- e3eRp\ RMDBT\' *@G0002* SPECI FI CATI ON HOLLOW FI BER MEMBRANE NDDURXE,(Lmé o7
MANUFACMMW’W THEREFOR, AND HOUSI NG FOR HOLLOW FI BER MEMBRANE MODULE
Techni ¢ present invention relates to a hollow fiber nmenbrane
nodul e, a nmepde@ed for manufacturing theref ore, and a hollow fiber nenbrane
nodul e housi ng which are used for sep brati ng and refining a |liquid nmenber.

The present application is base pplication No. 2000-383556 and
SeErrERuAtoN

Japanesemllﬂmm mﬂﬂ Patent Appl | st Publication No. 2001- 000562,
No. 2001 No. 2001-072857 which are filed at Japanese Patent

O fice, and «sme=cont ent of which are incor porated herein by reference.
Background Art Conventionally, a hollow fiber nenbrane nodul e has been used

for a | oHOML PV FIBERSMEMBR ANERIOINEL EUANTY AN ANEFA CTURING METHOD Ng
water, and highly pure water, and cleaning an atnosphere. In addition to

t hese pur pPﬁBREFbe rASﬁ?@fOU‘W@Fdﬂ‘ﬁd?ﬁ{dWIﬁ nAEEMBIULE s used
for other purpose processing a highly contam nated water 1n secondary
processing and a third processing in a sewage plant, a solid-liquid
separation in a waste water treatnent tank, and a solid-liquid separation
of a suspended solid (hereinafter called SS) in an industrial waste water.
A hol | ole¢hnigat Fieddrbr ane modul e which is preferably used for filtering a

hi ghly contam nated water is disclosed in docunents such as Japanese
Unexam ned PaThepreserd it\@atios adlatest a kolfosi fiberahémbtane modale, édetiod01 253, No.
H6- 000342, and No. H6-000340. Accordi ng to such a hollow fiber menbrane
modul e, n@ﬂuﬁ@ﬂuﬁg‘iﬁér%ré’fw@aﬁgﬁ@ﬁ b hidhieEiR o ARERSANE BHRffafe dRgcont Al ned

and fixed In si rectangular housi ng I XIn hese oI | ow

er rrbran nuf. ctured by pourlngtheflxmg resin in the
hou5| ng,orfﬁe%rﬁténg?‘f@@ﬁﬂmgga?f % f%fhe hol | ow fi ber membrane bundl e on the
housi ng by the f|X|n% resin, and cutting a part_of the fixing resin such
that the end J8epresent@pphiesionds based pn patenhanplhieating Ne. 2008r38d55G@bver , in
such a method, it is necessary to use a housing having a |arge dianeter
because Jaanese UoasszadyPatent iAppdcations cEitst PublicatiohNd@081-000562hbioef ore, there
is a problemin that an integration of the hollow fiber nmenbrane nodul e per

a unit yobuoesi4s, h&i"Nb nz@lttﬂﬂz's@Wth'ié?ﬁJre PRIt ARSanERObH Ent Ok e, WG Thé
plurality of the holl

content of which are incorporated herein by reference.

Background Art

Conventionally, a hollow fiber membrane module has been used for a lot of
purposes such as manufacturing an axenic water, drinking water, and highly pure water,
and cleaning an atmosphere. In addition to these purposes, in recent years, the holiow
fiber membrane module is used for other purpose for processing a highly contaminated
water in secondary processing and a third processing in a sewage plant, a solid-liquid
separation in a waste water treatment tank, and a solid-liquid separation of a suspended
solid (hereinafter called SS) in an industrial waste water.

A hollow fiber membrane module which is preferably used for filtering a highly

contaminated water is disclosed in documents such as Japanese Unexamined Patent



menbrane nodul es are integrated so as to assenble the hollow fiber nenbrane
nodul e unit. For solving the above problem a hollow fiber nmenbrane nodul e
which is disclosed in the Japanese Unexam ned Patent Application, First

Publ i cati on No. Hei 10-57775 can be nanmed. This hollow fi ber menbrane
nodul e is manufactured by form ng a it on the housing unit which is made

froma ¢o r.ci al.. pj .form | 10 i | on 0 slit,

| nser £ 1 ABPETEORG L isafonRoHE B2l N Ho Gk B Bt HOedin ot ¢ ne
hol | ow fi ber nenbrane is opened in advance in the slit _section, pouring a
fixi ng Asegrdingieserh ahollavelibergnembrane megulgenan endbsectiomoSahect hellovan end
section of the hollow fiber nmenbrane is not closed; and fixing the holl ow
fi ber nfibdrrmerabdane biielldis dontridedanddixed st bide b edtivgulmbolisiag by afiximet hod of

t he above holl ow fi ber nmenbrane nodul e, the hollow fiber nenbrane bundle is

fixed opghe ﬁ?ﬁﬁ?ﬁﬁb&ﬁﬁe%ﬁéh@&oﬁ@@i@ aﬁurﬂctﬁf‘éoed’al ﬁ&ﬁﬁxg the §¥i§,§pr ocess for

cutting a pa I Xing resin such that an end section o he hol | ow

fiber nmenbrane is opep is omtied. By.doing this, it is posgjble to make a
i et oF iR h s s i 47 pid Setuiptie (8 oot et wetnblseAdly bt e
Application, First Publication No. 200-84373, a hollow fiber nenbrane

nodul e hensinedpothe dixing 1epinj and auling e parbof thedixing sesinsuplbthabtherend sectigdnbr ane
nodul e which is disclosed in Japanese Unexam ned Patent Application, First
Publ i cabf ths hbtlow Hibier i@ntbrahéSs opdrled. 27 is a perspective view for such a

hol I ow fi ber nmenbrane nodule. FIG 28 is a cross section in the housing in

the hol | ow i 1gicUB R8P HRAME 130 AURsialy F Be sdtbusifl hatifhlaQiteh | Der

menbrane nodule 11 approxinately conprises a pair o ousings 12, a holl ow

ar o bundigiird pechtahd debenl{Reafs Bt bithoBsiad? o RS AR of ¢ ne

housing 12 and has a processed water exit 16, and an end cap 18 which is
at t acheBroblemyHothptean @iegrasoniod shezbnllowniiber embrape medulsipena ait yolwmsdis s sed
wat er exit. The hollow fiber nmenbrane bundle 14 is fixed on the housing by
t he fi xlowginrzbollow fiberdembroeea diodilerunithebent ayeutadity ofihe hbBowifibebr ane bundl e
14 is inserted in the housing 12 and the opening end section 19 in the

hol | ow Heh%&ad@ﬂ@d@&eaé&t%graﬁaisara@w&de@m Bhe HAIRWAYS MémBrané fodufeo! | ow
col utmar menber having a | etter shape which is provided with a hol | ow

inner pgth 21 which is fornmed in the housing 12, a slit opening section 22
which is Tornmed on a surface of the housing 12, weirs 24 which are disposed

unitarily with the .hoysing unit 23 on both sides of the opening section 22
in paral |ye| V\F?rhso ving the above problem, aholltcj)w iber membrane moguleQV%lch 1%

disclosed in the Japanese Unexamined Patent Application, First Publication No. Hei
10-57775 can be named. This hollow fiber membrane module is manufactured by
forming a slit on the housing unit which is made from a commercial pipe, forming a
potting weir section around the slit, inserting the hollow fiber membrane bundle in which
an end section of the hollow fiber membrane is opened in advance in the slit section,
pouring a fixing resin inside of the resin potting weir section such that an end section of
the hollow fiber membrane is not closed; and fixing the hollow fiber membrane bundle
by the fixing resin.

In the manufacturing method of the above hollow fiber membrane module, the

hollow fiber membrane bundle is fixed on the housing by the fixing resin, and after that,



t he opening section 22, and a resin pouring section 25 which is sandw ched
by the weirs 24. In the hollow fiber nenbrane nodule 11, a dianeter in the
housi ng 12 can be 4 further smaller by adapting a housing 12 having a
cross section in U-letter shape; thus, it is possible to increase the
integration. Sinultaneously, an anti-pressure characteristics in the

housing 12 i oves. A water essure caused in rever se-cl eani IS

appl i ed2PEPEHREHENEG PEE o(félbe@é’fléargﬁl tﬁﬂ@@&@?%ﬁ@ﬂ@iﬁb%@oﬁ@&ﬁﬁ?i onis
performed on a solid nmenber in a highly contam nated water which adheres on
an out emesbrirede opén islomitted.| OBy floing thispisrmesible3o make aaliameter intthé s
necessary to realize an anti-pressure characteristics in the housing 12
parti cuhgiding whdrrsuch a highly contam nated water is filtrated. Wen a

hi ghly contam nated water is filtrated by using such a hollow fiber

menbr ane modulyg,l; eJa?gﬁr;@%Emgxilﬂin bﬁ&nﬁgp@g{aﬁgﬁ%}& Pﬂb@&?@ﬁ}t\l&on by using an

air dispersing tu e commonly use eani ng a ‘menber in the
hi ghly }j hat e er which adheres on an _.outer. surface of the hollow

1 Der nanRANE, Spoflavdier eiegtbins oRG IS SroRd G el gy RackBRE I n ¢ hi s
way, various stresses are generated in the hollow fiber nenbrane nodule 11
when a hihotlewtfibey mepbrane roodile whinhfis diselosed/indspangse Hoctasined\Piteter menbr ane
nodul e unit. In particular, an ascending flow which is generated in the air

bubbl i ng\ppHedtin, BitstaRuplitafona¥o UpME0S 7705 C EFIR mhealpeisreauv%idw foraatk ane 13;
thus, a force toward the hollow fiber nenbrane is applied on the housing 12

such "ol SAYSABCAR kiYL | it Y i DEROLLAN 4 BETRRDIFRE, 15 1D TS

driven ascendi n n on | e housing 12
whi ch i aused b he stress which | nerated by the air bubble becones
a reasoi?oﬁ%‘?’iﬁ’ﬁﬁﬁ‘él“&fﬁanteﬂ‘éo ?fW"f‘i“ﬂJé& gznbr ane 13. Also, there is a sag in
the hollow fiber nenbrane bundle 14 caused by the deflection in the

housi ng. As aThebollew dibex miembrane mastuls | happroxmataly eomprisese paslafow f i ber
menbrane bundles 14 in the neighboring hollow fiber nmenbrane nodules 11 are

ent angl &dudagshl 2 hetlowrfibieh emehrarevuntdlecl4 ineviician pluraiiylo€ holiow fibéd so, there
are 5 problens in that the hollow fiber nmenbrane nodule 11 is broken,

crumbs adhiaddin agﬁg%@ch&ﬁs& d %e@@ﬁn@ie&ma?? WE@MME?%E%%%L@Q egg%k:me' ates,

and a uniformair l'1ng operation Is not realize such an
o0 20! S 95 PGB P EET 05 AR 1R Lol o 11 e
another end of the housing 12 and does not have a processed water exit. The hollow
fiber membrane bundle 14 is fixed on the housing by the fixing resin 15 under condition
that the hollow fiber membrane bundle 14 is inserted in the housing 12 and the opening
end section 19 in the hollow fiber membrane 13 is maintained open.
The housing 12 is a hollow columnar member having a U-letter shape which is
provided with a hollow inner path 21 which is formed in the housing 12, a slit opening
section 22 which is formed on a surface of the housing 12, weirs 24 which are disposed
unitarily with the housing unit 23 on both sides of the opening section 22 in parallel with
the opening section 22, and a resin pouring section 25 which is sandwiched by the weirs
24,

In the hollow fiber membrane module 11, a diameter in the housing 12 can be



As expl ai ned above, performance in the hollow fiber nenbrane nodul e unit
whi ch uses the hollow fiber nmenbrane nodule 11 and the nodul e depends on
the deflection in the housing 12. For such a deflection in the housing
which is explained here, it is possible to nane deflections in two
directions mainly such as a deflectich in a | ongi tudi nal direction of the

hol | ow £i ber an undl e whi i S.generated.duri filtratin

oper at | BFRG STRHLEF g oF e s A e BN Ot et abance s 1 n
direction orthogonal to the longitudinal direction of the hollow fiber
nenbr anis posHbliedo increase thedniepttient oSimultanpeusly, de antepressireicharactaristicst i on
orthogonal to the longitudinal direction of the hollow fiber nenbrane
bundl e aythy achsdngs12VRhprodes. S UCcvars pressiet baked in arevesediemniig io apslfeditbe
housi ng which is used for the hollow fiber menbrane nodule is designed in

advancepllsihBab réfifiedRShdIPredbRe CleaNR Weialiof s derithiRBg bR bl | ow 11 ber

menbrane nodul® I s asse be a uni a spacer or
the like is inserted in a.space pet n the housings in the hollow fiber
oo anGeBet e RN <RETRRRERART bR dngies A8 SR oHEF e dT Boha ¢ o be a
unit, or other sin?le met hod. However, a nethod in which a deflection in

t he houfibergnembrane 13 .ghefefaieli ihisinegessaryttp 6eplige ag peti-REasswsa charBeeristics it ane
bundle is restricted so as to prevent the entangl ement of the hollow fiber
menbr antheth@asing 2 iperticufarlgpotsadsusip e highl e eddtyminatedoyateris filtedreds hol | ow fi ber
menbrane nodule 11, it is necessary to attach end caps 18, 18 for sealing
an end secti ofpgh atHli‘%g?%ﬁhﬂﬂlaieﬁ @%\eﬁﬁ%lﬂ&@élﬁgﬂgﬁ shéh #holldv WBEEST - ti ght

manner so as to col a processed water. T caps 17, 18 are usually

attached to the houysi before the, fixi sin 15.i oured i.nto the resin
our | ngelBrinsmomt AT haBEhEl B Wfeesh s ob g Seet g TR A0S 17 16 T o

the housjing 13, a solvent bonding agent, or a bonding resin which is

equi val dispersigg ke Cfamewgmnwlhuae% far eleaping a splibmepbpainithe highlat nenbers for
the end cap 17, 18 and the housing 12 are a pol ycarbonate nenber, an

acryl i ccontgmimatedvioaser, whinh AdiBresssi an ¢uter sprfane of the dolow dibiee menbranedide r esi n)

menber or a polyvinyl chloride nmenber. These bonding agent is applied to an

area i ninidakor t0ehd et RElvel-ABshingd Meiod. CRPislway, VEriGHiRsdes @RCh ot her,
after that, the housing 12 and the end caps 17, 18 are attached toget her.

Hovever oo fcabdlfh Qb AN bBP oL ARSIMD K e a3 dpSeafisR el ned above,
there i a case in Ichanarea to Ich a bonding agent 1s applied is
broken when an external ess,. is applied to the hqusing 12, that is, when
an_ exceBie d)rwqgstﬁsbg{l% ibprymefpbrang nedylesunity T gt b, asrascending: ned
together with the housing 12 repeatedly. Also, it

flow which is generated in the air bubbling operation applies an upward force on the

hollow fiber membrane 13; thus, a force toward the hollow fiber membrane is applied on
the housing 12 such that the housing 12 is pulled by the hollow fiber membrane 13 which
is driven by the ascending flow. In this way, a deflection in the housing 12 which is
caused by the stress which is generated by the air bubble becomes a reason for damaging
the hollow fiber membrane 13.

Also, there is a sag in the hollow fiber membrane bundle 14 caused by the
deflection in the housing.  As a result of this, it sometimes occurs that the hollow fiber
membrane bundles 14 in the neighboring hollow fiber membrane modules 11 are

entangled each other in the hollow fiber membrane module unit.  Also, there are



is not easy to apply the bonding agent to the end caps 17, 18; therefore,
there is a problemin that a production efficiency decreases. Furthernore,
in the housing which is expl ained above, there is an non-uniformty in the
di mrensions in the weir section 24 which is formed on an outer surface of
the housing unit 23 and the resin pou®ing section 25 which is surrounded by
the weir section 24 according to the nnldinq,condition of the housing 12.

I n somePioklsay indhat the hajloy Bhefemembiane modplecl lyie Proksacamiohs 0ad 4 Baif nol | ned
toward thereinside. Also, there is a case in which the hollow fiber

menbr aneort@nédiin the highiyusentarhinated ovateraacgummnlates.candi aemfirmminbubblieg openi ng
section 22 and the hollow fi ber nenbrane 13 when the hollow fiber nenbrane

13 is | ganficifisinBt feaRzBEehi@ oF3uéHh érifhgléthér? WF tHRIIoWEMMY: Minbkand S 7

sandwi ched in the opening section 22 so as to be fixed there. In such

cases, {t i [ e to abtain fficient {ty.in the pouring
secti onb'?élg/&? gvgxfeﬁ)@ﬁeerozlloiwsﬁléer%g% rﬁ‘ﬁg(ﬁﬁﬁ%lﬁ u?‘ hgpﬁeﬁﬁﬁrgﬂoggitlﬁnew | eaks out of
t he housing 12 when the fixing resin, 15 is poured into the resin pouring
section 25. FO#enplpiege abovsy perfermanee inthahellew fibgemembraneimodylg utised in a
potting operation; thus, the fixing resin 15 does not prevail entirely;

t her ef omhjchaisps the lhotlowdthen nbefbeate. nddde 11 amdthe madude depeods on fher an
anti-pressure characteristics and durability because of insufficiency of

t he pot HéfMértibR$h the hblsingflere, a main object of the present invention is to
provide a hollow fi ber nenbrane nodul e having a superior durability in
whi ch the hol f{hey r. . : S| . o nd a

met hod for mﬁﬁ&é’gbaﬁeﬂga[@éﬂg%n@g W%B}Zhlé’%é%éﬁ@?&é@dﬁf?&étﬂ&%ﬁ?%@? t(gf t he

pr esent invgnfgi onis to (fI‘OV_i de a hollow fi bﬁr menbrane .mgdul e, i n, which it
i s possPiRe delledtions idteve diFrstipnt wainkt ush a3 e deHection i diPngitydina ®Re nodul e
per a unit volunme of the hollow fiber nmenbrane nodule unit and has a | ess
def | ect pbtheihollbWditvo msmbganscisdte which icgapemtaiudiings fitrating opariidreofand | ess
ent angl enent of the hollow fiber nmenbrane, and a holl ow fi ber nenbrane

nmodul e el Kolla® fitser tnhentirafieemoddile @nit @h8) @ [deflbgtR@tin @fdidebigo b Biicdhali to kNt i on i s
to provide a hollow fiber nenbrane nodul e having a superior nechani cal

L0t e e URH Al pIATASIR I 008 Rty | achec

t oget her, t manufacturing such a ho rane
nmodul e ily and efficiently. Al so, othet ject of. th resent invention
"o to pRgurbnat AglereG shagrie R pgeieina? Blrésion Hohs SRR ' g
increase a volune for pouring the resin thereinto so as to fix the hollow
fi ber maottarze Bipdlely vasigus mgthads spekpgsoymadiod in which-dimensien ef the
characteristics, and a hollow fiber nenbrane nodul e using the sane.

housing which is used for the hollow fiber membrane module is designed in advance

such that the housings are disposed tightly when the hollow fiber membrane module is

assembled to be a unit, a method in which a spacer or the like is inserted in a space

between the housings in the hollow fiber membrane module when the hollow fiber

membrane module is assembled to be a unit, or other simple method. However, a

method in which a deflection in the housing in the longitudinal direction of the hollow

fiber membrane bundle is restricted so as to prevent the entanglement of the hollow fiber

membrane has not been proposed specifically.

