmenbrane i mmersion

wat er t andonbdctechthereto; handahd Mgnudlonevate: thiias7 (et e thkethwotwvatchend
downst ream si de of the backwashi ng punp 63. 5[ 0051] Since the water

treat ment,2RPanLAl #emahe AR tRAYSRLPRrAeSR iR (ALRN 81RRSInY e fiRNDr ane

nodul e unit of the invention, attachment, renoval, and maintenance of the
Dol Ot Rl TR SRR Gk R0 A5 P B L Rl DT A
ol 1 01 | i HPEBB AREPIS A SR EUE! R DB DBAIT ISV SH PRI Lo P al
wast e wat er treatnent, or drai nage treatment, and is 15par ticul arl y useful
as a nenteanes theothy waienia the nelterdankgd Gfor denjirifsiarient the htltam&beroderbrane
module unit 10, 101, or 102 installed within the membrane immersion water tank 57; a
diffuser pipe 60 (diffuser means) that is arranged below the hollow fiber membrane
module unit 10, 101, or 102 within the membrane immersion water tank 57, and diffuses
15 the air supplied from a blower 39; a permeated water tank 62 that reserves the permeated
water that is filtered from the raw water side of the hollow fiber membrane module 20
toward the permeated water side thereof by a pressure differential caused by the filtering
pump 61, and is discharged from the discharge ports 26 of the holding frame members 23
of the hollow fiber membrane modules 20; a backwashing pump 63 that supplies the
20 permeated water for backwashing to the hollow fiber membrane module unit 10, 101, or
102 from the permeated water tank 62; a circulation water meter 64 that is provided on
the downstream side of the circulating pump 58; a blower supply valve 65 and an air
flow meter 66 that are provided on the downstream side of the blower 59; a filtering

valve 67 and a pressure gauge 68 that are provided on the upstream side of the filtering

25  pump 61; a permeated water meter 69 that is provided on the downstream side of the



DESCRI PTI ON OF THE REFERENCE S| GNS [ 0053] 2010: HOLLOW FI BER MEMBRANE
MODULE UNI T ( MEMBRANE MODULE UNI T) 101: HOLLOW FI BER MEMBRANE
MODULE UNI T ( MEMBRANE MODULE UNI T) 102: HOLLOW FI BER MEMBRANE
MODULE UNI T ( MEMBRANE 25 MODULE UNIT) 280 20: HOLLOW FI BER MEVMBRANE MODULE
( MEMBRANE MODULE) 22: HOLLOW FI BER MEMBRANE BUNDLE (FI LTER MEMBRANE) 23:
HOLDI NG FRavE gVENBER ; 24vat SURBOREINNG foRAME ! MENBERIE01s pCOuRtd NEh&/ANS 31:
CLAVPI NG MEMBER 32: GROOVE 35: FASTEN NG MEANS 350: FASTENI NG MEANS

tank 56 for denitrification; a membrane immersion water tank drain 71 provided in the

membrane immersion water tank 57; and a backwashing valve 72 that is provided on the

downstream side of the backwashing pump 63.

5 [0651]
Since the water {reatment apparatus of the invention described above has the

membrane module unit of the invention, attachment, removal, and maintenance of the

hollow fiber membrane module unit can be simply performed.

10 INDUSTRIAL APPLICABILITY

[0052]

The membrane module unit of the invention is useful as a membrane module
unit used for water treatment that performs solid-liquid separation, such as
water-purifying tfreatment, industrial waste water treatment, or drainage treatment, and is

15 particularly usefu] as a membrane module unit including a large-sized membrane

module.

DESCRIPTION OF THE REFERENCE SIGNS
[0053]
20 10: HOLLOW FIBER MEMBRANE MODULE UNIT (MEMBRANE
MODULE UNIT)
101: HOLLOW FIBER MEMBRANE MODULE UNIT (MEMBRANE
MODULE UNIT)
102: HOLLOW FIBER MEMBRANE MODULE UNIT (MEMBRANE

