;\]"_e3e@F, 6bT DESCRI PTI ON HOLLOW FI BER MEMBRANE MODULE 5 Technical field
The present m ates to a hollow fi ber nenbrane nodul e used in the
field of vvatmm“ﬂm“\mm“ for tap water Xuch as river water, |akes and

mar shes water, upgerground water, and underflow water: secondary treatnent

waste water; sea water: water for 10 industrial use; process water; or the

i ke. More speci fically, the presepgséry®idgyon relates to a hollow fiber
menbrane nodul-e in which a potting naterial for bonding and fixing holl ow
fi ber menbranes in a fluid tight manner to a nodul e housi ng conprises a

fl exi bl “ 5 Background art A hollow fiber nenbrane nodul e has
oo o DU o eyt it o oot e

20 of ultrapure Water for washing sem conductors or pyrogen free water; in
a closed process wherein el ectrodeposition paints are colfiected; enzyne

condensat i r rem)val in fernmentation liquid; and renoval of
t ur bi di ?QS%Q%%%% f'lv:\% er, waste water or the |ike. Anmong the above, in the

wat er treat ment fiel n 2 e vvat er,
a larger scale h&ﬁ%esfe%%grnvgn%%rar% #De {: hé’ggcr’ %:em%m eléann\é\% fided to
reduce the % Saim(? gsi& og—kg,r %t of Sitrdl | n t k‘gl I oW, f| bermwggb 8.

nodul es as descri be 5-AbVE, epox re S&enc usecF as a potting

Taterlal f 9larlend] At A" hadia"RhL QY un%%egggm Yaesr AN £ oHRGHE Pow
ousi ng. Howe

water; secondary treatment waste water: sea water; water for
10 industrial use; process water; or the like. More specifically, the
present invention relates to a hollow fiber membrane module in which
a potting material for bonding and fixing hollow fiber membranes
in a fluid tight manner to a module housing comprises a flexible
material.
15
Background art
A hollow fiber membrane module has been widely used, for
instance, for membrane filtration treatments in the production
process of varilous industrial products such as in the production
20 of ultrapure water for washing semliconductors or pyrogen free water;
1n a closed process whereln electrodeposition paints are collected:;
enzyme condensation; bacteria removal 1ln fermentation ldiquid; and
" removal of turbidity from pure water, waste water or the like. Among
the above, in the water treatment f£field such as treatments for tap
25 water and waste water, a larger scale hollow fiber membrane module
has recently been demanded to reduce the treatment costs.

Heretofore, in the hollow fiber membrane modules as described



there has been a problemthat high elasticity of the epoxy resin causes
easy breakage of the hollow fiber nmenbranes at the bonding 5 interface with
t he epoxy resin. Therefore, the techni gtie of preventing breakage of the
hol | ow fi ber nmenbrane around the interface by filling the bonding interface
bet ween epoxy resin and hollow fiber menbranes with flexible resins such as

silicone rubbes, RexherdsROARE %en"@%ﬁ@a?&it%iﬂ& %Q%ﬂé‘ﬁ?fo%hl?oriﬁi%‘féga(?k in

that 10 the bonding Step had to be conducted twice, resulting in inferior

economi cal a@hf #GERRCHo1 B (18P AGibAARE. add'@ HMe€u Y nGSifpNensRSIdr as a
potting material has been recently proposed (e.g. JP-A-7-47239 and

JP-A-7-14843d}e Y 1REANR! GrovhRiftiatt 1A3R €1 86 ASRS bPathd!kEbReNFedigSIi N

prepared by curing prepolynmers having an i socyanaté 15 end group obtai ned

from di phenyl,sgBt pALARAGY BRALG 39180 S5Pey heht. ARyt aag g&y@%lg (
hereinafter referred to as PTMs ) and a curing agent conprising PTM> and

castor 9l jQkefPide/ahiMe PR YOhoRf FESIPOr Ohlerd28rd, htRbete i figrdeerier at ure
in the rubber region of nore than 100 C and a storage nodul us of the | evel

of 10" N niapenesdip! bowadyd | ber tREMBLaDsy ML pRLBFARI HYoukd Nehd hi s

urethane resin as a potting material can stand continuous filtration of hot

wat er of 9QneeHRLES vy FlifRIERhd ¥onBifS INterLicd betwdhR e?o%_p GeiRa) adPr 6

nont hs wi t hout | eakage. However, the urethane resin constructed as the

above can hpndby fADedGidndien sk Qf1386r 784 bh 8 SreQfs nkle ¥ ¥s Q5 1 QY e rA6bér
result, there are problens, in that potting portion considerably transforns

by di fferenasPpess HddpRBd. | eRKEYEr SaH1 Y pPEElsS nthethd urhibadoRbethdor 3
a hol |l ow fiber menbrane nodul e having a ?arge di aneter. Furthernore,

JP- A- 7134844k €686 M5 8T ehRad @6NPE Wi ali0Eed BHELNIrd A thhgNE| AnFBLLOR Of
potting portions by using a unit filtration elenent conprising a holl ow

fiber nenbreydachuss] @£pibisda). e6h khe 3 thkdirdnRETRAMSOPLRLEEL hd@esin
cylindrical tube and a beam having a length extending fromthe potting

portion at e ptE10§ Mdtereas hallosdngeddh tiifepRoddead( 9.t JBM-Ft-at7he9 Ot her
end of the case housing. However, this nodule construction has the problens

of a conpl exnarerp-arQt-wABARL NI OCESS @tdhplegh JP0RL 3- PELAUSE Rfloé 88 that

urethane resin prepared by curing prepolymers having an lsocyanate

15 end group obtained from diphenyl methane diisocyanate and polyoxy

tetramethylene glyocol (hereinafter referred to as PTMG) and a curing

agent comprising PTMG and castor oil or derivative polyol of castor

oll has a higher side temperature in the rubber region of more than

100 °C and a storage modulus of the level of 10’ N/m?* and a hollow

20 fiber membrane module obtained by using this urethane resin as a

potting materlal can stand continuous filtration of hot water of

90 °C under a differential pressure of 0.2 MPa (200 KPa) for 6 months
without leakage.