Also, in such a hollow fiber membrane module 11, it is necessary to attach end

caps 18, 18 for sealing an end section of the housing 13 on the housing 13 ina



8 Disclosure of Invention A first aspect of the present invention is a
hol | ow fi ber nmenbrane flat nodule in which both ends of hollow fiber
menbrane bundl e which are fornmed by bundling a plurality of hollow fiber
menbrane as a sheet are fixed to two housing separately by a fixing resin
whi | e mai ntai ni ng an opening conditi o in an openi ng end section in the
fol l ow fi ber, nbrane in which a maxi npmw dth (A) in an orthogonal

di r ect | BATETESHE MAMET 50,45 IRFOUSFY ARPFERTEEWatehe hol | ow fi ber menbrane is no

| onger than 25 mmin a cross section which is orthogonal to a |ongitudinal
direction of TheendeapsAdsl8 araysuallyemtiaphad tdslhe kasingrbefore theefixiogsesiys whi ch
are neasured according to a nethod for neasuring the defl ection according

to the psagwuied inwetheiresin pouriigtsetsive2s ihahe holdsing 122 dFtaiaciing eevendn t he two
housi ngs. In such a hollow fiber nenbrane nodule, it is possible to

i ncreas i i t] : i 4 : : ule per a
uni t vo?a&%nggbw%oﬁ%[e%g??g%vﬁ?’idb%rl‘ggrtrl{e%rﬂéﬁrgg e‘ﬂ‘é"uc{rgflﬁgcri# t é‘?gmgiﬁggl ess

defl ections .in.the hausin e to factors such.as an.,air. bubble, and it is
poss: bi EaigalpReb A RnR e, sl et det oGS RT PP RIS BRI aRE. ¢ hus.

t he hol hzcivn\{)sf;qgetgegenbra{\ggﬁi S n?t gb;gaﬁged. éNEt hod lf or .rreasul;i ng a s

defl ecti ra¢ NGuSH cfadyolyra piermaerabatedn aceylicoigsingngmabarodmABSi n such
a way that: both ends of the housing which is to be neasured are supported

such t hedsina(abyldminnilé-biadieneeiyr aieaesdis) tempasat piywinglrdblorideanethberr housi ng
is supported such that a nmass of the another housing is not applied to the

housi nng’i@Ee%nHﬁgta%eﬁ‘is gﬁﬁ&'d&@% a%?%vs}hgch%eﬁﬁﬁ (Y $2 M PheLRReASed | n every

S cmof i1nterval et we an end 9 the housihg which is to bé neasured
to the her, end ,of ..t he,housi which.i,s to be neas %i)a trai,ghtedge is
appl i ed BiouRIeRphen ARaE, Ik g 12y et RS 1 il alieRh a2
di stance between the uppers surface of the housing which is to be neasured
and t hetogethr.ght edge; and a maxi mum val ue of the above distance is defined
as a maxi mum defl ection. Also, in the present invention, in a hollow fiber
menbr ane noduHewevtr, insthp hell@w dibeemembtane achludf 1 hwhhngexdaipedaboded with a
resin pouring sections to which the

there is a case in which an area to which a bonding agent is applied is broken when an

external press is applied to the housing 12, that is, when an excessive force is applied to

the end caps 17, 18 which are attached together with the housing 12 repeatedly. Also, it

is not easy to apply the bonding agent to the end caps 17, 18; therefore, there is a

problem in that a production efficiency decreases.

Furthermore, in the housing which is explained above, there is an

non-uniformity in the dimensions in the weir section 24 which is formed on an outer

surface of the housing unit 23 and the resin pouring section 25 which is surrounded by

the weir section 24 according to the molding condition of the housing 12. In some cases,

there is a case in which the weir section 24 is inclined toward thereinside. Also, there is

a case in which the hollow fiber membrane 13 falls because of inaccuracy in the

dimension of the opening section 22 and the hollow fiber membrane 13 when the hollow

fiber membrane 13 is inserted in the housing 12 and the hollow fiber membrane 13 is



fixing resin is poured, an opening section to which an end section of the
hol | ow fi ber nmenbrane bundle is inserted, and a reinforcing rib section for
strengthening an inner path which conmuni cates to the holl ow fiber nenbrane
and the housing. It is possible to restrict further the deflection in the
housing if the housing is provided with a reinforcing rib for strengthening
t he housing., /Al,so, it is preferable that .each of housing is.provided with a
resin_ pHABNiRed &b thehening Segjoni? 2 9csitp Be A5SY therey L8 SEELFASES, I8 MBheni ng
section to which an end section of the hollow fiber nmenbrane bundle is

i nser t eplossidtaitosobtain afsuffisient capasity et theoufing seption@§t hddsontheagisiagase imat h

whi ch communi cates to the holl ow fi ber nenbrane and the housing. Al so, it

i s pref ghithltRe fikiag rasi€ 1 6 $aks 661 dfahe hbusidpel hated e ﬂ)@n%]mm 549 poewed mat e
Hletter. Such a hollow fiber nenbrane nodul e can be handl ed easily when it

IS manu r b L Sc P i 0 t i i . io of the
hol | ow Fl?(g{ehlré rﬁ%%réﬁé%gg Sr%g% Zs'i %@ﬁg{ Slsvfﬁﬂegg?n%}ﬁb%?g?\ege%é%@ uni t when
the hollow.fiber. 10 nenbrane npdul e unig i s designed; .thus, a.strength of
the houlféAdn @RHHEREFAIOBSNEART BXINEARSIBAS REY BRI SUEVA cBUTelY: therefors.ar or abl o
that the housing is provided an engagi ng]' section for engagi ng an exter nal
suppor t preguetdes adlafecor Alsppbenciisg compsrisirapwnfiipbessunewhiragiesistisdude. | n such
a hollow fiber nmenbrane nodul e, the external supporting nenber supports and
r ei nf or d@abilibebévausd sfinsufficierdyosfahe potting rédssi bl e to decrease the
deflection in the housing. Also, it is preferable that two concave | anes
whi ch are SanghleRed dtaih a5 dLbhe s ifhdR T fo0ftSviak & hbflowatbepn a side
ex | anes ic [

of the housing, and’two con exten n a | ongitudi nal

direction of the usi ng as the engagi ng section ile facing each, ot her

o 6 F or MEGRERTHRARE RS & swipor BUSBEY BB b bl BeReRtbaREa0L ) Anes.
In such a hollow fiber nenbrane nodule, it is possible to engage the

housi ngthsyhoupiag esa vatlamagerhanst mgethodier maryfpcinting thajseme. it is possible to
attach and detach the external supporting nmenber. Al so, a hollow fiber
menbr ane noduMbrel specifatigraii object of the@r¢gzemsiaméntionietd pronide & hotlawafiieer i zed i n
that a plurality of the hollow fiber nmenbrane nodul es according to any one

of O ai Fembrif® mod18ifvARASEY pBRMIeXs TREALY thentlgfafbh 6F the MOR6RIfibeAN
interval (C) between a center (a) in a wdth direction of the housing in

e oL Ao OB T 1L Al o0 g o

ane nodu onger than

25 mm In such a haollow fiber nmenbrane nodule unit, it is possible to
i ncr eas@ lesndeflogtiogrnthedipusiagicanseddy factarsisuclyas amair Bebblpandisss ow fi ber

entanglement of the hollow fiber membrane, and a hollow fiber membrane module unit
using the same.

Also, other object of the present invention is to provide a hollow fiber
membrane module having a superior mechanical tightness in a section in which the
housing and the end caps are attached together, and a method for manufacturing such a
hollow fiber membrane module easily and efficiently.

Also, other object of the present invention is to provide a housing in which it is
possible to pour the resin and increase a volume for pouring the resin thereinto so as to
fix the hollow fiber membrane by the resin while improving an anti-pressure

characteristics, and a hollow fiber membrane module using the same.



menbrane nodule unit and mnimze the deflection in the housing due to
factors such as an air bubble. Therefore, it is possible to prevent the

hol | ow fi ber nenbrane nodul e from being broken after |ong period of
operation. 11 Al so, a nenbrane nodul e housi ng according to the present
invention is characterized in having & hol | ow col umar shape in which a
slit opening section in the longitudinal direction is fornmed, two convex

| anes are forned opposite to the opening sections which sandwi ch a hol | ow
section in the longitudinal direction, and the wdth in the opening section
i ncreases by pressing the coniisclosanesf Ingeitioant al |y from t he housi ng. By
usi ng such a housing for the hollow fiber nmenbrane nodule, it is possible

to inprove thg fREQEPE: iof tHeprédent ih9edtRIn! i9W hblIBRTILIE fhdRghe M WMluleihSO, it
is preferable that the two convex |lanes are fornmed in parallel, and a side

of the [ it [ b aBY Using
such a gﬁ‘i‘lbﬁg‘ éjrlﬂ{s "lfg‘gg%‘gsf?’ t‘ﬂd@efh %r&ggﬁgﬁ@g@ﬁ%ﬁ Iﬁ’r%? 8‘3’5@[@0‘?\ ralg 53 when t he
hol | ow f ber ane nmodul e is assenbled, tqQq be a unit. A second aspect of
the pr elurlity gggﬁ[%ﬁb?rsm@naﬁaae p84 FBRSharer e 49 O HORMS:HR AR P, aconpri ses
t he nenbrane nodul e housi ng described in the above aspect and a filtering
menbr anfixingtresis while nearisbinéng dmopeaing waditioann emdperang emhsesfion hethei | t eri ng
menbrane is fixed to the housing by the fixing resin under condition that
at | easfolRw £h¢ ns@RbrafirOWhich@ nhdxihem WdtEOh ARSrthgdids airb@ibnftb@m t he
openi ng section of the housing, and the opening end section in the

P rert - ousi .
1ter ibt‘lﬁﬂ‘u’&m&ladheefchén Hﬂh@%ﬂllg&mi%gﬁ{églb#%e%yﬁ? IlcﬁlggﬁglthS mASh a fane

nodul e, ere are few cases In tra rane i s broken or
crushed; therefqre, there are few defect products. Al so, according to the
Cecona sesBEmigh b ehaeunb Rt < Iantidraiiterfor ot Bk Bputhdy bada Tt ht

met hod for manufacturing a nmenbrane nodul e having steps for pressing the
convex hamxirgemtdetactingrintlmbaeusings fwhich arh measurbd agnording to @ methedifay descri bed
in the above aspect, increasing the width in the opening section, inserting

an end srairing thé défhetibh hi@rding toehriprasest ihvanionhenepasicnBarseed oo, and
fixing the filtering nmenbrane to the 12 housing by the fixing resin while

i ntal gishlel BavwRBE RISk RAsiffs. 1R shid § RENAD ABBREADRARRRRMY i ifccor di ng o
such a manufacturing method, Tt is possible to manufacture a hollow fiber
et AU L kol ML SR OGP e S SARE ook £nk "

volume of the hollow fiber membrane module, and there are less deflections in the

housing due to factors such as an air bubble, and it is possible to restrict the entanglement

of the hollow fiber membrane; thus, the hollow fiber membrane is not damaged.

(Method for measuring a deflection)

Here, a method for measuring a deflection is performed in such a way that:

both ends of the housing which is to be measured are supported such that a
hollow fiber membrane is disposed downwardly;

another housing is supported such that a mass of the another housing is not
applied to the housing which is to be measured;

0.05 kg of weights are suspended in every 5 cm of intervals between an end of



A third aspect of the present invention is a hollow fiber nmenbrane fl at
nodul e in which both ends of hollow fiber nenbrane bundl e which are forned
by bundling a plurality of hollow fiber nenbrane as a sheet are fixed to a
housing by a fixing resin while maintaining an opening condition in an
opening end section in the follow fib%r menbrane, the housing is provided
with a slit opening section through which an_end section of the holl ow
fiber nﬁwmoaﬁ@gm%] is tp be meamyredsto the other prd phibeihgysingwhichigte ke which are
formed on both sides of the opening section so as to be parallel with the
openi ngneaqiredyn, and the weir is provided with a weir body and a bendi ng
section which bends fromthe tip of the weir body toward thereoutside In
such a hol | ow, kirfighteBBIRBPRed B Gopek SurtioeRTIN RIRingGyKiEARYS ba! Most of the
defect potting which is caused by factors such a an Inaccuracy in the
dinensi&ﬁ gf .he housing and a fall of the hollow fiber. In addition, such
a hol | oW*F'8&Y menbrane nodule is superior in the anti-pressure
characteristics, because the thickness of the fixing resin is uniform Al so,
it is prefer abﬂ@tqnﬁagewnﬁ&wrwrfﬁﬁreowp ﬁoww iehiigto bromeasiwred; per
menbrane nodule is in a range of 10 to 90 % of entire height of the weir.

| n suchasd thelstraighfedgerandenbr ane nodule, it is possible to obtain a
sufficient thickness in the fixing resin; thus, it is possible to maintain
the anti - presgWaRifiha akleIriths Aove distdnee id\@Wiinewat b hekiMBRIcABSigHPdUl €.

Also, it is preferable that, in a hollow fiber nmenbrane nodule, a ratio
between an interval between a tip sectionin a weir and a tip section in
anot her weir and an 13 interval between a base tip section of a weir and
anot her base tip section of, a weir, is in a.range of 10:9 to 2:1. In such a
hol I ow fi ber itihe PresETH avention; ig %@M‘aﬁrt erpyane PRdule; kithg resin into
the resin pouring section easily and reduce the consuned anount of the
necessaipyeféiakierthatreach of hotising, is providedprithf reshi pouringtsectiansite whisbshé n t he
opening section in the hollow fiber nenbrane nodule is in a range of 0.1 to

20 nm  IiRirpUekinds pelrkd)\infdplaing Redtidhas evhigioa énd settidrBofs bl fiber hol d t he
hol | ow fi ber nmenbrane. Thus, It is possible to obtain a sufficient

ef f ect | Y& I ANIAS ‘?x?s'eﬁ%i‘,slﬁguei al rEin?&fﬁg%ﬂ Rfor fr gﬁ'lér%fﬁéxﬁ'né ﬁ?inﬁ%ﬁtﬁgﬁfs ure

characteristics. Tourt ct o present i1nvertion, 1n a
fi ber nmenbrane nodule, it is characterized in that an end cap is attached
Lo at | UEH SmBRGowE infhe REUSY HoF elofite and tiafisRBnner | n whi ch an i nner
path which is a path for a processed water fromthe hollow fiber nmenbrane
is formed, andtigpossitdeto eestristfuthenthesieflestinn iofthe keusing) if the Houpiag ienbr ane i s
fixed to the housing by a fixing nenber nmade of a fixing resinin a
provided with a reinforcing rib for strengthening the housing.
Also, it is preferable that each of housing is provided with a resin pouring
sections to which the fixing resin is poured, an opening section to which an end section
of the hollow fiber membrane bundle is inserted, and a reinforcing rib section for
strengthening an inner path which communicates to the hollow fiber membrane and the
housing.
Also, it is preferable that a cross section of the housing is in an approximate
H-letter. Such a hollow fiber membrane module can be handled easily when it is

manufactured. Also, it is possible to set the integration ratio of the hollow fiber

membrane module in the hollow fiber membrane module unit when the hollow fiber



water-tight manner. Also, it is characterized in that the fixing menber
fixes the hollow fiber nenbrane on the housing, and the fixing nmenber fixes
the end cap on the housing. Such a hollow fiber menmbrane nodul e is superior
in a nechanical strength in an area in which the housing and the end caps
are attached together. Al so, |t is pri® erable that, in a follow fiber
menbr ane nopdul e, the end cap rovided with a snall lid section which is
i nsert ealembrmém%e\ampmdﬁsngneé HBus, 3 §aepgih ofthedioyaing jagaiggt the deflegtipe h
contacts an end surface of the housing, and a connecting section for
connect cargbd imgpreveal. | | i d section and the large lid section such that an
area in a cross section orthogonal to a |ongitudinal direction of the
housing is Snkhéoeft id ﬁ%&rﬁﬂe a8 theHoubing l§ﬁi%|videh'aﬁ eﬁ%ﬁg)%cu@ﬁ'@ort he fixing
menber is filled in reS|n pouri ng space which is formed between an
out er perlpher connectd ng se end C and an inner
per i phoPJEARLlE %“X’??fﬁzl b Png SRS SoRe RSk R e FofdRe et rodul e, |t he
end caps are prevented from bei ng removed fromthe housing; thus, the end
caps ar &0odpleed Ip sughiehollowsfibey membrane jnodulesthe external supposEREWEMBEr t he
present invention is characterized in that a nmethod for manufacturing a
hol | ow fugperts aedrbsiafoecesvitthaisings thetefme, it dy passibleatiordengasdhe dpfiedtiog iend
section of the hollow fiber menbrane in the housing fromthe opening

secti onipdtdubines fornmed on a side of the housing, attaching the end cap on
the end section of the housing, pouring a liquid fixing resininto the
resin pouring c r . r ni ng
section, fixi ﬁg&fﬁlgﬁreWhﬁQ i Jv&)o %ﬁ'g?\;aerqg&osw %ﬁg'%o%gﬁlﬁwfoﬁﬁ%ng a fixing
resin into_the resin pour ace s formed between ing and
t he endrea@ma&&gfsp%i% a OEaﬁ\ﬁgr?%tﬂFFeh%‘éW& el RV B e% wﬁeﬁch a
nmet hod for manufacturing a hollom/flber menbrane nodule, it is possible to
manuf acexteadsinradbhgitudindd directiomofahehonsihg & thaengaging sgcqimr wbile faeuigani cal
strength in an area in which the housing and the end caps are attached

t oget heea&ﬁ&hényaremneﬁfdn%ef&ﬁmrcﬁgnefsedaeﬁcsblaptd f0e e doneWeN@esFl fa 1 is a
perspective view for an exarrp e of a hollow fiber nenbrane nodul e according

to the %ﬁe?ﬂélld DYEO hfibra F dale' ﬁlé;p@ %?estfse%%agﬂﬂg%u&ng%ﬂ N9 in the

hol | ow mbrane Hodu Shown i I'S a perspective view
for SxDLoPL A B e o Lo dmasucine,  Soll ok Lm0 SokoLog 1 G
supporting member.
Also, a hollow fiber membrane module unit according to the present invention is
characterized in that a plurality of the hollow fiber membrane modules according to any
one of Claims 1 to 5 are disposed approximately in parallel, wherein an interval (C)
between a center (a) in a width direction of the housing in the hollow fiber membrane
module and a center (a’) in a width direction of the housing in a neighboring hollow fiber
membrane module is no longer than 25 mm. In such a hollow fiber membrane module
unit, it is possible to increase the integration ration per a unit volume of the hollow fiber
membrane module unit and minimize the deflection in the housing due to factors such as
an air bubble. Therefore, it is possible to prevent the hollow fiber membrane module

from being broken after long period of operation.



15 nmenbrane nodul e according to the present invention. FIG 5 1is a
perspective view showi ng an exanple for the hollow fiber nmenbrane nodul e
unit according to the present invention. FIG 6 is a perspective view
showi ng a water-coll ecting header which is used in the hollow fiber

mermbr ane nodul e unit shown in FIG 51IFIG 7 is a perspective view showi ng
an exanple for_ a housing in the hollow fiper nenbrane .nodul e ,according to
the present ifNsnamembranednodnle boysingaceoeding tthg PESACRHBYENNGN &Y her exanpl e
for the hollow fiber nmenbrane nodul e according to the present invention.

FIG 9 tcharactenzzdsn dedng arhoilowtdobinmemshapg intwhith a slitiepening sedtivm indthd ow i ber
menbr ane nodul e shown in FIG 8. FIG 10 is a perspective view of the

housi ng1oM3itGdinkISdikezB6n isYoFM&d, b lcerydx 1R6ds Al IRl @ ppBielts tihspemingn FI G 8.
FIG 11 is a perspective view for show ng other exanple for the hollow

fiber ”?é@&ﬁé‘%hﬁﬂ%ghcﬁﬁﬁﬁS%ﬂb&%e{:tgo&iﬂ‘%{uf’fo&;ﬁ&gném{%@ idf "And 'ﬁle%d%}?i S a.
cross sectron i n the housing in e holTo I ber nmenbradne nodul € shown in
FIG 11. FIG 13 is a cross,section viewed sn a Ii,neé;@l\;J - XIll shown in
FIG 12theqpeningsegtionneregses by PEssing the eRnYEX fanes horizpataliyfrom she housiiign i n
FIG 12. FIG 15 is a perspective view of the housing which is used in the
hol | ow fi ber Bgmisingrsechratobsing foowre hollof fibermembiat mbulesit as pasdibletioew of an
end cap which is used in the hollow fiber menbrane nodule shown in FIG 11.