25 MODULE UNIT)



31 CLAIMS 1. A nenbrane nodule unit in which a plurality of menbrane
nodul es is coupled together in parallel by coupling neans, the nenbrane
nodul e conprising: 5a sheet-like filter nenbrane and hol di ng frane nenbers
that hold the filter nenbrane at two opposed sides of a peripheral edge of
the filter menbrane, wherein the coupling neans cl anps the hol di ng
frame nmenbers atf:t HEOkROW EIRIES MEMBRANE Me@D UidnidEMER AN et OBUIE) t wo
opposed cl anpi ng nmenbers. 102. The nenbrane nodul e unit according to Caim

1, further conma:siHQLBOYEFIBER MEMBRANBMBRINDLE (FILTHREVMEMBRANBast one
cl anpi ng menber of two opposed cl anpi ng menbers that clanp the hol ding

frame nenbers, and H(PBD ghmed together by combining means. 15
3. The nenbrane rmod unit accogglng to Claim 2, wherei n one or

bot h cl anpi ng nmb ed mnth the frame by the

conbi ni ng neangﬁis%%§¥k?@$%k?gggéﬁ%8&@ﬁgﬁ§#ane by fastening nmeans near both
ends of the cl anpin nenber%@% 4. A nmenbrane nodule unit in
whi ch °a pIurallqﬁ %Bﬁules is coupled together in parallel by
coupl i ng means, the menbrane nodul e conpri sing: a sheet-like filter
menbr ane, holdﬁﬁg fGlad PieOdENBIHAt hol d the filter menbrane at two

opposed sides of a peripheral edge of the filter nenbrane, and
32: GROOVE

35: TASTENING MEANS

350: FASTENING MEANS



25 supporting frame nmenbers that couple the holding frame nenbers near both
ends of the 32 holding frame nenbers, wherei n the coupling neans

cl anps the holding frame nenbers at the sanme sides of the filter nenbranes
and/ or the supporting franme nmenbers atithe sane ends of the holding frame
menbers together by two opposed cl anpi ng nenbers. 5. The nenbrane nodul e
unit according to daim4, whek.81¥St he coupling neans cl anps the
hol di ng frane nmenbers at the sane sides of either upper ends or |ower ends
of the filter nenbranes by two opposed cl anpi ng nenbers. 6. The nenbrane
nmodul e unit according to any one of Clains 1 to 5, wherein the clanping

menbers are for{reds WehfbhriheRhithal hﬁiﬁ%ﬁh@??%ﬁﬁ%ity@fggﬁéﬁrm hB&BOkdi ng frame

menbers or the supporting frane nenbers 15 e nmenbrane nodul e unit
accordi ng ne .of is. 1 to 6, erein.the coupling means

forcher ne BN efRR i ka8 Fretolibe o, traetlB o OV BB PG nenber
t oget The nmenbrane nodul e unit accordinghto any one of

er. . . [
d ai mg; 1 to 7, DURAES ﬁ%t%rwr%mnmsh%#mg Fameangnbsre tebheld dhg Blters” kg or
nore. 9. The nenbrane nodul e unit according to any one of Clainms 1 to 8,
wher ei n tmemerupkt vep oppesesd tdesrpde petiphdral afigngf theditter mentbens, at t he sane
sides of the filter nenbranes, and/or the supporting frame nenbers at the
same ends of 25whdreinhid ciupting rears damberhs haldinnfamethaibeboithheags t her eof
by two opposed cl anping 33 nenbers.

sides of the filter membranes together by two opposed clamping members.

10 2. The membrane module unit according to Claim 1, further comprising a
self-standing frame,
wherein at least one clamping member of two opposed clamping members that

clamp the holding frame members, and the frame are combined together by combining

means.
15
3. The membrane module unit according to Claim 2,
wherein one or both clamping members that is (are) combined with the frame by
the combining means is (are) fastened to the frame by fastening means near both ends of
the clamping member(s).
20

4. A membrane module unit in which a plurality of membrane modules is
coupled together in parallel by coupling means, the membrane module comprising:

a sheet-like filter membrane, holding frame members that hold the filter
membrane at two opposed sides of a peripheral edge of the filter membrane, and

25  supporting frame members that couple the holding frame members near both ends of the