FI G 17ihrote theqitbddtRy OfF iR oo G5 ndmisiind motbgled in the hol [ ow fi ber
16 menbrane nodule shown in FIG 11. FIG 18 is a side view show ng ot her

crample 1or UHReERd RIS | 8o 455 Lo BRIl koM LRI RBT I Sarmol

shown in FIG _ s a fr VI ew | or the end
FI G "209F edliSE patand & siieah L S RG GE DY TERSp BY PORESHE hERYSUNR 1 | ber
menbr ane nodul e according to the present invention. FIG 21 is a cross
sect i onitfip possigi¢ to erihapcethaintpgratiomratigavhengbe bellaw fiberempwbtapgymodule is
assembled to be a unit.
A second aspect of the present invention is characterized in that a membrane
module comprises the membrane module housing described in the above aspect and a
filtering membrane. It is preferable that at least an end section of the filtering
membrane is fixed to the housing by the fixing resin under condition that at least an end
section of the filtering membrane is inserted from the opening section of the housing, and
the opening end section in the filtering membrane is maintained open. In such a hollow
fiber membrane module, there are few cases in which a filtrating membrane is broken or
crushed; therefore, there are few defect products.
Also, according to the second aspect of the present invention, it is characterized
in that a method for manufacturing a membrane module having steps for pressing the
convex lane section horizontally from the membrane module housing described in the

above aspect, increasing the width in the opening section, inserting an end section of the

filtering membrane from the opening section, and fixing the filtering membrane to the



fiber menbrane nodule shown in FIG 11. FIG 22 is a cross section viewed
inaline XXII -XXIl shown in FIG 21. FIG 23 is a cross section for

expl aining a nmethod for manufacturing the hollow fiber menbrane nodul e
shown in FIG 11. FIG 24 is a cross section viewed in a line XX V-XXlV
shown in FIG 25. FIG 25 is a crossl3ection for expl aining a nmethod for

manuf acturj ng the holl ow fiber nenprane nodul e, sh n FIG 11. FIG 26 is
a cr ossh%’éﬁ‘ﬁi%fyﬁn?/ﬁéﬂ‘gifﬁS‘&Whi‘lﬁénWm gl segtionpt piediltesing memprape s 5

per spective view show ng an exanple for a conventional hollow fiber

menbr anepeningul Accoidiag BGucls a mannfastirmganétbed, iinis phssible ts magufacturdhe
conventional hollow fiber nmenbrane nodule shown in FIG 27. Best Mbdde for

Carryi nighlfo fibdraneibiané inedulsieiedtiEinRVIAsIE tHerd AYSTEY ic@fRs i whithither expl ai ned
in detail. (First aspect of the holl ow fi ber nenbrane nodul e) 17 FIG 1

is a PeL SR ﬁé- V‘ﬁlb\‘ix{%"i’s% qc\%ggc gheedxarrpl e for a hollow fiber nenbrane nodul e
ﬁo h?e presen ltqll on.

according i nven FIG 2 is a cross section in the
housing in the hollow fiber nenbrane nodul e sho in FIG 1. A hqllow fiber
menbr ane mduﬁéhléasgﬁf}r thepreesny IVEAiien §@sh031%bval er gpempiaRg ﬁgsm%@ea hol | ow
fiber menbrane bundle 14 in which a plurality of hollow fiber nenbranes 13
ar e bunilveldclaboth eptieef holkrw Sbet noempbraie bimdié wihschaare frived byrbuadlimghal of t he
housi ng 32 having a processed-water exit 36, and an end cap 38 which is

attac heﬂufﬂﬁt}aﬂpﬁdlm bt démbrafe AOAISicROard Fixel k@ UbusindbP s BixaRdeyiat er exit.
Here, the hollow fiber nenbrane bundle 14 is fixed on the housing 32 by the

fixing i . it . k he undle 14 is
| nser et e CHeAYL LLARub B ad ARl oA FERMANM O 5,
fiber nmenbranes. 19 is maintained.open. The housing 322 is. a hollow col umar
renber REUPHGCcte RobSng BorRaRE G PRETRh Renn TUPreh WhiB ARG | nner pat h
41 which is fornmed in the housing 32, a slit opening section 42 which is
formed $agtien pHihgiholawfiber diembrariedrndle isinsertédinto tie hohsingeud g girani t 43,

weirs 44 which are disposed unitarily with the housing unit 43 on both

si des owhichar©fsemed gn doth didds ofZhd dpepiigadebitdn s dshotbbarulenwhltisect i on 42, a
resin pouring section 45 which is sandw ched by the weirs 44, and two | anes

o BB el s 0 otbebiniebPua o balghatt ot Pousi
whi ch Sggn%\éwfr(%)rr]n %h%%ipi oFfe ngarltbrc}d)lr1 %‘dwalﬂg rtl(laefreoturt]seldé’.ve iIgls'suc 4a g(r)l?oxir fber din
membrane module, it is possible to remove almost of the defect potting which is caused
by factors such a an inaccuracy in the dimension of the housing and a fall of the hollow
fiber. In addition, such a hollow fiber membrane module is superior in the anti-pressure
characteristics because the thickness of the fixing resin is uniform.

Also, it is preferable that the height of the weir body in the hollow fiber
membrane module is in a range of 10 to 90 % of entire height of the weir. Insucha
hollow fiber membrane module, it is possible to obtain a sufficient thickness in the fixing
resin; thus, it is possible to maintain the anti-pressure characteristics in the hollow fiber
membrane module.

Also, it is preferable that, in a hollow fiber membrane module, a ratio between

an interval between a tip section in a weir and a tip section in another weir and an



paral |l el each other such that a side surface 47 on the weir 44 and a side
surface 48 of the housing unit 43 are aligned. Also, the reinforcing rib
sections 46 are forned in parallel each other such that a side surface 48
on the housing unit 43 and a side surface 49 of the reinforcing rib section
46 are aligned. In the present invent 1¥n, it is necessary that a maxi num
width (A in_an 18 orthogonal directiqn t | ongi t udi n direction of

t he hol II%J&F“F’J E@Weﬁ%ﬁ@?%ﬁ{é’ tlpgoﬂwew@ran?@aﬁb%st FtFP"aoaf]c?r‘bS%'é'Ssléé‘ti on
which is orthogonal to a |longitudinal direction of the housings 32. It is
possi bl eange afrlifzthtoe2:1 heln suck grwilpwifibeamemboine hediel it swobsiblerto pewtthane

nodul e 31 when a di stance between the housings 32 in the hollow fiber

menbr an%@?iwsﬁa info the résai poingadctiaedsBy hhd rddicethRc8hfinddd ndmbeethend t he
maxi mrumw dth A in the housing 32 is set no higher than 25 mm and a
pluralit f . f4.ber menbrane nodul es 31 are di sposed and integrated
SO0 as to%g%s%&(&{r#"?gvrelsin'is preferable that the maximumw dth A is not higher
than 20 nm It is npore preferable, that the maxjmum w dth is n hi gher
than 15 mm WA, i1 B PrefSphledhec Piskgtsin e cRETIEI PRV Oks Mol RBFe. podul o
nore conpactly, it is preferable that a cross section in a surface

or t hogorma¢mbrane modiikerig) int aitingabf @ilrte 20inam. | in such aHwllofipbed mentpanel be not

| arger than 5 cn2. It is nore preferable that a cross section in a surface

or t hogonaddule) it Reobsiblgits Helidhad hellgwe Gibérofembranbe Thus itng pSditsdebiilaina not
| arger than 4.5 cn2. A cross section in the housing 32 shown in FIG 2 is

repr esent a€l.; B Ml in:a. di b hogonal to
t he Iong%aﬁﬁgﬁgﬁkgpggggﬁgﬁhggrthebﬁgfkg&ﬂépﬁg?h%gﬁggéﬁggh&gn?ﬁﬁ% Cross
section(ﬁéthogonal to the longitudinal direction in the housing 32 and a
maxi mum SWPFEEY 85 t he 1 ongitudinal direction in the hollow fiber menbranes
13. Here, the cross section in the housing 32 includes a cross section in
the hol | ow fi befourdraspest@f thepresent inventins img hallow dbeemembrasgmiadyles éict i on 45
in which a fixing resin 3 5 is poured, and a concave section 50 which is
sandw chigdhdryctefiged inmiedt ap@hdh cdlisantdcliddao aeledftahend @f tHethohgingiios 46 in
addition to a cross section in the housing 32 itself. In the present
i nventi i Lol ; ' [ ' j 32 is
ot | ar gae R e B eSO o 0
19 the I mup def l ectiondn the housing 32 to be not rges than 1 % of
the. a s uation Bt Tusefirbie S b Gul 83 n 2o SLRePEH o1yt Bl 8BS e
deflection jn the housing 32 .in the . . o

membrane is fixed to the housing by a fixing member made of a fixing resin in a

water-tight manner.  Also, it is characterized in that the fixing member fixes the hollow
fiber membrane on the housing, and the fixing member fixes the end cap on the housing.
Such a hollow fiber membrane module is superior in a mechanical strength in an area in
which the housing and the end caps are attached together.

Also, it is preferable that, in a follow fiber membrane module, the end cap is
provided with a small lid section which is inserted in the inner path in the housing, a
large lid section which contacts an end surface of the housing, and a connecting section
for connecting the small 1id section and the large lid section such that an area in a cross
section orthogonal to a longitudinal direction of the housing is smaller than an area of the

small lid section, and the fixing member is filled in a resin pouring space which is



| ongi tudi nal direction of the hollow fiber menbrane 13 which is caused by
factors such as an air bubble which is generated in an air-diffusing pipe
when a highly contam nated water is filtrated by using a hollow fiber
menbrane nodul e unit which is formed by the hollow fiber nmenbrane nodul e
31. By doing this, it is possible to Festrict the sag in the hollow fiber
menbrane, therefore, it is ppssibl prevent the entangl enent of the

ol | ow bisead GegweRrcAiarper R avaiCot e BPRGEhe pothior OF BEerieAB AhE rodul es
31. Here, the maxi numdeflection in the housing 2 is neasured by a

f ol | owi ngnerperiplery wallrofsbardusingt hén sedhl aelallosnfibgriveethbrdné moduisatherendg t he
deflection) First, as shown in FIG 3, both ends of the housing 32 which is

to be ﬁ&%gﬂdr@@rafeﬁt_ealmmbéiﬁg réiovedSrdi elid haigingathuis Yhe ehd cepidie fikéftoa hol | ow
fi ber menbrane 14 is di sposed downwardly, and another housing 32' is put on

a base mass of the another housing 32' is not applied to the
housi ngﬁgezﬁé{/\ﬁlnléfg?&sm?o be nmeasured. Next, 0.05 kg of weights 53, 53 are

suspended in every of | rval s between.an end of .the housing 32 which
P o be. meas gt aiguiRaTsetehRE HiFs S NRBRD (G A el S TR
measured. After that, a straightedge 54 is applied on an upper surface of

t he houdphmamHacititing aibpllew fiber membransdnoduleihas sensdobeanainingttheopgping s
surface of the housing 32 which is to be neasured and the strai ght edge 54.

Fi nal | y,end se@itinrofthe/Bollegy fiberthembdaay i the hloasiag frofm thefopadiflg ssctian RepicHum
defl ection. Also, a distance between the two housings represents a nmaxi num

i nt l; (3 \ i 1S (L= fib
oo and® RO o £ 0o JEhGHABiER IR AgRng en Ui the sl S oen e tuo
h [ ] | h of .th | | fib nbrane .bundl e .14 whi ch
0" i Cpashitbaing T foMraet e MEseRaoui pRBOsa R W and o1 ¢

hol e t hrough which an end section of the hollow fiber nmenbrane bundle 14 is
i nser t ederipheryof thaeneningtsgction, fixing the pplbow fikpr mempeane pnvtheihopsing. t he slit of
t he opening section 42 which is fornmed in the housing 32 is determ ned so

t hat t heooadhg adixingdresinirtoithersinpouting spdcecalnich & fonaed betdetn thelousiagde of
the housing 32 and the holl ow fi ber nenbrane 13 can be supported by a

pressi ngmHQﬁ&éhd’@p?ﬁhd fxiag tid Glacaplon tH@H&dsfng?Q Loffhg {Psueh dSethdieropol | ow
fi ber menbrane 13. The slit wdth in the opening section 42 differ

2E0L ! A oA e RSO Heb el FBAREA0E e, >

€ openrng sectron a ‘specific

val ue. Fgr exanple, the slit width in the opening, section 42 shoul d

pr ef er ab‘ﬂ%ﬁr Fembgang maﬁg%iarm@ 3 SURESics TRPHACALSITENEE 17 30 p6ea pwbiFhdhe as to
prevent an overhang of the fixing resin 3 5. The height of the weir 44
shoul d progsigg abd yheendigapharsattacheddogeiheraasily andefBciently.

Brief Description of Drawings
FIG. 1 is a perspective view for an example of a hollow fiber membrane module
according to the present invention.
FIG. 2 is a cross section of a housing in the hollow fiber membrane module
shown in FIG. 1.
FIG. 3 is a perspective view for explaining a method for measuring a deflection
in the housing.

FIG. 4 is a cross section in the housing as other example for the hollow fiber



characteristics which is required for the hollow fiber nenbrane nodule 13
and a stability in a fixed section of the hollow fiber nenbrane bundle 14
are satisfied by the fixing resin 35 which is poured thereinto. That is,
the height of the weir 44 should preferably be in a range of, for exanple,
1to 20 m More preferably, the heiglrﬁ of the weir 44 should be in a range
of 1 to 15 mm By the reinforging rib section 46, it is possible to design
a st rengtembranemy d%%ﬁ%%ﬁ“@?&? FRPGEVEEIY, as to set a the nmaxi num
deflection in the housing 32 to be not higher than 1 % of the distance

bet ween t he t{G reisghipsspenyvaoigwi shgwigPan exampde foolthobpliav fbemmembrne nodul e
32. A shape of the reinforcing rib section 46 is not limted in a shape

whi ch i snodRWit dbcbidengdiodné Eﬂ}%emmnﬁbﬁpe_ can be used as long as it
i nproves a strength of the housing 32 against the defl ection. 21 A length

of the housin ' ' Wals . di ] | ' : frerably in
a range by ngﬁ% Lst} ér%%éﬁﬁgq‘gg%% %Hé':?\}m hé"z}\({‘\f |rs@5}§t§qgr1d§eta§%%gﬁgéﬁgﬁ%fi iq%ns. I n
order tg enhancg the integration ratio of e_hol |l ow fi ber nenbrane nodul e
5195 | Brralont ot ol O IR GBI FISabl y b no | ess than 500 mn
More pref erabI}/, a length of the housing 32 should be no | ess than 1000 mm
However, ther BlGs7 as aqsespeetivenview showiing eeeyampleffor al housiogriagh¢ hokowhe

maxi num defl ection with the above range when a |l ength of the housing 32 in

t he | ongibbuslemblandiniciuld aitotding W@e prdsb@inéionm | n such a case, as shown
in FIG 4, it is possible to dispose an engagi ng section 55 which is forned
by {wo_convexgt@ngsisf or, GHARMO%idh ShENY Biller HBRBIL KASHEPRORLw Hhepavi ng
T-letter cross Section on‘an Inner surface of the reinforcing rib section
46 whi ch fabces thg concaye seﬁ%ipon 50.in the longitudinal direction of the
housi ng MEmbrale ypdys 2pepjding ie thePressbiviy @ection 55, it is possible to
support and strengthen the housing 32 by the external supporting menber 54;
thus, it is p&igi gllé 3 grosedhgetion e thiethpusing ovhich is weechdudhardoldow fikare, the
external supporting nenber 54 is fixed on a tank on which the hollow fi ber
menbr anenemtdahemodule shewnlisPlseadd, a frame nenber (now shown in the draw ng)
whi ch surrounds the hollow fiber nenbrane nodule unit. It is sufficient if
the engagi ng $eGtiew §?eﬁ?§ctﬁef\}¥éwtdf(?ﬁh héls RRRALS ged HEthRAlolIBW fibdrer
menbrane nodule 31 which tornms the hollow fiber nmenbrane nodule unit by a
fixing sectti) on exgelgtsht he.hﬁigé%w fi ber menbrane nodule unit. The shape and
the di mMHeTBASTOMN e?'n‘&'&&f 'section 55 is not limted specifically. As
shown in FIG 4, the engaging section 55 is forned to be two concave | anes
whi ch expand FKGt bk 1§ Bigrpaciiveayiew foe shpwingagtherexapple forgthg hollewalibero f ace
each other such that the two

membrane module according to the present invention.

FIG. 12 is a cross section in the housing in the hollow fiber membrane module
shown in FIG. 11.

FIG. 13 is a cross section viewed in a line XIII - XTIII shown in FIG. 12.

FIG. 14 is a cross section viewed in a line XIV - XIV shown in FIG. 12.

FIG. 15 is a perspective view of the housing which is used in the hollow fiber
membrane module shown in FIG. 11.

FIG. 16 is a side view of an end cap which is used in the hollow fiber membrane
module shown in FIG. 11.

FIG. 17 is a front view of an end cap which is used in the hollow fiber



concave | anes sandwi ch the external supporting nenber 54. Thus, it is
possible to 22 connect the external supporting nenber 54 having a
T-letter cross section and the housing 32 reliably. Also, it is possible to
attach and detach the external supporting nmenber 54 with the housing 32.

Al so, for a method for fixing the engﬁbing section 55, various nethods can
be used such as a t@ﬁg inﬁﬁyiﬁh t he engaging section 55 is fixed to the
r ei nf or B1EMPranemedle shoym F16- e housing 32 by using a bolt and a nut, a
met hod in which the engaging section 55 is fixed to the reinforcing rib
section 46 byFEGhbhisi sgjde yiavashayingwthes exemplevfer therapdogaprshiclyis usedrina
menber for the housing 32, any nenbers which have a physical strength and
dur abi | klieyhotidmw filserus@nbrai®modul@shb®n in FIG.Sl1possi bl e to use pol ycarbonat e,
pol ysul fone, polyolefin, polyvinyl chloride, acrylic resin, ABS resin,

modi fied PPE gRgl YPRENHLANGew HoWing diher éxagﬁhé;%g?ﬁesﬂdycatp%m%% i igC’“Si ng

after it is used, it 1Is pre?eraﬁe to use rocarbon‘resin suc s a

pol yol ef.i i ch can be conpl.ete bur .t hout generating a poi sonous gas
when it ﬂ?egh%r“h&t.’erl%‘?‘&raﬁe roduiers g\?(/ﬂi"b I(i}'\é\hused in the hollow fiber

menbr ane nodul e according to the present invention is not limted to the
structures sh&la 2 is e parsaodtivgsviaw shomwgngiothaicexample dgr the poldaw delrwi th a
resin pouring section in which the fixing resin is poured, an opening

sect i on nidnitomgmable Aceordidgdo segiresent miveiition. hol | ow fi ber nenbrane bundle is
inserted, and an inner path which comunicates to the hollow fiber nenbrane

and sati sfi esFid??Z]L%%rb?sdseehﬁﬂe teegpiaﬁ{ihgﬁ-mel%itmé@fori:ﬁanhba%tdmn $he8olisw

sufficient strength against t ect| I's not necessary to di spose
areinfqorcin ib section. Als a,shape of the cross section in the

housi ng%irbgr gp%fal%t?%cﬁﬁ‘?‘gméﬁ?' qilg'tllgr shape as shown in the draw ng. For
exanple, it is éossj ble to formthe cross section in the housing in various
shapes such af§T@y33 isararesisectinn vigwedhin a BpriX¥I-XddbshosteipdIGHEE e, the shape
in the cross section of the housing should preferably be in an approxi mate

23 Hletter b&tGuakisaf crbsd seotibm fpridxphiningaswnbod farmsdnufacturing the balkse an
efficiency in handling the hollow fiber nenbrane nodule 31 in the

manuf actpel RSnBERARSRSRIe SRWG FIgRipved by sandw ching the hol |l ow fi ber
menbrane bundl e 14 by the opening section 42 in the housing 32. Second, it

is because it 4 i . sef. . hj i 99%{‘ rati f..t he hol | ow
fiber nmenbr angJI (?'ro%)‘gﬁzd %§563| stﬁ&fine‘;lﬁ%%fglvé ??%%a(?érre rgggo“r'r%%{uﬁéf L%r%l t in a
desi gnin rogcess._ Third, it .is _beca the strength in the housi 32
agai % st ? hg %Ié 25 is a cross section for expﬁl?rﬁng a methode fo% manutacturing tge ioﬁlgw
fiber membrane module shown in FIG. 11.
FIG. 26 is a cross section vied in a line XXVI-XXVI shown in FIG. 25.
FIG. 27 is a perspective view showing an example for a conventional hollow
fiber membrane module.

FIG. 28 is a cross section in the housing in the conventional hollow fiber

membrane module shown in FIG. 27.

Best Mode for Carrying Out the Invention
Here, the present invention is further explained in detail.

(First aspect of the hollow fiber membrane module)



defl ection can be enhanced by disposing the reinforcing rib section 46. As
expl ai ned above, an efficiency in the handling in the manufacturing
processes for the hollow fiber nenbrane nodul e can be inproved by using the
housing 32 having the above features when the hollow fiber nenbrane nodul e
unit which is forned by the hollow fibér nenbrane nodul e 31.

Si mul t aneousl possi ble to set the integration ratio of the holl ow
fiber membr aniﬂ%hm 8 pS'fFPFWV& Hewishoving %%ﬁﬁge fory hellayy fibesymempeane
menbrane 13, various hollow fiber nmenbranes which are based on cell ul ose,
pol yol efmotdufmbgeording tatheopresent Bividhtiémol Kikkt2hisla creshsectigh a ee, hqueingsiul f one,
and a fluororesin such as PVDF(pol yvinylidene fluoride) and

PTFE( poltiyd RiIIGW fib& methbiahe ARluleshBRAliAIFIG, 11t is preferable to use the
hol | ow fi ber nmenbrane which is formed by a nenber having tensile strength

and el ongatio | en filter hole, a
vacancy rati orA ts"lnél(ﬁg nZ‘é’gr gﬁérxg}ngga'ﬁg&lekgl agp ﬂh?‘gﬁ'&t e?’pﬂfeast ﬁepzﬁgquh

fiber nbrane_are ? imted specifically. asjgng as the hollow,fiber
menbr andOB$IAZH 2,13 bgl Mrﬁb&rfm‘fmbram RYDHE g Wnwhichdy Plugalitp of hollpw Bharer

di anmeter of the filtrating hole may be in a range of 20 to 2000 p. m The
hol e di amenhbranesal3 &re bundrdraaragsheetf af e6d tap 37 Whichhis aftachedawmarcynd af the nmay be
inarange of 20 to 90 % The thickness of the menbrane may be in a range

of 5 toh3Q6in@M2 havi Z%E%o@smlwﬁw Exibeb, ARITEY 3nE cByBE!wehidK is andtdbd @w i ber

menbr ane bundl e wh is fornmed by dr aw ng a holl ow fiber nmenbrane 13

1 DLY SROURP HE S i b find 52 WiboIPAWAGLUALIALPEIE 19 IEIABL B8, NO! | ow

fiber Fane nod € to usé a h nmenbr ane
bundl e which is a knitt.li fabrlc by .using t Q||0Wfl rrerrbrane 13 as
a weft dRembrapg PBWhPllﬁéF disnhe bobsing éﬂmt@ﬁ Xing st H?d?faﬁpé‘ﬁit‘r?@ a

plurality of the above knitting fabrics. Here, the hol | ow fi ber menbrane
bundl e whitche helléwfibed nipmbiraneebundde 44 pd insertéd in the hohsing 32 tandrag dpsbingcs
i ncludes a hollow fiber menbrane bundl e which is fornmed by folding the

kni t ti ngnllabgtlons] 9 in thhelpv fibér éBblaaeg! Niswhdibaliedoptdi Nng the knitting
fabrics. The knitting fabric i s | ayered (folded) according to the thickness

f the holl j bri

such as a tﬁfﬂﬂe%‘* R SR e R S T e e
nb 13 f th k t A f bl

That ¢ nds Riavdadyh Abpay erﬁﬂer Bt 4339?@@5058&31@@6&%&35@%% o ebiios For

a fixing resin 35 it is possible to use, for exa epoxy resin,

unsat ur #eeiPnt yb@betr farmed in 2 pasigjtudisehdirestipr.on g su F¢€i @fdh@hwylgvmh‘& mel t

resin. It is possible to choose either of thempreferably. Al so, the
Vi scosi tweitsf44 Which iard digpased unit&Hy withathe bousing unin43 haboth sides of the

opening section 42 in parallel with the opening section 42, a resin pouring section 45
which is sandwiched by the weirs 44, and two lanes of reinforcing rib sections 46 which
are formed unitarily with the housing unit 43 in a longitudinal direction opposite to the
opening sections 42 which sandwich the inner path 41. Here, the weirs 44 are formed in
parallel each other such that a side surface 47 on the weir 44 and a side surface 48 of the
housing unit 43 are aligned.  Also, the reinforcing rib sections 46 are formed in parallel
each other such that a side surface 48 on the housing unit 43 and a side surface 49 of the
reinforcing rib section 46 are aligned.

In the present invention, it is necessary that a maximum width (A) in an



the fixing resin 35 is not solidified is not limted specifically. It is
preferable that the viscosity of the fixing resin 35 should be in a range
of 500 to 500 nPa~s. More preferable, the visco sity of the fixing resin 3
5 should be in a range of 2000 to 3000 nPa~ s. As long as the viscosity of
the fixing resin 35 under condition tHat the fixing resin 35 is not
solidified is t less than 500 pRPa~s, the fixing.resin 35 does not flow to
t he opeﬁrtﬂgs%wﬁggawaﬂ alepiivding d%ﬁﬂtwaw?fhedpﬁfowb%ra?rénbfsr}e thitdio t he
fixing resin 35 does not seal the opening end section 19. Al so, as long as
t he vi sdenget thaoR25tm if iaxcrosy seasivinrvigsh ismithogonal de ailangitutiaal dikestibn »f ng resi n
35 is not solidified is not nore than 3000 nPa~s, the fixing 25 resin 35

can per M@smg@ NQ. artps posibld ¥o @fhahcd themtédrbGsn AEIBIIFAReholBwesdr! Y. The
fixing resin 35 is solidified in the opening section 42 having a narrow

w dth ang i, &88&1@ 39%%{1%&2&&& Bwéen tﬁgﬁb@ﬁnﬁ iﬁBQﬁ%MﬂM‘ pdherefore,

the cross section of the fixing restrnis iIna nvex shape. By form ng the
cross section in the fixing resin 3 5.in a cgnvex shape, jt is possible to
prevent %mﬁ%@oeﬂe@ﬂés AagaiA Q@St%maBye%%rahﬁéaeqser@dtth%mﬁmw fi ber

menbrane 13 to the housing 32. It is preferable that an inner path 41 can
fl ow a ufth Alirethe honsing 82 df sevap dighghthant2henmoandomplirdlity ofreotimvafiberbundl e 14
is fixed to the housing 32 by the fixing resin 35. Also, it is preferable

that an meniteandmbluléd 3 tare digidsed yndoinyeprfied s¢hivtodetaamitst IICS pefefabRs an
anti-pressure characteristics which are required in its purpose In the

hol | ow f; 1307 . . Whi hg 2XP! fi: maxi mum
def | ect it%ér%l%llgen The o%é#ﬁ?%?o?élg\rg{gl}t&ﬁ%?g rﬁ?ﬁ.anﬂip&ggfﬁ%eﬂegﬂﬁ?tsl{agﬂ%e bet ween
the two housi ngv%’.; iér.is Qs ib{‘e h?' regulate the maximumwi dth Ain a
di rect i SHHRPERVAh Byl HB@H& & 1 th®M-ongi t udi nal direction of the holl ow
fi ber menbrane 13 to be not longer than 25 mMmin a cross section which is
ort hogonal t o Alkm formpurpas toalesigh thechdliow Glertrmembrensinedulgmetad enhance t he
integration ratio of the hollow fiber menbrane nodul e per a unit vol une of
t he hol lcowiphttbeit ispréférable thmduwressiysdtion iAlasarfacd ortlfogonsi b hedohgitudamdl ri ct t he
ent angl enent of the hollow fiber nenbranes w thout causing the deflection
in the REHsHGHindHE hbid P93 HoulEHERotaARoB theh 5 PP nfdp& bref@atiB bR for

'l ow fiber rrerrbraﬁe nodul e 31 is explained. First, an

manuf acturing the ho
end sectjon of.the holldow fiber nbrane, 1 ich.faor he. h ow fi ber
rertbr and G0 aten s o oradR orpoRhel TR BRERRE e o The AR Sect on of
the hollow fiber nmenbrane bundle 14 of which opening ) ]

should be not larger than 4.5 cm” A cross section in the housing 32 shown in FIG. 2 is

represented by a product of a maximum width a in a direction orthogonal to the
longitudinal direction of the hollow fiber membranes 13 in a cross section orthogonal to
the longitudinal direction in the housing 32 and a maximum width B in the longitudinal
direction in the hollow fiber membranes 13. Here, the cross section in the housing 32
includes a cross section in the hollow fiber membranes 13 in the housing 32, a resin
pouring section 45 in which a fixing resin 35 is poured, and a concave section 50 which
is sandwiched by the inner path 41 and the reinforcing rib section 46 in addition to a
cross section in the housing 32 itself.

In the present invention, it is necessary that a maximum deflection in the

housing 32 is not larger than 1 % of the distance between two housings 32. By setting



26 end section 19 in the hollow fiber nenbrane 13 is cut is inserted in the
openi ng section 42 in the housing 32 such that the opening end section 19
in the hollow fiber nenbrane 13 is disposed in the inner path 41 in the
housing 32. Here, if a slit width in]bhe openi ng section 42 is too narrow
to insert the hollow fiber nmenbrane bundle 14, it may be possible to use a

met hod M A i G [ : i i of the
ol 1 ow T e R S A ) B AR er e
end section of the hol l.aw fiber. menbrane bundle 14.i ont.ai ned i,n the
ous: nobBeenig st 3 s PasiolF B Tethict (F APUGio i e HBUuRE dn g
section 45 and the opening section 42 fromthe outside of the housing 32
whi | e nignsitadingldirectien ebgibalowribes aembsne1ls whish iscauped biefagors 8ihf i ber
menbrane 13. The fixing resin 35 is solidified; thus, the hollow fiber
menbr angs &ugie bebbild wihichf is genkrated ihan hiodiftusing3fpe svhen a highly contimimatedrenbr ane
nodul e 31 can be obtained. When the fixing resin 35 is poured into the
resinp j i i i ot id le to
%ﬁ"é EF’{"?,‘%%. %sﬁ%e@ﬁ‘gf&\@ ﬁb?ﬁﬁg@&né ‘?rﬁatdb&mbnﬁtzwhnlcﬁ id RrRESbFIRD

use a net | ow menbrane bundle 14 1s opened by

bl owi ng ai.r to the holl i b nbr.ane, bundl. 4 such that .the fixing
Featn S8Se e Setifane Sl 1 bn fEIRE e L R 05 B eI, 44 Bt HBor anes
13 which formthe hollow fiber menbrane bundle 14. Here, a method in which
t he hol heNew fiber mamhiangnidersiorgl ib isppspiblegparengnt the gptanglemeptef the t he above
method. It is possible to use other nethod preferably. Also, it is

pr ef er ahbkow ffiber mhmbeamesih3 ir0thetneghbovmgholicys fiber3bembrade exdniendd. accor di ng
to a shape of the housing 32 such that the fixing resin 35 is poured within
a range whi Chpead) tRematifRedefRitibnth ﬂ’@'hbus‘}gg 2 liemBasubdll By ARJIIBAGnd OF

manuf acturing the hollow fiber nmenbrane nodul e 13 as explained Tor an
exanpl e n nd secti fythe hollow fiber nenbrane 13 is cut to be 27
opened W%Mﬁglg?suéwgqﬁ?ﬁge%cg?ﬁg resin 35 is poured while maintaining the
opening end section 19 to be opened in the hollow fiber nenbrane 13.
However, a nethod for manufacturing the hollow fiber nenbrane nodul e
according to the present invention is not limted to the above nethod. For
exanpl e (Methodfopmsasubing theodgfleoparye a net hod i n which an end section of the
hol | ow fi ber nenbrane bundl e 14 of which end section of the hollow fiber

nmenbrane 13 i gireQhs Shofwi il FIAY 3/5th efds dTIRE hedbigB 2 Which @i begmeuredhe fi xi ng
resin 35 is poured and solidified such that the fixing resin 35 does not

overfl oy Jﬁ?g!’éﬂ%x g\?\l}éblog%nré %é%gﬁ él%;gg}&ttggmgew%ef fhe&%}’a‘?x%g%% entire end

section o r‘ane I Xing resin in the inner

path 41 dlls%oge tdotvg eatrd (;,‘,’r and z}nrc])tl}ep ﬁo&s‘i‘r(ljg 35 Cig Ipl(i)tnon a base 52 such that a mass of the

another housing 32’ is not applied to the housing 32 which is to be measured. Next,
0.05 kg of weights 53, 53 are suspended in every 5 cm of intervals between an end of the
housing 32 which is to be measured to the other end of the housing 32 which is to be
measured.  After that, a straightedge 54 is applied on an upper surface of the housing 32
which it to be measured, a distance between the uppers surface of the housing 32 which
is to be measured and the straightedge 54. Finally, a maximum value of the above
distance is defined as a maximum deflection.

Also, a distance between the two housings represents a maximum interval

between the neighboring housings 32 such that the hollow fiber membrane bundle 14



of the hollow fiber nmenbrane 13; thus, an end section of the hollow fiber
menbrane 13 is opened. FIG 5 shows an exanple for the hollow fiber
menbrane nodul e unit according to the present invention. In the hollow
fiber nenbrane nodule unit 60, a plurality of the hollow fiber menbrane
nmodul es are di sposed, and the housi n2®2 is di sposed to connect thereto by
a water-collecting header 61 unitarily, FIG 6, shows an exanple of the

vat er - c SPeeRatibend.nc Bt s, @ﬁlstwqerb@twnw‘w hausings sepreseatsAigustd ofthe 60. The
wat er-col | ecti ng header 61 having a cylindrical shape is provided with a

pl ur al i thgllo® fibenmeatbrag bundkes] 4 which indiemdsed fetirvaeeh e tpodoasiagd3at er exit 36
in the end cap 37 and a water-collecting path 63 for flowing a filtrating

wat er thereing enﬂ:%eseét%mfs'a%it h@ie%hr%%gﬁ%%cén én@ sE&?oMth@ﬂblid\Per
menbr ane rmdul 1 so as to be forned unitaril

header gbe §§1t é%%a%*“d@?#ﬁ ARG A e ik PR L “‘Eﬁﬁﬁfﬂéﬁm@ aigfig | o

drawi ng),. i preferable to useamanfold wat er - coIIectlng header
61 becadhe; Stllt pgth,s&@gmagéeqt@ncf@n\ﬁ@eb isfopmed w the flowsing,d2 Isgigtermarad sRenbr ane
nodul es 31 2% unitarily and easily so as to be fixed. There is no

speci f i ¢hdtithe hatovofibéranembtane bondle 14tan beinsertet fromloueside ofghébading 81 as
long as it is possible to extract the filtrated water fromthe holl ow fi ber

menbr angngRih@Rwhber temt¥af®13 tiEbd@lppeited bp%rémﬂgmewmdﬁke unit 60

shown in FIG 5 is fornmed by di sposing the edge end section of the housing
32 int e ting

header gﬁﬂ%nﬂg\%& 19% ayﬁ@é?ﬂ‘?ﬁﬁ% l%t%‘hé&% @%ﬂgxﬁé \(lzﬁogrllltg‘ﬁhtl[hﬁg housi ng
32 are fjxed by the vvat r-collecgting header, 61 in t h w fiber menbrane
Todul 6 h§ PPAHE Fection %ﬁé?%raaw@msﬁ%fhet%er.%r%?terafrf tF@?O@M ¥ a center (a)
in awdth direction of the housing 32 in the hollow fi ber nmenbrane nodul e
31 in t heerhiphhos,fthitds, thesksrvedd insbieibpening secBon 4 nwt tientedrin g apcifin a wi dt h

direction of the housing in a neighboring hollow fiber nenbrane nodule is

no | ongefhfehalFo? axdiipls aheslitwidtteial the Bpénidy §afion ummn@f)t&aamme% aFor that
pur pose, the |nterval C should nore preferably be not [onger than 20 mm

Furt her {£5 y ﬁt\&qr M-'fseiﬁéf)%lseo%osﬁgtl gge\}éﬁt vek it g%’gtﬁé-ﬁ’ﬂn 5 nm

Al so, I pre era at the inter nong t e nel ori ng hol | ow

fiber rrenbr 31 are.u orm so. as, to | i a uniformeffect due
to the ar:%lnggbbﬁrﬁﬁﬁelgﬁte?é{l? b 4P meer Dy B BER SR AR OB G ¢ 60,
it is possible to chose various factors preferably such as a nmenber for the
hol | ow fohpeactenisties wikich 13 equired fiop dhe lnﬂlowwgbqﬁmmhmm peduledAand astabditul es 31,
a di nension of the hollow fiber nenbrane nodul e

in a fixed section of the hollow fiber membrane bundle 14 are satisfied by the fixing resin

35 which is poured thereinto. That is, the height of the weir 44 should preferably be in
a range of, for example, 1 to 20 mm. More preferably, the height of the weir 44 should
be in a range of 1 to 15 mm.

By the reinforcing rib section 46, it is possible to design a strength in the
housing 32 at any value so as to set a the maximum deflection in the housing 32 to be not
higher than 1 % of the distance between the two neighboring housings 32 in the hollow
fiber membrane module 32. A shape of the reinforcing rib section 46 is not limited in a
shape which is shown in the drawings. Any shape can be used as long as it improves a

strength of the housing 32 against the deflection.



31, a dinension of the hollow fiber nenbrane nodule unit 60, and a nethod
for cleaning the holl ow fi ber nmenbrane according to each condition such as
t he purpose of usage, a space to be installed, and a filtrating capacity.
In such a hollow fiber menbrane m)dulf]aunit 60, a plurality of the above
hol low 29 fiber nenbrane nodul es 31" are di sposed so as to be | ayered and
unified by th r 4 i . oLt S ROS S 1 i gher
i ntegration r%l}é@éﬁﬁ y fgl?édlléogl?g]ﬁ:%g] ngﬁ%@égl@d&{%&d déﬂfg%%nlgze{%h@l%glp?%a })Jt;er
menbr ane nodul e easily. (Second pect of ,the hol |l ow fjber nenbrane nodul e)
FIG 7 Shomes byonr i rﬁﬁaw@ §§‘%S%ﬁ?§4ﬁf5§b%‘éeéi9nfhr‘i1°§&sel(9c%éeré§pect of
the holl ow fiber nenbrane nodul e according to the present invention. The
housi ng eBlRanics tle intdgrasiongatioinfithe hotowdibeh oembgarermedule’d t,erlesgthpétheni ch i s
provided with a hollow inner path (hollow section) 41 which is formed in

t he housbidng?32 skould pief@RBIYbaGhoSeskithANSFPm) i NlofeSpréfefabBel adéhgth sEheace of
the housing unit 43 in a longitudinal direction, weirs 44 which are

di spose(ﬁggﬁbég%%ﬂgélﬁ%Q%H%Et%q%agmﬂnit 43 on both sides of the opening

section e opening section 42, a resin pouring section

45 which is sapdw ched by the weirs 44, and, | anes of reinforcing rib
section 46 (cgkwyz/em shiee éc‘iaiS%H’s‘)V[l\Rhi“c‘ﬁV&W@‘%MB’W%‘%FHCI"Q&WPW t he
housing unit 43 in the longitudinal direction opposite to the opening
sect i on dé¢flectivinohitls thedhpvhrange wben atengtipaf the housinied2in thadongitudimatd are
formed so as to be in parallel each other such that a side surface 47 of

t he wei dirddticinid [Gngek GRAnD000 ate. 45 fichakasd)aysioddh MIFIG. 43t & possiblegoed. Al so,
the reinforcing rib sections 46 are forned so as to be in parallel each

ot her s %Pg?% %@égﬁg%gﬁtgﬂ SCHhith iﬁ%orfn@&’ bg?\% ic&gve%%.r{esﬁa' &%g%lgg El%ede surface

49 of th section are rgned. In thrs 32, the

openi ng secti.on 42 .applies ressure on the reinforcing rib section 46

or 1 2o eI YA| St R RBEr S, PRane B e Sestion ba e net o Tt °f he
reinforcing rib section 46 on which a pressure is applied becones a power
poi nt 64¢infyreging rivrseatysr dx Whishdacesiheeonsavessegaon S& i the dengitdinpkdirestionng uni t
43 which is disposed opposite to the opening section 42 having the inner

pat h t hesfetehoming 32ec Byedisposingl suehian engh@gifabsectldies £fiis possitle topgportg secti on
can be w dened. The height of the reinforcing rib section 46 is not limted

speci fi Gallsengthéh MEhBHIn®52 bhehd Shdth'stppsttihg thepfbet 5@NHhAS it is Reisﬁil@r abl'y

not lower than 5 mMmmso as to realize a wdening function of the opening
section tg’ %ecpu& Eh%ede?l%gt%nnﬁ tg'e2 hou'\s{tljnrge329 ' Eijle%,atgcle xkte}ngiesupporting member 54 is

fixed on a tank on which the hollow fiber membrane module unit is disposed, a frame
member (now shown in the drawing) which surrounds the hollow fiber membrane
module unit.