10. A manufacturing nethod of a nmenbrane nodule unit that is a nethod of
assenbl i ng the nenbrane nodule unit according to Claim4 or 5, the nethod
5conpri sing: lifting a plurality of the nenbrane nodules in
paral l el, and coupling the nenbrane nodul es together by the coupling neans.
11. A dlsassenbly met hod of a nenbrane nodule unit that is a nmethod of 10
di sassenmbholdmetitenevmebee nodul e unit according to Claim4 or 5, the

met hod conprising: lifting the nenbrane nodule unit, and renoving the

coupl i ng neans. wherein the 3duipliAg MRiang ﬂﬁﬁl@@ﬂleﬂﬁﬁdiﬁgiﬁ@lfnecmdmiﬁ% &nke g@EUl e unit
that is a maintenance 15net hod of the menbrane nodul e unit according to

G aim4 oggd oftm@ﬁff@xxrﬂ&ﬁbﬁ%@e{ddﬁrnﬁb sup %ﬁ!nggran%ﬁ&hﬂ&s AL _mE BREKIMg the

menbr ane nodul e unit t reat ment appar atus conpri si ng:

f0"S arr agel! ﬁgéﬁ%ﬁ%%%“f%g&ﬁ tw%' R Ponged bel ow i he

menbraﬁne nodul e unit. 14. A coupl | ng neans coupling a
plurality of menbrane nodul es together in 25parallel, the nenbrane nodul e

having a sheet-like filter nenbrane and hol ding frane 34
The membrane module unit according to Claim 4,

wherein the coupling means clamps the holding frame members at the same
sides of either upper ends or lower ends of the filter membranes by two opposed
clamping members.
10
6. The membrane module unit according to any one of Claims 1 to 5,
wherein the clamping members are formed with a plurality of grooves into

which the holding frame members or the supporting frame members fit.

15 7. The membrane module unit according to any one of Claims 1 to 6,
wherein the coupling means further has fastening means that couples the two

opposed clamping members together,

8. The membrane module unit according to any one of Claims 1 to 7,

20 wherein the dry mass of the membrane module is 25 kg or more.

9. The membrane module unit according to any one of Claims 1 to 8,
wherein the coupling means clamps the holding frame members at the same
sides of the filter membranes, and/or the supporting frame members at the same ends of

25 the holding frame members at one end or both ends thereof by two opposed clamping



menbers that hold the filter nmenbrane at two opposed sides of a peripheral
edge of the filter menbrane, wherein the holding frame nenbers at
the sane sides of the filter menbranes are cl anped together by two opposed
cl anpi ng nmenbers. 5 15. The coupling neans according to C aim 14,
wherein the nmenbrane nodul e further includes supporting franme nenbers that
coupl e t heehdktsi ng frane nenbers near both ends thereof, and the hol ding
frame nmenbers at the sanme sides of the filter menbranes and/or the
supporting frane nmenbers 10 at the sanme ends of the holding frane nenbers
are cl anped together by two opposed cl anpi ng nenbers.

10. A manufacturing method of @ membrane module unit that is a method of

assembling the membrane module unit according to Claim 4 or 5, the method
5 comprising:
lifting a plurality of the membrane modules in parallel, and coupling the

membrane modules together by the coupling means.

11. A disassembly method of a membrane module unit that is a method of
10 disassembling the membrane module unit according to Claim 4 or 5, the method
comprising:

lifting the membrane module unit, and removing the coupling means,

12. A maintenance method of a membrane module unit that is a maintenance
15 method of the membrane module unit according to Claim 4 or 5, the method comprising:

lifting, washing and/or checking the membrane module unit.

13. A water treatment apparatus comprising;
a water tank;
20 the membrane module unit according to any one of Claims 1 to 9 arranged
within the water tank; and

diffuser means arranged below the membrane module unit.

14. A coupling means coupling a plurality of membrane modules together in

25 parallel, the membrane module having a sheet-like filter membrane and holding frame



10

34

members that hold the filter membrane at two opposed sides of a peripheral edge of the
filter membrane,
wherein the holding frame members at the same sides of the filter membranes

are clamped together by two opposed clamping members.

15.  The coupling means according to Claim 14,

wherein the membrane module further includes supporting frame members that
couple the holding frame members nearrboth ends thereof, and the holding frame
members at the same sides of the filter membranes and/or the supporting frame members
at the same ends of the holding frame members are clamped together by two opposed

clamping members.