It is sufficient if the engaging section 55 has a function for supporting the
hollow fiber membrane module 31 which forms the hollow fiber membrane module unit
by a fixing section except the hollow fiber membrane module unit. The shape and the
dimension of the engaging section 55 is not limited specifically. As shown in FIG. 4,
the engaging section 55 is formed to be two concave lanes which expand in the
longitudinal direction of the housing 32 so as to face each other such that the two

concave lanes sandwich the external supporting member 54. Thus, it is possible to



hei ght of the reinforcing rib section 46 is in a range of 10 to 100 nm |If
the height of the reinforcing rib sectionis lower than 5 mm it is not
pref erabl e because it is necessary to apply quite a high pressure for

wi deni ng the opening section 32. If the height of the reinforcing rib
section exceeds 100 nm it is not pref2rable because a | arger space for
installing the housing 32 is necessary when a nmenbrane nodule is fornmed to
be a uniconnedhithe exteraalsupportisg memberdtibrdng adelotteneross sertien and Rness of the
wal | of the housing unit 43 should be in a preferable range in by which it
I s possilousingd2gelidbdf.y Ale, iistpossibless uttachchardecich thsbitanall smppdagmenbr ane
nodul e because it is possible to increase the width in the opening section

42 by usj&ibé s4Bkih e Hqﬂ%nEQE.Si %@soﬂ%r%%n&th@d?&'fﬁﬁhﬁﬂh@%n@@ﬂg SecRbR38Ur e IS
applied on the reinforcing rib section 46. The thicknessS of the wall of the

housing unit 43. 5 not,limted specifically. For exanple .the.thickness of
the var 1 vABipbs el S5l 1R Soh Bl whichiRE s TR Sopgt Syl tifeine

hei ght of the weir 44 should preferably be high such that an anti-pressure
char act dPitke feinforgingctb pestipa daiin the oyping 3 biydisingd Baltand bt msthoddBul e and
a stability in a fixed section of the filtrating nmenbrane are satisfied by
t he fi xiwlgch e engdginglseationiss ipfinedtd thhesinfonting ribsedtionsi6 hyhebdedight of t he
weir 44 should preferably be in a range of, for exanple, 1 to 50 mm It is

pr ef er abjRrdtiontand ah&li-Welding HReratiddt of the opening section 42 which is
formed in the housing 32 is determned so that the filtrating nenbrane can

be inserted fr 3 | of: ousi 2 t it nat i ng, nenbrane
can be supportf(e)og] abrrﬁerébegﬁélifshlgﬁau{%é gg a&ﬁﬁ@%mntl%sr?‘g&%ﬂ ﬂlgygﬁtphjlilﬁael%%rfn Eo as not
to crush the filtrating rane. The optimal slit width in the opening
sect i on a0 dyratiiycan beYeet n qrsxerﬂ%leﬂtrf&%gﬂ?gtowéﬁﬁwx%tgw%e used; thus,
the optimal slit width in the opening section 42 is not |limted

speci f i cailysplfoRerpodycdefpl, polyvinyl ohloridel acgilictrestn,dABS iresin, modifieh PR secti on 42
may be in a range of 0.3 to 5 mm The size of the housing 32 can be

adj ust edpafpReslila dtker). ACIFAriS nsdesshrifo BurfiitRehdsing¥Ref itli§ ns¥di igs Nenbrane to
be fixed and a usage of the nenbrane nodul e. The nenbrane nodul e according

o Lhe SHEANIERRGE B dARERE Mol DUGH Al SyRUhELURRkayHlEha:

pressure i's applie e reintforcing rib section hor1zont a romthe
housing 32 so as to w de [ gcti on 42, and end section of the

2h n the ogeﬁlnﬂ.s
filtrati WM SERYARNE & PPISQRAUS 84S PREBHIGHOWRE openi ng section 42, and the
filtrating menbrane is fixed in the housing 32 by the fixing resin 35 while
mai nt ai ni ng t Hderensheuséng whichis used in thethoBowfipermembasne wpduleaccosdivssr di ng to
t he above nethod, a filtrating

to the present invention is not limited to the structures shown in the drawings as long as

the housing is provided with a resin pouring section in which the fixing resin is poured,

an opening section through which an end section of the hollow fiber membrane bundle is

inserted, and an inner path which communicates to the hollow fiber membrane and

satisfies the required characteristics. Also, if the housing has sufficient strength against

the deflection, it is not necessary to dispose a reinforcing rib section.

Also, a shape of the cross section in the housing is not limited to an H-letter
shape as shown in the drawing. For example, it is possible to form the cross section in

the housing in various shapes such as cylindrical, polygonal, and U-letter shape. Here,

the shape in the cross section of the housing should preferably be in an approximate



menbr ane under condition that the opening section 42 is w dened; thus, the
filtrating nenbrane is not danaged. Therefore, it is possible to

manuf act ure a nmenbrane nodul e havi ng not breakage and crush in the
filtrating nmenbrane efficiently. Here, it is possible to use a hollow fiber
menbrane 14 for a filtrating menbrané3 Also, it is possible to use any
menber which is forned as, a sheet for a_ filtrating nenpbrane jn addition to
a hol | ofi-Feftebecapsent dpltowing dhree reagense x Xinst, & is pecause yheldicieney i use a fl at
menbrane which is nmade by a single piece of sheet or a plurality of sheets
whi ch ahandlimgehehollqwW fiberdnermpmae nwidutelfd indhé mandfabtaringprdeesses cambkul e) 32
FIG 8 is a perspective view show ng an exanple for a hollow fi ber nmenbrane
modul e ﬁﬁ@%’ifﬁ’d Bﬂsérﬂv&i@lﬁn fiRSfolbw fibes Mentrand hfadled14 By theDpBfing $6GionON |1 N the
housi ng of the hollow fiber nmenbrane nodule shown in FIG 8. Here, a holl ow
fiber 74 1S 48 L mat. I a .pluraljf. f. housi ngs
72, & nat P IOBBRE dgmo peoshdnf AR iy Rk R S B bl it ber
menbrane 13 is bupdl ed as a sheet, an _end cap.,77 havi ng a processed-wat er
exi t mpﬁﬁlei@llawﬁwﬁwwa%meﬁde 81 in the hollqwifiksr membsane ‘aﬂg‘éﬁamé #pa 78 whi ch
does not have a processed-water exit and is attached to another end of the
housi ngd@dgning poicessw fTibiey it nebdeavsedhé stnetigeh (bahe bodsing=3P againshéhenousi ng 72 by
a fixing resin 75 under condition that the hollow fiber nenbrane bundle 14

i s i nsegbRsttion chil 8 BAKMICEDDY dispingihe @EIANIbidlg @BCkes@sit 40N 19 in the hol | ow
fiber menbrane 13 is nmintalned opened. A shown in FIG 10, the housing 72

is a cylindrigal r Vi . i j shape which is
formed by an 15 ERa 0B aRiaRi s AT RaRhGH, ifdnp s EhuBl 0o
openi ng section 8 ich_is forped on a side of the housjng 72, weirs 84
whi ch aPEPEse tﬁﬁﬁ@iﬂw iﬁbewmg%nﬁ Fabedmgeoved bysing The WS el with
the opening section 82 on both sides of the opening section 82, and a resin
pour i ng 32 davinghe@ghonk ifedturies wham the follow fiter wembrateemadule ynid avhigll iso, t he
weirs 84 are di sposed approximately in parallel with the hollow fiber

menbr angorhibd binthe BBIl6w Sibet Mepbnedistiuld 31 Sinkltanddasly, 8 1s dpdssm tohyebase end
section 86 is connected to the housing unit 83 and a be ding section 89

whi ch beggs - ' : Lde. The
bendi ng sec%%gg%mgga%%ggﬁg h\%&??“@ﬂﬁ@#&?@%ﬁlig@%d%ﬁﬁg ?%?gbé\/g\/'ei r body 87
toward thereoutside, By .such strycture, .the ndi ng,section.89 on the
weit 84 festr Fete Aot HbpomamBymerd: vatichs el SReO bR M ch | s
caused by inaccuracy in the nolding operation for the housing 72 and an
i ncl i nabhesd o cellnlosoweolyadefin palsyiayk sleshol n FMMA (polymethyl methacrylate),

polysulfone, and a fluororesin such as PVDF(polyvinylidene fluoride) and
PTFE(polytetrafluoroethylene). Especially, it is preferable to use the hollow fiber
membrane which is formed by a member having tensile strength and elongation such as a
polyethelene.

Here, a diameter in a filter hole, a vacancy ratio, thickness of membrane, and
outer diameter of the hollow fiber membrane are not limited specifically as long as the
hollow fiber membrane can be used for a filtrating membrane. For example, the outer
diameter of the filtrating hole may be in a range of 20 to 2000 um. The hole diameter
may be in a range 0f 0.001 to 1 pm. The vacancy ratio may be in a range of 20 to 90 %.

The thickness of the membrane may be in a range of 5 to 300 pm.



33 so as to pour the fixing resin into the resin pouring section 85 easily,
Al so, the bending section 89 serves as a rib so as to mnimze the

i naccuraci es of the dinension of the housing 72 in a nolding process

t herefore. Al so, the bending sectionéS m ni m zes non-uniformty in the

thi ckness of the fixing resin 75 after” a potting process even if the anount
of the fixing i T in a

ot ting procerst & PRIy SopiRbHBlaE phRuE 1Tn RSP YTEpblant Sufflbitier,
section.86 in.the weir 84, t t hi ckness ,of the fixing,resin 75 is forned
b nner iLREEd bUdraiing e Sgtlo et PembRe arymbhGan haSeth e Blst o doved of 1
by a pressure which is applied inside the housing such as a negative

pr essur eapfashiring poi o yievhfog thauallosnfiber|merabrangymogeletl; tns prieferablpesi ti ve
pressure which is caused in a reverse-flow cl eaning operation; thus,

anti - pr gssa helloh fibacinembiine dandls viltich 8@l Knitting ifiteic byaushigthe holiew fiberray be
affected. Also, the width of the housing 72 becones too wide; thus, it may

be |1 kelyerlifiahe 75 B RERTHARGHES ke Idflbrld SHRERNANEY Rl GnéPby RyBRkg b

vol une decreases because the Integration of a plurality o ow fi ber
menbrane, nodul es, 71 is. limt when. a plurality, of the hollow fiber

oo andliBiIAE et Kot BBOLo eltye hilaw Hoftmemomis e Withe poi nt
of view, it is preferable that a height D of the weir body 87 is set to be
in a raiyg®roed by layeriop agdusplityof heknittingHabrigstingiudss athvélomef%’lbersmemiyanmi ch it
is possible to maintain the thickness of the fixing resin and the

ant i - pr éasdie eviiétaisdointdd Bt fodding thetkmitting ifaboiys in eapprepiutetedgtiostitheut 71. | f

the height D of the weir 87 is not higher than 10 % of the overall height E
of the ‘éﬁ{_tfntgaﬂe khitlgerabics? AR knfiihd %\‘éﬁ%ri‘s fap%dgﬂ%ﬁieﬁgﬁédopdiﬁgw{h%

characteristics 1n the hollow fi ber raneé nodul e becones

insufficient. |f.the /height D of t i 7,s € eds. 90 9% of the overall
ner ght | EhigRiashar (s PIgs (4 mentranc® A ficiedes SRF Rpie b miste 1o
realize the effects by the hending 34 section_ 89 such as restricting the
i naccur #8¢ tptal RyBbegioksihessgrhieh areryarngdiip thphollew fikes membrangid By forminge wei r
84 toward thereinside so as to pour the fixing resin into the resin pouring
sect i on thaknitting fhletie, Oiénandy, ghis pRfahblchbatube knittogyfatiic isdaybedd (feldeds a

hei ght fromthe base end section 86 in the weir 84 to a tip 88 of the weir
body 87.nof\hoee thahEiveYigded! | height E of the weir 84 is defined as a height
fromthe base end section 86 in the weir 84 to a tip section 90. Also, it
is preferable 16 Fu i ( LWp

secti on 90 1 n " aerdheAbindst i host Bl B, 8r by Rpoly REE el

i nterval bet ween a base ti .seﬁtion 86 %f a weir 8f.and qﬂoth r base tip
sect i on POYYESIET LESHL Hgl,yuwélpqneg sin, siljcone resin, otmelt resin. It is possible to choose

either of them preferably. Also, the viscosity of the fixing resin 35 under condition that

the fixing resin 35 is not solidified is not limited specifically. It is preferable that the
viscosity of the fixing resin 35 should be in a range of 500 to 500 mPa's. More
preferable, the viscosity of the fixing resin 35 should be in a range of 2000 to 3000 mPa-s.
As long as the viscosity of the fixing resin 35 under condition that the fixing resin 35 is
not solidified is not less than 500 mPas, the fixing resin 35 does not flow to the opening
end section 19 in the hollow fiber membrane 13; thus, the fixing resin 35 does not seal

the opening end section 19.  Also, as long as the viscosity of the fixing resin 35 under

condition that the fixing resin 35 is not solidified is not more than 3000 mPa-s, the fixing



range of 10:9 to 2:1. If a difference in the above ratio is smaller than
10:9, there is a concern that it is difficult to pour the fixing resin. If
a difference in the above ratio is larger than 2:1, it is difficult to
handl e the hol |l ow fi ber nenbrane nodules efficiently and nore anmount of
fixing resin is necessary. Here, the $dterval F indicates a distance

between inner walls of the tip sectigon.90 the faci weirs 84. The

i ntervalre%“i?‘ﬁd’?’éa?ré%ea&" ﬁ?%qga%@érag‘@f aﬁ@!ﬁi%ﬁﬁ?r W"r@n?)??f’%fybase end section
86 on the facing weirs 84. The thickness of the opening section 82 affects
a quality in tTe fpdng resip Ppieseliditied in the opéning sedtioni4g hawingssuarspw widtlont r ol
the thickness of the opening section 82 so as to grasp the holl ow fi ber

menbr anend3n birégh pyuringRctidh 4K ABGse Blargdwidipaneneeorsaté t@ds Sitibs optef er abl y
in arange of, for exanple, 0.1 to 30 nm Further nore preferably, the

t hi ckness,: J j O 4 Nl range of
0.1 to 25 mkresfiis RERLARLASRES, Oy YerBli P oRRs GRSk BLUE N B B 10 0 n
to factors such as a.di nepsion of the hollow, fiber. rane, bundl e 14 whi ch
o fPxed SHITOE BRGE ORI RAFHN 1 TUBISOr R N SEBT oY 35 A 0
is possible to use a nmenber which is the sanme as the housing 32 which is
descr i bexpntasting thedrolloweliltes umanhyamen! 3 talthe hoysing 32.possi bl e to use a nenber
which is the sane as the fixing resin 3 5 which is descri bed above for the
fixing resin 7bis prefepabldrthat sroinhervpath HEcarnBow nanfficied uimeuitlof witer Wheisi ng 72
is provided with the weirs 84 which are disposed in parallel with the

openi ng tﬁ@‘ﬁgfé%\@ Vf\'ﬂx%ﬁﬁ?g@?@gr@h&ﬁ%%% ﬁ&@@to&ﬁ?@hﬁ%ﬁ%%% fﬁaﬂ%ﬁlsﬁﬁs the weir

84 is provi I'ng section rom-t tip 88 of the
wei r body, 87. t oward.t hereout si de; er ef or it ossi bl.e to, pour the
Frx ng.rSlsprit B efaple Hatih mpeuth 1 ShEHREY phieicaBRRTRRNF 43RS 8 ov ded
with the bending section 89; therefore, the housing 72 is not defornmed in a
nol di ng BYbeprassubmcharassristipy whichiarg reapisedingfseourposeeal i ze a suffici ent
capacity in the resin pouring section 85 which is sandw ched by the weirs

84. By doi ng tlhitse htllev Fibér membiabe modeletlamkich imelptaidet assabbveehle on t he
housing 72 by the fixing resin 75 reliably; therefore, a product yield of

the hol | gukitdueieNRABA alGeMBdHhE 37 s £ Md?8 tRRNENCHdhe As@fce bdwedifihea hol | ow
fi ber menbrane nodule 71, the weir 84 is provided with the bending section

89 whi ch nds. fro. the f.i CLi 8 _of. e I 1, :hod 4
t her eoutté’\lpO eO;U%{nﬁ%’rlte#Sc?roé%d’]i%ttg?%gulé)agés]tshl%bql%l E)lnlr‘g}zlid\?ﬁl& ‘zA‘elgg d\s{ruefg %l?llti:?”‘é% Ci?:apaci ty in
the resin pouring secti,on_8!? ed by the wei LIS 84. In

addi t i onorthagondl tg daelopgifndipg dbaiiad afins R\l He HAMPIEREAS to hF BRWBSESH 1 ¢ he
fixing resin 75 after the potting operation even if the amount of the resin
whi ch i sthppd$ amiima ciass pastioh mdhiepie ogthpgaenal tabe lengitvdinel disgetionef thet .
housing 32 and enhance the integration ratio of the hollow fiber membrane module per a
unit volume of the hollow fiber membrane module unit.  Also, it is possible to restrict
the entanglement of the hollow fiber membranes without causing the deflection in the
housing due to factors such as an air bubble.
Next, a method for manufacturing the hollow fiber membrane module 31 is
explained.
First, an end section of the hollow fiber membrane 13 which forms the hollow

fiber membrane bundle 14 is cut to be opened in advance.

Next, an end section of the hollow fiber membrane bundle 14 of which opening



By doing this, the anti-pressure characteristics in the hollow fiber
menbrane nodul e 71 can be enhanced. Also, in the hollow fiber nenbrane
nodul e 71, the bending section 89 of the weir 84 serves as arib; it is
possible to set the higher integration ratio in the hollow fiber nenbrane
modul e having a superior anti-pressur28characteristics when a plurality of
t he 36 hollow fiber nmenbrane nodules sp as to be a unit. Therefore, it is
possi bl &nd getioa 19 theshallow herrmesabrane hd isagué isniperited i thepnepingseetiort or a
filtrating process in which there is alimtation for a size of the unit.

( Four t h 42dpeet houkinig3@ shoh thavttel dpeningent) senteniodn ltie) hdlo&Sibek Indémbrade show an
exanpl e for the holl ow fi ber nenbrane nodul e according to the present

i nventi gR.; ; [ ; : d 9 i I ri ses
= housi rg ORpeoedin U Atk salt BT i E RESAR, S Mg 2P R HE e e R s
attached to ap .end of the housjn 3 d has.a processed-water exit 94, an
end- cap SSERICR o T BT e delowabes Mer et BRI G Hgr85band docs not
have an processed-water exit, and a hollow fiber nmenbrane bundle 14 in

whi ch a Possiblgite uge pmethed fanwidsningitheppenitthiestien 42 wvhan an eeg pestionof thesheet .
An end section of the hollow fiber nenbrane bundle 14 is fixed on the
housi ng Bd8onfiter inexitngnentamidkr 1499 insdettedas explaided lafera fi xi ng resi n under
condition that the end of the hollow fiber nmenbrane 14 is inserted in the
housi ng 93 and\fehOBRINeBGorLHthe 86N\ RibePmembEd}e bRl QW i§ tORAinERHhane 13

i s mai ntained open. Also, the end caps 95, 96 are fixed on the housing 93
by the fixi.n er. .under condi.tion.that the.end ca 95,.,96 are

hser tedolHRERE 1 id TRiAHTIEh 3397 Alcd ek 3in hOFHEELAADE SR8 0c g o3
is provided with the hollow inner path 92 which is formed in the housing
93, a slapeniggepstiog fEem she awsidoaf {*)lﬁ hoysing B huvhilgmaipfainingiibe openipg endusi ng
93, weirs |01 which are fornmed unitarily with the housing 93 so as to
sandwi clsettiven Hhepenad) irsthe thobow Ther membraner18si ThedixingugsiadStis solidifiéd;havi ng a
concave cross section which is sandw ched by the weirs 101. The opening

section tﬁl@é,) theShalloW ﬁl&erhﬁ’érﬁbr_&ﬁé BlhdsC IV RTIRY iﬂtlféq{o%sﬁn@myﬂ’m a/\ﬁ(bllﬂ%y fib&r _37
end section of the hollow fiber nmenbrane bundle 14 I's Iinserted in the inner

pat h 92'mé°fh§r%nem%ufépﬁargaﬂ%e%%&%eﬁn 100 serves as a port from which the
poured 1

fixing resint1s u Nnto a resin pouring space which is explained |ater.
The resin pour‘;lggn al%ahce i s formed

xing resin 35 1s poured into the resin pouring section 45 and the
opening section 42, it is preferable to use a method in which the hollow fiber membrane
bundle 14 is opened by blowing an air to the hollow fiber membrane bundle 14 such that
the fixing resin 35 prevails sufficiently among a plurality of hollow fiber membranes 13
which form the hollow fiber membrane bundle 14. Here, a method in which the hollow
fiber membrane bundle 14 is opened is not limited to the above method. It is possible to
use other method preferably.

Also, it is preferable that the amount of the fixing resin 35 is determined
according to a shape of the housing 32 such that the fixing resin 35 is poured within a
range which can be stopped by the weir 44,

Here, in a method for manufacturing the hollow fiber membrane module 13 as

explained for an example, and end section of the hollow fiber membrane 13 is cut to be



between the inner path 92 on the housing 93 and the end caps 95, 96 which
are inserted in the inner path 92. Also, the weir 101 prevent an

undesi rabl e overflow of the fixing resin. Also, it is possible to use any
menber which is the same as the housing 32 which is explained above for the
housing 93. As shown in FIGS. 16 and 27, the end cap 95 is provided with a
flat small lid section 103 which |s Lnsertgd i.h the inner path 92 in the
housi ng ePsnedinadvances ang thefixing regin 35-8 Rowrse vﬂn%rmmqaav%thei%e@e&%n 105

whi ch contacts an end surface 104 of the housing 93, a connecting section
106 for seotioret? toe opeaed imethk hbllow dibet membi0® 18nd Hovevenageethodifozect i on 105
such that an area in a cross section orthogonal to a |ongitudinal direction

of the h@usifigudsy the RIBW fifer hitaibrade Mo@ae aécordifg faVllelprésest ie&dtioans 103, a
comuni cating hole 107 which is fornmed on the snmall |id section 103, the

connect i sect aﬁg the [ i ect l: .

processe -vlvgr?gerd ‘§E’?‘*t1§’8’2(" |c(¥|i'i SFJO Sgdgneﬁdé’ghﬁé’%éédg éé%?%o@?%g@lﬁg)rdglg lid
section 105 so as to, co ni gate_t he connecti ng hol 07. Also, as shown in
FI GS. 18Wgwa aﬂ!@,“gﬁ?@oé thectollow fiker mesghrangbyy %lﬁaoffe‘vétcgﬁﬁwctqop&fsecti on
103 which is inserted in the inner path 92 on the housing 93 so as to seal

t he i nnethe hatlowdber meimbrape 113iis ngicatt iroadvase stimserted onthadiossiag32thesur f ace
104 of the housing 93, a connecting section 106 for connecting the snall

lid sect mﬂﬁl&% 30t goueed Adaelibifidd s86H thainthd GRifpuekintiiafoes ot vREfldWithe Cr 0SS
section orthogonal to a longitudinal direction of the housing 93 is snaller

t han an L i ) I i i d a

ac ¢ adi fop pahal Bt FBiing 2255 6 1d erthd enfite SESARS Gghe hAMK 6@, 0
sane as those di sipns in the opening section in the inner th .92 such
That 1 e BB ] S IUE BHEs 10ahs hap Rk ) S KRSHET HOMh T PURCCHR 1 he
fixing resin flowing into the inner path 92 on the housing 93. The space
bet ween offthe hatew fibar membranad 3hthus, asgend 3ection efthobeliaw fber pémbianefl3t he

small |lid section 103 depends on a viscosity of the fixing resin. In an
ordi naryisepssed.it is preferable that the space between the inner wall of
the housing 93 and an outer periphery of the small lid section 103 is not

larger than 1 FIG. fslTJ)i(&lsvnvé Qh%&f&lﬁﬁ%lﬂf tht BENGWHbkr hk&b?ﬁ%&ﬁmlé@ﬁ% Bif‘d?ﬁ‘g on a

viscosity of t resin. I'n an ordinary case, it Is surficient if the
f the small.

t hi cknes |id section 103 is not thinner. nQ.1. Mor e
br ef 6r abiyHe pirdeH i EReHats sving hefiSder membeie et QR bl Yot
thinner than 1 mmso as to prevent the fixing resin fromflow ng into the
i nner pathe hoflowdjbes plembrane raedples are disposednepdtha hgusing 32 istdisnased 1 engt h in
the large lid section 105 are approxi mately the sane as those dinensions in
t he cr osesomectttheneta by 4 Watenooléating hidaden 6h unitarily.

FIG. 6 shows an example of the water-collecting header 61 in the hollow fiber
membrane module unit 60. The water-collecting header 61 having a cylindrical shape is
provided with a plurality of connecting holes for connecting to the processed-water exit
36 in the end cap 37 and a water-collecting path 63 for flowing a filtrating water
thereinside. The connecting hole 62 connect to the hollow fiber membrane module 31,

31 so as to be formed unitarily. Also, the water-collecting path 63 communicate to the
outside of the water-collecting header 61 so as to be connected with a water pump (not

shown in the drawing). Here, it is preferable to use a manifold water-collecting header

61 because it is possible to connect a plurality of hollow fiber membrane modules 31



that the inner path 92 is sealed and the resin pouring section 102 is

bl ocked when the large lid section |05 contacts an outer wall of the
housi ng 93. The connecting section 106 is fornmed between the small lid
section 103 and the large lid section 105 unitarily. A cross section of the
connecting section 106 which is orthod®nal to the |ongitudinal direction of
the housing 93 is smaller than the small |id section 103. By doing this, a
resin pomitpiily andgasily fpeasite be fixadd Bhergdshp specidictlnitgiontpastaptugeiithes t he
connecting section 106 and an inner peripheral wall of the housing 93 when
t he end wagscdectiibheader Gt 4sdohgds s pdesibhootosixngctdBe filihated watenfrpmuhe ng space
108 is surrounded by the connecting section 106, the small |id section 103,

the | ar ggbivhitee fentandRod@®dz R 1i nner peri pheral wall. The resin pouring
space 108 continues over an entire outer periphery of the connecting

section 106. SO,...t opgnping section 100 . whi ch i cat t he
resin pouri ng%lf)%tége E@@%gggr{g%mgrapgg]orqugzo ﬁ%@gﬁlnﬁé%"{oé‘?ﬁf@ ned
above, the cross section in the connecting section 106 is smaller than an
area of disposigdhe edgepnd sestjonpitigshousingfiz; inghe hellow fiber rapmbrase moduleso | s
formed at an approxi mate border between the connecting section 106 and the
smal | | ixd, toyitlenwiteBcolldeeng hemles 6Lt | Atvo lit Bhaybecamueptabl®hetboth éndsi ng nmenber
99 which is filled in the resin pouring space 108; thus, it is possible to
prevent dbgorPd¥the ABTITD32 AR @By RS Watef-8BMactite heRBr 6 en HRUDIIBE fio2r Thus,
the end caps 95, 96 are fixed on the housing 9% reliably. Also, it is
preferable that a surface of the outer periphery wall of the connecting
section Iﬁﬁgﬁ'iagemorqpfséhuen 6‘;-E)0ughl y by using, for exanple, a sanding paper
because it is possible to increase the contact between the connectin
section 106 a wtmsferaﬁal? Hygt thenisterval dC) petwesn grsatep (@ ing Yidth df‘B‘Ft‘Q?x%tgrrpl e,
pol ycar bonate, polysulfone, acrylic resin, ABS resin, nodified PPE,

pol yvi nythe dhiioing d2 ,in plod hallcof ifibex pemppamepybduie 31 polthebdldve fiber stembyarfeor a
menber for the end caps 95, 96. It is possible to formthe end caps 95, 96
in a netpbddetuhitrdd SREhakh®en (£) iR a"Width dieQRAr éft {herhdy¥ing AL Abighidrthg | N t he
hol | ow fi ber nmenbrane nodule 1, it is necessary to di spose at Feast an end

cap 95 .lfc}@[ R3S &e%b?gx?es aRduiteeho §&ider HaP S5 BnE%b tasoﬂ}_)ogéaﬁze a }\}\iﬁher

processed- wat er mensions 1n the resin pouring space I nt Ich the
fixing nenber, 99 i.s filled such as an intervyal (hereinafter described as a
i ckneoBIBHRIOREND 1 HROrHtaTLITRSF: (R ARtaTVah MBI PR RIEIFRLY PRESCEBETon 106
and the inner periEheraI wal | of the housing 93 and a depth (hereinafter
descr i betiamg0 e pluthdrimaerh @referagly thei interval (G shonidbe ot lohgertibus i hgme3
depend on a viscosity of the fixing resin which is used. Thus, the
di mensi oABoj i i$ preferatsie whap oky intgvap AcamddiBthermeighbbrihg hbllew fihpeaiehibeale y. The
di nensi ons

modules 31 are uniform so as to realize a uniform effect due to the air bubbling

operation.

In the hollow fiber membrane module unit 60, it is possible to chose various

factors preferably such as a member for the hollow fiber membrane 13, a number of the

hollow fiber membrane modules 31, a dimension of the hollow fiber membrane module

31, a dimension of the hollow fiber membrane module unit 60, and a method for cleaning

the hollow fiber membrane according to each condition such as the purpose of usage, a

space to be installed, and a filtrating capacity.

In such a hollow fiber membrane module unit 60, a plurality of the above hollow



in the resin pouring space 103 may be any value as long as the fixing resin
fl ows over the 40 entire outer periphery of the connecting section 106 of
the end caps 95, 96 such that the fixing nenber 99 can be forned
continuously. That is, it is sufficiqﬁi if the dinension in the resin
pouring space 108 is adjusted accordifig to the viscosity of the fixing
resin ) ] . i LY VYO fi.xl .0 g i it is
ur i ci GF rpetpbtERE ol bkl GRREA %othe 18The 1ERE BRERIAM ByHe, i e
so as to reduce the fluid friction |oss. For, exanpl e, under cqndit.ion that
2t wo- | MYEATEONESHRE hpadehahd! SRISIDIER Sy aMERSS SECaLOB falR 18 & AESIERIE] a
viscosity (potlife: 50,000 nPa~s tine of concentration 25 mnutes) is used
for a fiproaess andsixahangethpllovofibertraeobriane mpdplegasily of the connecti ng
section 106 of the end caps 95, 96 is 30 nm and the cross section in the
resin pouring space 108 which is orthogonal to the |ongitudinal direction
of the housing 93 is not smaller than 0.4 mme (dinension of the resin

pour i ng&%f“?ﬁ.&ta;ﬁ" ﬁt@%%ﬁ@\??b&ﬁm@&%r&r@im?t han 0.2 mm depth is not |ess

t han 2 era ecause It 1s possible to realize a continuous
fixing nmenmber .- Under con itioniﬁ%t t he thickness,of the resin pouring
Space 106 1. G T PR MORGHnS T3 dwk hopisthe HECHESRS 512 B2 BSR Bouri g
space 108 is not deeper than 2 mm the resin pouring space 108 becones too
narr ow; thékollomofiber merabrane modplejaceording todhe prasent inyestiemd ThehoysiagRane resin

does not flow desirably. The viscosity of the urethane resin increases as

time passedollownesiimaemember hdvinggh Helsitér shage whithdghpilolvided with £holtow | oss. | f
it takes too much tinme to pouring the urethane resin, the fixing resin

| 0oses i ser phit @b dw s&&%égn? gi DEih i ?oxﬁle?Q§ %%eblixcllfsﬁgﬁbpﬁtglrﬁf&é)eﬁin‘g%fe&%n fixing

condition occurs. There it 1s preferable t sl n-pouring space

108 is f I i.ble. The fixj mber,. 9 mb
For 11 xRgVERE COPERTEER B RUTCE RS Gruritis b BRI AL A REKBY AES 13 whi ch

is contained in the housing 32 while maintaining the opening end section 19
opened dddviyel areatisnogechuniteriby with theb@sgayiteAd emboth sidep ebdgpeniager in a
wat er-ti ght manner such that the hollow fi ber nenbrane 13 serves 41 as a
filtrat isagtionefthingraealleNivith thd bysenirigdentiom#2iaaesifl possny sstias 44 whictbisr  f or
fixing the end caps 95, 96 on the housing 93 in a water-tight manner. For a

fixing rgsavich@ by MeWdis 44hend twd RbedBTERIfordRg ribsedfioP46l(doaldk Base, it is
possi ble to use epoxy resin, unsaturated pol yester resin, urethane resin,

o0 v SRR pd SRSy 5 SUGURRRIALE PR o aRarbRESe voen
opposite to the opening section 42 which sandwiches the inner path 41. Here, the weirs
44 are formed so as to be in parallel each other such that a side surface 47 of the weir 44
and a side surface 48 of the housing unit 43 are aligned. Also, the reinforcing rib
sections 46 are formed so as to be in parallel each other such that a side surface 48 of the
housing unit 43 and a side surface 49 of the reinforcing rib section 46 are aligned.
In this housing 32, the opening section 42 applies a pressure on the reinforcing
rib section 46 horizontally from the housing 32. By doing this, a side surface on the
reinforcing rib section 46 on which a pressure is applied becomes a power point 64.

Also, an approximate center of a wall surface of the housing unit 43 which is disposed

opposite to the opening section 42 having the inner path therebetween becomes a fulcrum



fixing resin. In order to choose the fixing resin, it is necessary to take
the nmenber for the housing 93 and the end caps 95, 96 into account so as to
choose a preferable nmenber. For exanple, when nenbers for the housing 93
and the end caps 95, 96 are ABS resins respectively, it is preferable to
use epoxy resin or urethane resin bec3ise of their desirable bonding
characteristics _for a fixing resin. The viscosity of the fixing resin
before <6t i dibeielye; the qpening fectign capbemidepsd| y. Preferably, the viscosity of
the fixing resin before solidified should be in a range of 500 to 5000
mPa~s. More pribederbt f the meinforsiog sibtsgctadn 46is ot kinitgd speificablgf oThe sol i di fi ed
should be in a range of 2000 to 3000 nPa~s. If the viscosity of the fixing

resin beafefphe ofeiréinforeiflgirid Refiod@RPrefeRdly fQowEakan 5 ienso 46 ftoreasd N f 1 ows
to the opening end section 19 of the 13; therefore, there is a concern that

such a fjxi 1 1 i J e e Clol If the
Vi scosi tay&q(gl?lgip ﬁ?@?fﬁg’gﬁf‘% Ieﬁinggsg J(:)t?gl :?;ﬁ Q’l%fh ?ggﬂgggéeg‘g}rg b'mg@é{’]ﬁlg, it is
not preferable becayse it . is difficylt to perneate the fixjng .resinin a
plural i tfy;lgglf of 11 rRIBIATGiRE FiDsEFtoRkAbIdRagangs ofi1q te 1R M holftBsieicat nenbr ane
nodul e 91, the fixing nenber 99 fixes the hollow fiber nenbrane bundle 14
on the Hbesinfgrady rib kectionyis logverthminer map itfis nesprefecatde eaaagpesit BnecéBann t he
housi ng 93. Al so, a nenber for fixing the hollow fiber nenbrane bundle 14

on the heupplyduils adih prefRrdRT wWiddnilg thiedPehing s€itidnG32Ps 19Mhe h8fEhosf thee _
housi ng 42 93 are fornmed as a unit, Therefore, rigidity near an attaching

ar ea ""“%@{&% {}g;us%w&l %e@&dléoﬂﬁmﬁfgﬂs ﬁﬁt@ﬁﬁ@f’ab.legﬁecb@&;aﬁlgﬁgt%ﬁépa}ecﬁg a

physi cal ren I'n an area In ousi ng caps 95,
96 are attached increases. Also, the end caps 95, 96 are provided with ste
soct| ondnAngAe RPusing o peces s Wign & oprr Bremot e dt fsBa ENEE ERBLe oot on

inthe small |id section 103 and the cross section in the connecting
sect i on thes theTires fofr theememhenngdegreasest i ons 110 are caught by the fixing
menber 99 which is filled in the resin pouring space 108; thus, the end

caps 95, 96 arrkhephiekadst ofltHervodll bfrhe gonstnpiica3 slonld beinwpietoreb1 fange
Therefore, it is possible to fix the end caps 95, 96 on the housing 93

reliably, pfRhiGen ith i1 alilioT 2,06 SO GerdticO Bt fibtdlfe Present
inventidg ?gﬁn%t f?%?%ed toafﬁg ﬁgﬁﬁgalgﬁger nen%?ghe(ﬂbggrg anghomn in
t he draw ngs., For exanple, as.shown in FIG 20, it. is preferable to use a
ol 1 ow 1PSARE hESPh B RsyIecD FHcFe A o B oarbing Sediog 42 Sishied noi | ow
fi ber menbrane 14 which is bent in a Uletter shape is fixed on _a piece of
t he housv#bobtbe hapsing 43 pethgHulsrim 65 wrhen gauesswig 15 applisd anjthe reiefor@ngrib
rect angul ar shape shown in the drawings. It may be acceptable if the
housi ng sestidr4bre dTherthmkogssiofi the wall ofthaheusihgusitidh is not limited specifically.

For example, the thickness of the wall of the housing unit 43 may be in a range of 0.5 to

10 mm.

The height of the weir 44 should preferably be high such that an anti-pressure

characteristics which is required for the hollow fiber membrane module and a stability in

a fixed section of the filtrating membrane are satisfied by the fixing resin 35 which is

poured thereinto. That is, the height of the weir 44 should preferably be in a range of,

for example, 1 to 50 mm.

It is preferable that a width in the slit of the opening section 42 which is formed

in the housing 32 is determined so that the filtrating membrane can be inserted from



a case, the small lid section and the large lid section of the end cap are
formed in a circular plate. Next, a nethod for manufacturing the holl ow

fi ber nmenbrane nodule 91 is explained. First, an end section of the hollow
fi ber nmenbrane 13 which forns the hollow fiber nmenbrane bundle 14 is cut so
as to be opened in advance. Next, an ehd section of the hollow fiber
menbrane bundle. 14 in ap openi section 100 on the housjng 93 such that an
openi ng oé‘Fﬁ!é]es%@l‘? bpusing & arfcf, eRﬂter'tHW mP'BE'fa“ﬁﬁ%P%lﬁB’Pfge‘?bygi%"ﬁé‘é‘gd on an

i nner 43 path 92 on the housing 93. After the end section of the holl ow
fi ber ndotweartdclbisrsdffeientlyigentlost as medo icrush itlee filtrating (ne@drartene Theml | | d
section 103 and the connecting section 106 on the end caps 95, 96 are

i nsert echpkithal bIg WidftEin tﬁélbﬁbn‘?@%]?e%tiéﬁ apdifeds iddording do B diltZading ebranbe end
caps 95, 96 are attached on the housing 93. Next, as shown in FIGS. 23 and

24, a liqui {6 NOatL.eSt: v LSaf I . i [: section 102
and t he tg%ISg‘lséndg)f%dé&hlec;%z’h%ga%tr‘%‘ﬁqﬂ{ inith€ bpdhd LT H R it 2 i e

mai nt ai ni ng_t openi n nd, section 19 on . the hol ] ow fiber nenbrane 13
opened. %Fﬁ%ﬂ?{lgfne%eg P@a?mﬁﬁeth? PRiIMa Srl'é?i‘ﬁ%s}@&efqm)é‘gi SRCHMAS @gﬁe Hbdiri ng
space 108 which is formed between the housing 93 and the end caps 95, 96 by
its wei ghngeofd.3teSmasin flowing port 109 as a part of the opening section
100. Consequently, as shown in FIGS. 25 and 26, the fixing resin 99

prevails over THesideasitie RoUsingBR Gpdeadidtedadedrdidgab fidiSrssiot At sigsbn 99’
surrounds the connecting section 106. By solidifying the fixing resin 99,

th tt [ ' ' 95, 96 i
compt et o TeREFARNERe o (12 AR, PR eI ET S hol T ow 11 ber

menbr ane bundle 14 in the housing 93 after w dening the opening section 100
on the housi ng e rang modilsRchfigme B ofEiectid FRsioURE WO IVERRORSLS! ng
93 so as to widen the opening section 100 easily. For that purpose, it is
necessaripanufaciured shch that eprgssiapis @plied® the reinfording b sect@d 49fhosizontally hol | ow
fi ber nmenbrane bundle 14 is contained in the housing 93. It is not
necessarfyothdhelquisihgad 2ondito vidgetht opénihd) section 42 248l €3d, se@lonssfthé to attach
the housing 93 and the end caps 95, 96 together for manufacturing a holl ow

fiber megighane ERMYMR i9hsettdd t'?@dﬁgh%é‘&fesﬁ%%kﬁoﬁ ko th8 tﬁgﬁlft&aﬁ 95, 96 are

inserted 1 n the housing 93. Consequent pouring t I Xing resin 99

o the, BgHaha% B2 i IR A0 SohD 3t LLRYS WAl kG5 431 o

section of the filtrating membrane opened. According to the above method, a filtrating
membrane under condition that the opening section 42 is widened; thus, the filtrating
membrane is not damaged. Therefore, it is possible to manufacture a membrane module
having not breakage and crush in the filtrating membrane efficiently.

Here, it is possible to use a hollow fiber membrane 14 for a filtrating membrane.
Also, it is possible to use any member which is formed as a sheet for a filtrating
membrane in addition to a hollow fiber membrane bundle. For example, it is possible to
use a flat membrane which is made by a single piece of sheet or a plurality of sheets

which are layered.

(Third aspect of the hollow fiber membrane module)



44 by its weight. After that, the fixing operation for the hollow fiber
menbr ane bundl e 14 on the housing 93 and the fixing operation for the end
caps 95, 96 on the housing 93 are conpleted by solidifying the fixing resin
99'. Therefore, it is possible to att ?he the end caps 95, 96 on the
housing 93 efficiently. Industrial Apg icability As expl ai ned above, in the

hol | ow fi ber : j | j maxi mum
wdth (A) in Aa0othepaRarte FREPHEAR b etatfpIP R 3ROV NES shlfbrally T

hol I ow fi ber, nmenbr.ane j.s no |onger.than 25 mMmin a cross section ichis
or t hogorBPSHIE AL GIRE fa RGN RT S ionon FIG. @ ek SBEERUE: AR SL B Shrurn
deflection in the housings which are neasured is not nore than 1 %of a

di st ancethpbollpe fibehmempeang aedulgshowniadd6GoBe, it is possible to enhance the
integration ratio of the hollow fiber menbrane nodul e per a unit vol une of

t he hol | ow fi liggre ehditosnfibémdethbraudnfodule Mhik approkidiately Tompaisestef | ections in
t he housi ng caused by factors such as an air bubble; the entangl enent of

t he hol |l o : t g i i s provided
w th T hd A LpE TR PR el bR mefihe bilB01a W whish A3MALELE P
possi bl restrict. the furth nore defl ection_in the housing, Also, if
Phe or ol Bat e membrane 1 Lo R g ohEFL Mo G hei G ATECSBRE VBT 5 | n
an approximte Hletter shape, it is possible to handle the hollow fiber
menbr aneexitodbick is #tagherhen amendiof the hpusiege: and ah enhd pan 78 whichgloes notj s
possible to set the high integration ratio of the hollow fiber nenbrane

modul e ilmveheroasiadvavitebexit amiis attachedwel ahatherreintl of thechodsing J2i N\ Isleess;
t hus, an anti-deflection strength of the housing increases. Also, if the

housi ng fiiser it AR S WANRE ohahE h&ﬁixf#g}‘nzb ?’}ggﬁﬂi gafdg 7@&58&%‘11&!69}00” i 29

section for supporting the hollow fiber e the externa 4

oot ri ot ORI BRR AL e e oROR iy M a0 e Roliina. bt BB uni o

are sandw ched b}/ the reinforcing rib sections are fornmed on a side of the
housi ng, endrigction] L rthe kollew benmemihrangtld igimainiained eprgied.udi nal direction of
t he housing as the engaging section while facing each other are fornmed on
t he rei nforci ng shovwn §eEIG.d0, the hessihg 72 acecylhericalnaemberl laning,a ¢rbssi s possi bl e
to engage the external supporting nenber on the housing reliably. Also, it

i s possi ko i Bilk@R&G haRcdwhigh &cforhb b ah hiier bath 8N wiRePsFoAnéP4he W th the
external supporting nenber A hollow fiber nenbrane nodule unit according to
the pr esﬁ&fsinig%?QtsiipcgbeinﬁlgaSection 82 which is formed on a side of the housing 72, weirs

84 which are formed unitarily with a housing unit 83 so as to be parallel with the opening

section 82 on both sides of the opening section 82, and a resin pouring section 85 which

is sandwiched between the weirs 44,  Also, the weirs 84 are disposed approximately in

parallel with the hollow fiber membrane 13. The weir 84 is provided with a weir body

87 of which base end section 86 is connected to the housing unit 83 and a be ding section

89 which bends from a tip 88 of the weir body 87 toward thereoutside.

The bending section 89 on the weir 84 bends from the tip 88 of the weir body 87
toward thereoutside. By such a structure, the bending section 89 on the weir 84 restrics

non-uniformity in the dimension of the weir 84 which is caused by inaccuracy in the

molding operation for the housing 72 and an inclination of the weir 84 toward thereinside



hol | ow fi ber menbrane nodule unit in which a plurality of the hollow fiber
menbr ane nodul es are di sposed approximately in parallel, and an interval

(C between a center (a) in a width direction of the housing in the holl ow
fi ber nmenbrane nodule and a center (a') in a width direction of the housing
in a neighboring hollow fiber nmenbran® nodule is no | onger than 25 mm
Therefore, it is possible to set the high integration ratio of tg,e hol | ow
fiber mEfBs RO Dang Fesin 1969 the refin powrng sestionfyeailyo, Also, the bepdiagpi e to
m nimze the deflection in the housing due to factors such as an air

bubbl e. séationt8@rsenree as a ribise ap bs iitiingzet the praeoenacies bfthiadithenwidn dfghe menbr ane
nodul e from bei ng broken after a | ong period of usage. Furthernore,

accor di mgudifig 22 P4 hRMihe protesuhaetdré. NAlse, iNeBEAENE sévpidH 80 niafnized Nng to the
present invention, a pressure is applied on the reinforcing rib section

(convex | ane. el | ey t ' ne nodul e
o as. 1 SRR AL MIOkCCOR! Ak kg A SRAePk Pt Dol dE HTPUR"Y, 0
filtrating mantbéarf]e. is i_n?{g&,@gd throug]h t he openi.ng section, the filtrating
menbr an@Moynt phiag fixingrasin Rigtesyo someexigpt whep ihly nodEsdin & RoKithat t he
opening end section of the filtrating nmenbrane is maintai ned opened.
Ther ef opegcest. i s possible to nmanufacture the nenbrane nodule in which there
are few breakage and crush in the filtrating nenbrane efficiently.

Furthernore, ifithtBendifg k&tiohishes maRIEa TR a bhsd endOdilich SEmahe iveg 840 t he
present invention, the housing is provided with a slit opening section

t hr ough j . QL o l I nbrane: -l
inserteéwﬁf%n?%eﬁﬂ%uéﬁﬁ r%‘a?glsm@ﬁgd)%@gﬁtg&gﬁ?@?m ?sr((}hltbo h egllll%fz}é of the
openi ng E@gclt]i on, SO_as tg aral | el \'Ql/l h t he. pena?r,l\ﬂ1| iﬁct.i on, .and the weir
i s provittEOSER BIIRINEARSRY ARESHTHIRAG 2 itBHdG e RUBBR ALK 4SGm the ti p
of the weir body toward thereoutside. Therefore, it is possible to

el i mi natnegatpisrpssdsheervehih sicpussdd inlacsudidareiirapog ppergtiomanda pesitiveapressirgy
factors such as inaccuracy of the dinension in the housing and the

i ncl i natwiich Bfcatided ihalrb s d-fiO@ cleahihgapdtationnthus, hatilpiesstimaharaoferibties ihi xi ng
resin is uniform therefore, the hollow fiber nmenbrane nodul e has superi or

ant i - pr ggsiy) ‘&hamﬁ&rﬁséaﬁe hftRluleRHe) BELRE G 1 Alsé} &ﬁ%h&woﬂm{ouﬁgg%a“e

nodul e according to the present Invention, an end cap I's attac to at
Ln which, an inner path

| east an_end of the hpusing in er-tight manner
wh oh | iR o rpife: AR it e AP Rt b pihlom JERBF s #iobmnBe ik | &
formed, and at | east an edge end section of the hollow fiber nenbrane is
fixed tdatiqBerimitsyokeme decredses bergusadthe irtegraen of a plurality afthe bellowifibeg
wat er-tight manner, the fixing nenber fixes the hollow fiber menbrane on
t he housnemyrasathotihles 7 id Ingitedwhen a plurality tolfi éhechudlovafb ey meniberaome dulgs
Therefore, the end caps are prevented from

are integrated so as to form a unit.

From the above point of view, it is preferable that a height D of the weir body 87

is set to be in a range of 10 to 90 % of an overall height D of the weir 84 by which it is

possible to maintain the thickness of the fixing resin and the anti-pressure characteristics

of the hollow fiber membrane module 71. If the height D of the weir 87 is not higher

than 10 % of the overall height E of the weir 84, there is a possibility in that the

anti-pressure characteristics in the hollow fiber membrane module 71 becomes

insufficient. If the height D of the weir 87 is exceeds 90 % of the overall height E of the

weir 84, there is a concern that it is not possible to realize the effects by the bending



bei ng renoved fromthe housing; thus, the end caps are fixed on the housing
reliably. Also, in a follow fiber nmenbrane nodul e according to the present
invention, the end cap is provided with a small lid section which is
inserted in the inner path in the hougjng, a large |id section which
contacts an end surface of the housi ;1% and a 47 connecting section for

t i t hat
oo | n*aoloh 38 SR reseUBE G MR AR ‘“ﬁréo‘ﬁél?ﬁﬂé*.‘ REREG0R B, "L

housi ng., | smal | t han an ar of the small ection, .,and the fixing
menber iR ‘F‘P‘i’%e{e ‘ﬁ’ﬁ “é?‘frge"s‘iowaffgg‘ﬂ%‘ tWRPErht szf‘&rﬁﬂa igfeithetesinan out er
peri phery wall of the connecting section of the end cap and an i nner

per i phemppunieg sectibn easelyhobtiere ghe eightdd of the welircbaalyB70a defimadasprteightt ed from
bei ng removed fromthe housing; thus, the end caps are fixed on the housing
rel i abl YronMHtbas@emPieansh §6n IBRELEL 1671 AESTR ohleldlt dyes7, mexiks,ane modul e
in the present invention has steps for containing the opening end section

of ‘1he MQblaflHelgnPRIorTRIRERRR il Reflilf QU3 g@gf&mﬁkw& ﬁﬂ%@&m felhen whi ch

is formed on a e housing, atta

sectl on of, ,Hm housi ng, 80ur| ng a |IC]UI d fIXI ng resin into the resin
pour i ng $¥c P WhSEHOR Y% ormed in a periphery of the opening section,
fixing the hollow fiber nmenbrane on the housing, pouring a fixing resin
into the resi Mlgmitris preferpbledhathiretio (5 G) betvesgniatinteal F betwesnsitipg and t he
end cap, and fixing the end cap on the housing. Therefore, it is possible

t 0 manufsa&ioara® ia ahedit ad 4 tipeectivardoriangotiechkie 8haud ag irkeydP&betecphy si cal
strength in an area in which the housing and the end caps are attached

toget herbamkééu ﬁ‘§6%ff& Iow% notlﬂa?ngea}:i ctablkﬂ?é BV\%\? ﬁé?%el lif e m)dul e

in which bund are fornme

nousi ng s ADH B IR <8 The AR SARLIra e g df s ﬁédcéﬁdf tion

in an opening end section in the follow fiber nenbrane wherel n; a nmaxi mum
wi dt h (Apneein ghat 8ris AisBerito raur thetfiing resina (Tbpdiffarencean the abewe rasie iI6f t he
hol | ow fi ber menbrane is no longer than 25 mmin a cross section which is
or t hogonardgeit tham2]19itds tifficuledo ldindleahe bollei fibfrembbging gsidubes @ffeciemii mum

defl ection in the housings which are neasured according to a nethod for

Fﬁ:zur | Rgd e RbLACIT BiInPFSRY id nBEsiy.t NgelR! @8 SRbrvial¥ St A8 d disfae NOT €

between inner walls of the tip section 90 on the facing weirs 84. The interval G

indicates a distance between inner walls of the base end section 86 on the facing weirs

84.
The thickness of the opening section 82 affects a quality in the potting operation;

therefore, it is necessary to control the thickness of the opening section 82 so as to grasp

the hollow fiber membrane 13 tightly. The thickness of the opening section 82 is

preferably in a range of, for example, 0.1 to 30 mm. Further more preferably, the

thickness of the opening section 82 should be controlled within a range of 0.1 to 20 mm.
Dimension in the housing 72 is adjusted preferably according to factors such as

a dimension of the hollow fiber membrane bundle 14 which is fixed and a usage of the

hollow fiber membrane module 71.



1 %of a distance between the two housings. 2. A hollow fiber nenbrane
nodul e according to Caim1 wherein each of housing is provided with: a
resin pouring sections to which the fixing resin is poured; an opening
section to which an end section of the hollow fiber nenbrane bundle is
inserted; and a reinforcing rib sectid®h for strengthening an inner path
whi ch communi cates to the hollow fiber nenbrane and the housing. A holl ow
fi ber membr ané\lpdis @ossibie tepsep memberawhich isihe samp agtherhoysing d2twhich of t he
housing is in an approximate Hletter. 49 4. A hollow fiber nenbrane
nodul e acdescrbedjaiove Ebrathenhdusilie?2i nAlsbeit sopssibe touisea emeanthed whichais giegi ng
section for engaging an external supporting section for supporting the

hol | ow fshAgTas MRITRL AR FesiiP$4 uBich s F?g@@éweﬁeif&eﬁe ﬁ%ﬂ%’@mﬁ 78pdul e according

to daim4 wherein: two concave h are sandw ched by the

reinforcing rib_sectjans e forned on .a side qf the_-housing, .and Lwo
convex | anes e %Q@E%éﬁfrr{ngn f&ﬁ&W&Hleﬁ’&r ﬁlﬁc}}oélélpggﬁ I%Prcﬁvﬁgd%ﬂﬁ%ﬁg as

t he engaging section while facing each other are forned on the reinforcing
rib sectweir ovhish ats disrased Hepareliet 2t the ABaRIng SecoR 8P 0B ofh $64s afdhor ane
nodul e unit in which a plurality of the hollow fiber nenbrane nodul es

accor di npehingaastionrd2. ofAlfd, aherweit 84 ds proaided dvithpthe deindipg sexxionwttidhybénds
parallel, wherein an interval (C) between a center (a) in a width direction

of the hpdiskiip 88 bi'the Rt Wyfﬂﬂ%vaf&aﬂﬁ_@{eaﬂt%id@?@l@}e%rléﬁi@isapcﬁﬁiBIthB goir) in a

wi dth direction of the housing in a neighboring hollow fiber memnbrane

ot | ow cBF EfiearOaR insh WRvedi dtind sselp MR e LR Eis WAAPRDBIAT 06

hol | ow C
directiqgn iis forped wherejn: two convex | anes are formed opposite to the

openi ng RBEMBERLIORHG heselRtrntierionsing 7E danicteforatediig amplding pgeratian nal
direction; and the width in the opening section increases by pressing the
convex |Hreesfotepitiiy podsibllé to fealire a dudfidientsiapagity in B @sinAomend sentien®5dul e
housi ng according to C aim7 wherein:

which is sandwiched by the weirs 84. By doing this, the hollow fiber membrane bundle

14 is fixed on the housing 72 by the fixing resin 75 reliably; therefore, a product yield of

the hollow fiber membrane module 71 can be enhanced.

Also, in such a hollow fiber membrane module 71, the weir 84 is provided with
the bending section 89 which bends fro the tip section 88 of the weir body 87 toward
thereoutside; therefore, it is possible to realize a sufficient capacity in the resin pouring
section 85 which is sandwiched by the weirs 84. In addition, it is possible to reduce the
fluctuation in the thickness in the fixing resin 75 after the potting operation even if the
amount of the resin which is poured in the potting operation fluctuates to some extent.

By doing this, the anti-pressure characteristics in the hollow fiber membrane module 71
can be enhanced.

Also, in the hollow fiber membrane module 71, the bending section 89 of the

weir 84 serves as a rib; it is possible to set the higher integration ratio in the hollow fiber

membrane module having a superior anti-pressure characteristics when a plurality of the



the two convex |anes are fornmed in parallel; and a side of the housing unit
and a side of the convex |ane are aligned. 9. A nenbrane nodul e conpri sing:
t he nenbrane nodul e housing according to any one of the Clains 7 or 8, and
a filtering nenbrane, wherein at Ieasﬁ an end section of the filtering
menbrane is fixed to the housing by t @ fixing resin under condition that

at |l east, an end section of .tthe filtering.menarane is.inserted from,the
opent ng holiopt B BFer @it BhdbtEso i a el ie e R (L BSBIEE yisp SR
filtering nenbrane is maintai ned open. 10. A nethod for manufacturing a
menbr ane? hrllow Bberayembrane medukeyl: prpfecably fry arfiltratingprogess imahichdtherg is a

hori zontally fromthe nmenbrane nodul e housi ng according to any one of the
Cl ai ns Timitatin fonesizasf tig unite Wi dth in the opening section; inserting an
end section of the filtering nenbrane fromthe opening section; and fixing
the filtering nmenbrane to the housing by the fixing resin while maintaining
the end section of the filtering nmenbrane opening. 11. A hollow fi ber

menbr ane,f | ' ' 0 ol l ow fi ber nenbrane bundl e

whi ch ar(g(’%‘%ﬁ‘ ﬁé%gﬁ{’ﬁ%ﬁamg‘%s'b‘g%@?gﬁ@'.g?‘}°‘{)“%5ho| | ow fiber nmenbrane as a
sheet are fixed to a housing by a fixing resin_while maintaining an opening
condition in dHGSpéhtnf ehew anexample for tg‘hh"”%ﬁ’ fibey membranggipdiiene wher ei n:
51 the housing is provided with a slit opening section through which an end
sect i on atotdime toché presént erentiembr Here, dbolibve fiber mambranednaduted®t he housi ng
and a weirs which are forned on both sides of the opening section so as to
be par al jpkominbiely &ﬁnﬂmahmu;ﬁﬁ%bs M whRAGnti Aer PRIN 92 13 BN, Bflend &lp @ Wei r
body and "a bendi ng section which bends fromthe tip of the weir body toward
t her eout §d gde, I fi I rdi j,m 11
wherein %e‘u%g‘i?f‘ J‘%?“@ngb%&rl\élgo yﬁ? M{gﬁ%@g& r%ﬁfeg%%gg/é)gtf Qé%b ire

hei ght of the ir. 13. ol l ow fi ber rane dul e according to Claim
15 Sher cind b Shorichaiaghe i anaiher 4 ofBs HR 1 daes PPbVeAa viei 1 and
atip section in another weir and an interval between a base tip section of
a weir aprocessed-water bsit,antliaghodlowt fileen mefmbganehundies14 m whichagéuralitylafitige t o 2: 1.
14. A hollow fi ber nmenbrane nodul e according to Claim1l1l wherein a

t hi cknesgoliow fib& M@Rbanes Bt fsitddasianhdet! angendfisetioch dfah@BolloW fiber

membrane bundle 14 is fixed on the housing 93 by a fixing member 99 which is made of
a fixing resin under condition that the end of the hollow fiber membrane 14 is inserted in
the housing 93 and the opening end section 19 of the hollow fiber membrane 13 is
maintained open. Also, the end caps 95, 96 are fixed on the housing 93 by the fixing
member 99 under condition that the end caps 95, 96 are inserted in the inner path 92
partly.

As shown in FIG. 15, the housing 93 is provided with the hollow inner path 92
which is formed in the housing 93, a slit opening section 100 which is formed on the side
of the housing 93, weirs 101 which are formed unitarily with the housing 93 so as to
sandwich the opening section 100, and a resin pouring section 102 having a concave
cross section which is sandwiched by the weirs 101.

The opening section 100 is a slit hole which serves as a hole through which the



15. A hollow fiber nmenbrane nodule in which an end cap is attached to at

| east an end of the housing in a water-tight manner in which an inner path
which is a path for a processed water fromthe hollow fiber nmenbrane is
formed, and at | east an edge end section of the hollow fiber nenbrane is
fixed to the housing by a fixing menb@f nade of a fixing resinin a

wat er-tight nanner, rein: the fixjn mber fixes the hollow fiber

morbr anég Aesion ot gheFalfp By metabtans bUHIS YA 5 Trssrisdin e Buc B Shd cap on

t he housing. 16. A follow fiber menbrane nodul e according to Caim 15

wher ei n:Alstydéheppeningosection ] O satees asiatfortfremravhich the fisiug resim isipoutediigoi nsert ed
in the inner path in the housing, a large lid section which contacts an end

sur f ace aGksih fpeuh@%qia@e whadhdis xplainee ¢dtém g The ¢ésivpouritg spaeBTbing t he smal |
lid section and the large |id section such that an area in a cross section

ort hogo j hnal.y di J f N8 L% an an
ar caof pade il APt 3R rehoRte Par nk B BTG W Rt Iibrbd 20 20
pouring.space which 1s rmed between an outer per.ipher f.the

P onnect inEreIBReh Bt o4 HBO O eyl e dhpt P ades e Breiwigh the Singne
housing. 17. A method for manufacturing a hollow fiber menbrane nodul e
accordi mgsie.o any one of the Clains 15 or 16 having steps for: containing

t he opening end section of the hollow fiber nmenbrane in the housing from

the openi ng sedké,anisWakdibleits ueanyatenberaviicli thé simeadhe hotigng 32t achi ng t he
end cap on the end section of the housing; pouring a liquid fixing resin

into the‘"ﬂia?ierpra?&?é;%rhg’é’%?ﬁJeritﬁ%P%&,ﬁ?jS formed in a periphery of the

openi ng secti on, ber menbrane on the housing; pouring a

fixing resin intq the resin, pouyj space i.ch is, for.red_bet n,the
housi g and t Ho Satrraa oS Rid| e B8 Gnd3 i proyienni i A8 srgail i

. A2. AY. AE. AE. A2. AaE. AE. A2. A2. A. A. A2. ANE. A; 2. Aa. AaE. A; _

. A2. A, Aseationni3 wbichns insgrtedan Alee imneqpating? 1nthahopgng 93 so as to seal the inner

. AN. Aa. Au. A&NI . AE. Al . AN2. AL; E. A. ANl . ANE. A&(. A& A. A. A9. A. A& E. ALY. Au

R gV=@bwpating2, a flat large lid section 105 which contacts an end surface 104 of the housing 93,
J} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca

] ca] ca] caddnb&alCRESH PRl oF 2bERLGIRIM KA lid section 103 and the large lid section

105 such that an area in a cross section orthogonal to a longitudinal direction of the
housing 93 is smaller than an area of the small lid section 103, a communicating hole 107
which is formed on the small lid section 103, the connecting section 106, and the large
lid section 105, and a processed-water exit 94 which is formed on a surface of the large
lid section 105 so as to communicate the connecting hole 107.

Also, as shown in FIGS. 18 and 19, the end cap 96 is provided with a flat small
lid section 103 which is inserted in the inner path 92 on the housing 93 so as to seal the
inner path 92, a large lid section 105 which contacts an end surface 104 of the housing 93,
a connecting section 106 for connecting the small lid section 103 and the large lid section
105 such that an area in a cross section orthogonal to a longitudinal direction of the
housing 93 is smaller than an area of the small lid section 103.

A longitudinal length and a latitudinal length in the small lid section 103 are
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minutes) is used for a fixing resin, a length of the outer periphery of the connecting

section 106 of the end caps 95, 96 is 30 mm, and the cross section in the resin pouring
space 108 which is orthogonal to the longitudinal direction of the housing 93 is not
smaller than 0.4 mm® (dimension of the resin pouring space 108: thickness is not thinner
than 0.2 mm, depth is not less than 2 mm), it is preferable because it is possible to realize
a continuous fixing member 99. Under condition that the thickness of the resin pouring
space 108 is not thicker than 0.2 mm, and the depth of the resin pouring space 108 is not
deeper than 2 mm, the resin pouring space 108 becomes too narrow; therefore, the fluid
friction loss increases and the urethane resin does not flow desirably. The viscosity of
the urethane resin increases as time passes. Therefore, the fixing resin has a high fluid
friction loss.  If it takes too much time to pouring the urethane resin, the fixing resin
looses its fluidity; thus, there is a possibility in that a defect fixing condition occurs.
Therefore, it is preferable that the resin pouring space 108 is formed as large as possible.

The fixing member 99 serves as a member for fixing the opening end section 19
of the hollow fiber membrane 13 which is contained in the housing 32 while maintaining
the opening end section 19 opened and separating a water-to-be-processed and a

processed-water in a water-tight manner such that the hollow fiber membrane 13 serves
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the housing 93 and the end caps 95, 96 into account so as to choose a preferable member.

For example, when members for the housing 93 and the end caps 95, 96 are ABS resins

respectively, it is preferable to use epoxy resin or urethane resin because of their

desirable bonding characteristics for a fixing resin.

The viscosity of the fixing resin before solidified is not limited specifically.

Preferably, the viscosity of the fixing resin before solidified should be in a range of 500

to 5000 mPa's. More preferably, the viscosity of the fixing resin before solidified

should be in a range of 2000 to 3000 mPa's. If the viscosity of the fixing resin before

solidified is not higher than 500 mPas, the fixing resin flows to the opening end section

19 of the 13; therefore, there is a concern that such a fixing resin cause a blocking of the

opening end section 19. If the viscosity of the fixing resin before solidified exceeds

5000 mPar-s, it is not preferable because it is difficult to permeate the fixing resin in a

plurality of the hollow fiber membranes 13.

In such a hollow fiber membrane module 91, the fixing member 99 fixes the
hollow fiber membrane bundle 14 on the housing 93, the fixing member 99 fixes the end

caps 95, 96 on the housing 93. Also, a member for fixing the hollow fiber membrane

bundle 14 on the housing 93 and a member for fixing the end caps 95, 96 on the housing



10MP9S 109%V& () - L7109%vE' () - 4109%VE' () - 2109%VE () - 0: ! 109 () -

1109V ()-fgj xY:/ 10M 10% & () -|

9! 10% & () -L@0% & ()-Z10% & ()-& 10% & ()-10% & ()- 10M bdE:/ 10M
10% & ()-9!10% & ()- " 10% & () - YlO%&4ﬁ) L 10% & ()-110% & ()-1 |,dE/
10MB&*s! 10% & ()-& 1 10% & () -

"10% & (93- ' t'1
S Il PN i SN,

R AR G e i 0,

dEbC 10M %. 10% o0&’ ( 110 %0&()-'L'lO%o&()-'lO%o&() "10% o0& () -y
10% o0& (hp usms\?aesd:ﬂmﬁ cppsHyHQ6(are g@@hm%%wse%

F.s!10% 0& ()-",10% 0& ()-)10% o0& ()-'10% o0& ()-bC 10M& 10% & ()-10% & ()-
10' o 10' 0 10 o\‘l@d,(il% afl ¢aps 93,1994re pr¢videtl Wth @t&b(s&eti%)ﬁdﬂib@wbﬂjmfd}%e&' )-&
10% & ()-&M 10% &' ()-& s!10% & ()-&S!'10% & () -&@ 10% & () - " psdEbC

10VDs! 104658 (ke R RS Eaclio RAPR Surl T L0RELEI € ] 0% () - OPUERC
1I0ML. 110% & ()-9f, mMO0% & ()-99*110% & ()-9(!'10% & ()-9% ! 10% & ()-#10% & ()
- GLIMNO YNG. 10M o" 1

10" Lo 100 Fqn N %”Wﬁ%?g(ﬁecﬁ_%&f\?%tf herefpres thensten septions Jdsae 3usBRMBONC 10M
t10% ngL'lx(ir)lg member 99 which is filled in the resin pouring space 108, thus, the end caps 95, 96

are prevented from being removed from the housing 93. Therefore, it is possible to fix
the end caps 95, 96 on the housing 93 reliably.

Here, the hollow fiber membrane module according to the present invention is
not limited to the hollow fiber membrane module 91 shown in the drawings. For
example, as shown in FIG. 20, it is preferable to use a hollow fiber membrane module
111 in which both end sections of the hollow fiber membrane 14 which is bent in a
U-letter shape is fixed on a piece of the housing 93.

Also, the shape of the housing is not limited to a rectangular shape shown in the
drawings. It may be acceptable if the housing is formed in a cylindrical shape. In such
a case, the small lid section and the large lid section of the end cap are formed in a
circular plate.

Next, a method for manufacturing the hollow fiber membrane module 91 is
explained.

First, an end section of the hollow fiber membrane 13 which forms the hollow
fiber membrane bundle 14 is cut so as to be opened in advance. Next, an end section of
the hollow fiber membrane bundle 14 in an opening section 100 on the housing 93 such

that an opening end section 19 of the hollow fiber membrane 13 is disposed on an inner
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pouring section 102 and the opening section 100 from the outside of the housing 93 while
maintaining the opening end section 19 on the hollow fiber membrane 13 opened.
Simultaneously, the fixing resin 99° flows in the resin pouring space 108 which
is formed between the housing 93 and the end caps 95, 96 by its weight via the resin
flowing port 109 as a part of the opening section 100. Consequently, as shown in FIGS.
25 and 26, the fixing resin 99’ prevails over the resin pouring space 108 such that the
fixing resin 99’ surrounds the connecting section 106. By solidifying the fixing resin
99°, the attaching operation for the housing 93 and the end caps 95, 96 is completed.
It is preferable to contain the end section of the hollow fiber membrane bundle
14 in the housing 93 after widening the opening section 100 on the housing 93. It is
necessary to open at least an end of the housing 93 so as to widen the opening section
100 easily. For that purpose, it is necessary to attach the end caps 95, 96 on the housing
93 after the hollow fiber membrane bundle 14 is contained in the housing 93.
It is not necessary to apply a bonding agent on the end caps 95, 96 so as to
attach the housing 93 and the end caps 95, 96 together for manufacturing a hollow fiber
membrane module 91. It may be acceptable if the end caps 95, 96 are inserted in the

housing 93. Consequently, by pouring the fixing resin 99’ into the housing 93, the

fixing resin 99’ flows into the resin pouring section 102 and the resin pouring space 108
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Industrial Applicability

As explained above, in the hollow fiber membrane module according to the
present invention, a maximum width (A) in an orthogonal direction to a longitudinal
direction of the hollow fiber membrane is no longer than 25 mm in a cross section which
is orthogonal to a longitudinal direction of the housings, and a maximum deflection in
the housings which are measured is not more than 1 % of a distance between the two
housings, therefore, it is possible to enhance the integration ratio of the hollow fiber
membrane module per a unit volume of the hollow fiber membrane module unit in which
there is less deflections in the housing caused by factors such as an air bubble; the
entanglement of the hollow fiber membranes does not occur.

Also, if the housing is provided with the reinforcing rib section for strengthening
the housing, it is possible to restrict the further more deflection in the housing.

Also, if the cross section in the housing having the reinforcing rib section is in
an approximate H-letter shape, it is possible to handle the hollow fiber membrane module
in a manufacturing process efficiently. Also, it is possible to set the high integration
ratio of the hollow fiber membrane module in the hollow fiber membrane module unit in
a designing process; thus, an anti-deflection strength of the housing increases.

Also, if the housing is provided an engaging section for engaging an external

supporting section for supporting the hollow fiber membrane module, the external
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engage the external supporting member on the housing reliably.  Also, it is possible to
attach and detach the hollow fiber membrane module with the external supporting
member.

A hollow fiber membrane module unit according to the present invention is a
hollow fiber membrane module unit in which a plurality of the hollow fiber membrane
modules are disposed approximately in parallel, and an interval (C) between a center (a)
in a width direction of the housing in the hollow fiber membrane module and a center
(a’) in a width direction of the housing in a neighboring hollow fiber membrane module
is no longer than 25 mm. Therefore, it is possible to set the high integration ratio of the
hollow fiber membrane module unit per a unit volume, and also, it is possible to
minimize the deflection in the housing due to factors such as an air bubble.
Furthermore, it is possible to prevent the hollow fiber membrane module from being
broken after a long period of usage.

Furthermore, according to a method for manufacturing a membrane module
according to the present invention, a pressure is applied on the reinforcing rib section
(convex lane sections) horizontally from the housing of the membrane module so as to

widen the opening section. After that, the end section of the filtrating membrane is

inserted through the opening section, the filtrating membrane is fixed on the housing by
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which are formed on both sides of the opening section so as to be parallel with the
opening section, and the weir is provided with a weir body and a bending section which
bends from the tip of the weir body toward thereoutside. Therefore, it is possible to
eliminate approximately all of the defect potting operation caused by factors such as
inaccuracy of the dimension in the housing and the inclination of the hollow fiber. In
addition, the thickness of the fixing resin is uniform; therefore, the hollow fiber
membrane module has superior anti-pressure characteristics.

Furthermore, in a hollow fiber membrane module according to the present
invention, an end cap is attached to at least an end of the housing in a water-tight manner
in which an inner path which is a path for a processed water from the hollow fiber
membrane is formed, and at least an edge end section of the hollow fiber membrane is
fixed to the housing by a fixing member made of a fixing resin in a water-tight manner,
the fixing member fixes the hollow fiber membrane on the housing, and the fixing
member fixes the end cap on the housing. Therefore, the end caps are prevented from
being removed from the housing; thus, the end caps are fixed on the housing reliably.

Also, in a follow fiber membrane module according to the present invention, the
end cap is provided with a small lid section which is inserted in the inner path in the

housing, a large lid section which contacts an end surface of the housing, and a
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Also, a method for manufacturing a hollow fiber membrane module in the
present invention has steps for containing the opening end section of the hollow fiber
membrane in the housing from the opening section which is formed on a side of the
housing, attaching the end cap on the end section of the housing, pouring a liquid fixing
resin into the resin pouring section which is formed in a periphery of the opening section,
fixing the hollow fiber membrane on the housing, pouring a fixing resin into the resin
pouring space which is formed between the housing and the end cap, and fixing the end
cap on the housing. Therefore, it is possible to manufacture a hollow fiber membrane
module having a superior physical strength in an area in which the housing and the end

caps are attached together easily and efficiently.
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the hollow fiber membrane is no longer than 25 mm in a cross section which is
orthogonal to a longitudinal direction of the housings; and
a maximum deflection in the housings which are measured according to a

method for measuring the deflection according to the present invention is not more than

1 % of a distance between the two housings.

2. A hollow fiber membrane module according to Claim 1 wherein each of housing is
provided with:

a resin pouring sections to which the fixing resin is poured,

an opening section to which an end section of the hollow fiber membrane bundle
is inserted; and

a reinforcing rib section for strengthening an inner path which communicates to

the hollow fiber membrane and the housing.

3. A hollow fiber membrane module according to Claim 2 wherein a cross section of

the housing is in an approximate H-letter.



10H 10H 10H&9! 10%& () -, 6---D. .. dEbC
10H10%4& () - ! 10%& ()-!10%4& ()-y! 10%& ()-9 10%4& ()-L' 10%& ()-./f//
0CO0dEbC 10H Y% 109%4&' () - #10%& ()- & Z10%& () -
10948 () - 310%4& () - S10%4& ()-00D1T11]11dEBC 10HS210%H& () - &L010%H&' ()-"
109448 () - +- 10%4&' ()-) Y10%H& ()-' " 108448 () - 1K22222223bC 10H
10% & (), 10% & () . 10H 10H . . . L
ToHEo0: 11 oo RIS BB HeMpIAne mogylertsspiding to iz, 1 herfis the housing is
10H'10% & ()-L 10% & ()-10% & ()-F, , _ ,
1 10% & (Proydechan engeping seoran oy cagaginpracarne suppeeting seqtign for sypporting
10% & ()-!10% & ()-10% & ()- " 10% & ()- 10% & ()-6; 7777888dELC
10H&! . - 1h&hdlldy fiBer, thdiABhage fodulel0% & () - & S
10% & ()- 9%d0% & ()-f#10% & ()-8, 999+: ::::dYNC 10H 10\ 10\
10\ &9! 10% & ()-&F7 "10% & ()-8& "10% & ()-& "10% & ()-S010% & ()-:::<;
. dEYNC 10H 10% & ()-9 10% & ()-9 "10% & ()-9 "10% & ()-& "10% & ()-
10% & ()e; % ={.==dEYNC 10H L109% & ()-9@10% & (,)-LS
109 & ()S:L!‘%Qjofcé"? 9@‘“?‘6‘&5"&’3(‘3"- /%c&‘"éd}@g: >éh§'£“ %é%&“é‘i‘n\lc 10H
+10% & ()-L)10% & ()-'10% & ()-LYY0% & ()-L, # 104 & ()-L '10% & ()-? @ @@
Al AMAAJE: /  10two@ondaye jams which are sabwiched byshe o gsigfarsing sibisgoticpsaye * » of
109% & ()-"3.110% & () - AAAB! BgBBCXY: /

formed on a side of the housing; and

two convex lanes which extends in a longitudinal direction of the housing as the
engaging section while facing each other are formed on the reinforcing rib section so as

to face the concave lanes.

6. A hollow fiber membrane module unit in which a plurality of the hollow fiber
membrane modules according to any one of Claims 1 to 5 are disposed approximately in
parallel, wherein an interval (C) between a center (a) in a width direction of the housing
in the hollow fiber membrane module and a center (a’) in a width direction of the

housing in a neighboring hollow fiber membrane module is no longer than 25 mm.

7. A membrane module housing having a hollow columnar shape in which a slit
opening section in the longitudinal direction is formed wherein:

two convex lanes are formed opposite to the opening sections which sandwich a
hollow section in the longitudinal direction; and

the width in the opening section increases by pressing the convex lanes

horizontally from the housing.
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fixing resin under condition that at least an end section of the filtering membrane is

inserted from the opening section of the housing, and the opening end section in the

filtering membrane is maintained open.

10. A method for manufacturing a membrane module having steps for:
pressing the convex lane section horizontally from the membrane module
housing according to any one of the Claims 7 or 8,
increasing the width in the opening section;
inserting an end section of the filtering membrane from the opening section; and
fixing the filtering membrane to the housing by the fixing resin while

maintaining the end section of the filtering membrane opening.

11. A hollow fiber membrane flat module in which both ends of hollow fiber
membrane bundle which are formed by bundling a plurality of hollow fiber membrane as
a sheet are fixed to a housing by a fixing resin while maintaining an opening condition in

an opening end section in the follow fiber membrane wherein:
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range of 10:9 to 2:1.

14. A hollow fiber membrane module according to Claim 11 wherein a thickness in the

opening section is in a range of 0.1 to 20 mm.

15. A hollow fiber membrane module in which an end cap is attached to at least an end
of the housing in a water-tight manner in which an inner path which is a path for a
processed water from the hollow fiber membrane is formed, and at least an edge end
section of the hollow fiber membrane is fixed to the housing by a fixing member made of
a fixing resin in a water-tight manner, wherein:

the fixing member fixes the hollow fiber membrane on the housing; and
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the fixing member fixes the end cap on the housing.

16. A follow fiber membrane module according to Claim 15 wherein:

the end cap is provided with a small lid section which is inserted in the inner
path in the housing, a large lid section which contacts an end surface of the housing, and
a connecting section for connecting the small lid section and the large lid section such
that an area in a cross section orthogonal to a longitudinal direction of the housing is
smaller than an area of the small lid section; and

the fixing member is filled in a resin pouring space which is formed between an
outer periphery wall of the connecting section of the end cap and an inner periphery wall

of the housing.

17. A method for manufacturing a hollow fiber membrane module according to any one
of the Claims 15 or 16 having steps for:

containing the opening end section of the hollow fiber membrane in the housing
from the opening section which is formed on a side of the housing;

attaching the end cap on the end section of the housing;

pouring a liquid fixing resin into the resin pouring section which is formed in a
periphery of the opening section,;

fixing the hollow fiber membrane on the housing;

pouring a fixing resin into the resin pouring space which is formed between the
housing and the end cap; and

fixing the end cap on the housing,.