However, the urethane resin constructed as the above can hardly

25 achieve storage modulus of 10® N/m? or more. As a result, there are

problems, in that potting portion considerably transforms by

different pressure and leakage easily occurs when it is adopted for



10 material for producing the unit filtration elenent and the beam materi al
and of the processes for assenbling these materials. WO 97/10893 di sc

| oses, as a neans for preventing transférmation of the potting portion and
inmproving durability, arib fixed directly to the inner wall of housing in
the state of being 15 enbedded in the potting portion. This docunent also

di scl oses fd %oRPoR Ve iMerdhBEbrdre dduly ERAMRIgNat 1 §fyLlaiBREedes, fixing by
screwing and integral nolding as a neans for fixing rib directly to a

housi ng. Mor eovesyrth@embfeNNabORY7 f s 3R eVENd10ge dar@@e edcmilguengediortion
or inproving the seal property is also disclosed 20 in JP-A-63-171606,

JP- A- 6- 29683¢uaiflg Jehd t%n%@@ﬁ?%id& ¢l 8§’e‘f:@nngpotrlE?oﬁé‘vt?ymds(iﬂg-rgeuﬂi?sent

invention ains at providing a hollow fi menbrane nodul e which can

mai ntai n a pnachi el BLERGH! ecémi%hﬁﬁcea oL 16U (H18kr mﬁbpaﬁéeehnam/entl on
al so ains at providing a | arge-scal e | ow fi ber nmenbrane nodul e which can

maintai g a ims%au&all 1PE§ ui&-ge%ﬁessi@%&mtaﬁgCém%%ieal RRY4ChAE a

br eakage 4 of hol om1f| nmenbranes at the intérface of the potting

portion w o h&ﬂr@“&”iél%&h@x{&{dﬂn@gf% thO Mo NGOG 1 ohNE: Rine Sfdt

invention also ains at 1nproving durability of the potting portion in the

hol I ow fi begr RREUARCHARSUHF ta OV !p'BQti’ﬂ{g”b%rEQéh SIARRE citel &a drhehd OW
fiber nmenbrane nodule using a potting nmaterial conprising silicone resin or

the like. ThaePhessitlg. NGRS bRYS Mﬁ@e%ﬁ%&h&@ié&%ﬁ%r £ f2oBEbhevVe the
above- menti oned obj ects and have finally acconpiished the present

i nvention. J aNaBRpYex tnﬁ%u@é@&ffﬂtnd B?f@@ééQrhnﬁieh%ﬁ%cis@sab@é’éﬂs@”off' BRé
menbr ane nodul e conprising a nodule housing; a | ow fiber menbrane bundle

conpri 9pNg atdrdhdl Eby ﬁod&%hhﬁ"\’tﬁé hﬁﬁtﬁ%&@&@@@ﬁm dhehEAElar&n@NEeRRN L i ON
of the bundle being fixed on the housing; and a rib or ring, at |east one

part of thendieigl AhdBHHeHBIpLSREALRdrbR fsslembl@hli A0 MEEER14isi NY &
hol I ow end portion of the hO|FOM/fIber menbrane in the housing with a

potting materialwon dneicdsat e aenesas ol how or Iné@@s t hegepfpiévedpeig
wherein the potting material is a flexible material t he rl% ring is

fixed on anttdhgormatiomwiort bige BtELAY ;ertiiahe&rcﬁliwrm:cbeau%bmﬂy,i gner
wal | of the housing, 20 and the rib or ring is enbedded In the potting

portion w tRBIEigkd @EEbyt 3006 atiel 1ither@alIObE BWubihe inNEIDs e oblyeaayer ,
the present invention enconpasses an external pressure filtration nethod

conpri sisng émhyddedngna thaWwpbet Big fgddPief. outels sddduaeft Shligo odistiwelesow
fi ber nmenbrane bundle and collecting 25 a penetration water fromthe inner

surface sideisiing by Wendieg Pysusingg viyheonbovsetigaintdronedchées | oftfiingeby
menbr ane nodul e. 5 Brief Description of the Drawings Fig. 1 is a

| ongi t udi nascssadihnigoand At teyralomsd UL aéXaMidanso Eok heistiold ewbf dtwsctrgnbr ane
nodul e of the present invention; Fig. 2 is a sectional view show ng an
exanpl e of tde monsusgd SIolréo“rdSIe hes esthndMefit £6R; prévintingSdamass tofonal
vi ew showi ng an exanple of the rib used in the present invention;

potting portion or improving the seal property is also disclosed

20 in JP-A-63-171606, JP-A-6-296834 and JP-A-11-300173.

Disclosure of the Invention
The present invention aims at providing a hollow £iber membr ane
module which can maintain a practical pressure resistance.
25 Further, the present invention also aims at providing a
large-scale hollow filber membrane module which can maintain a

practical pressure resilstance and is capable of reducing breakage



Fig. 4 is a sectional view show ng an exanple of the rib used in the
present invention; 10 Fig. 5 is a sectional view show ng an exanple of the
rib used in the present invention; Fig.46 is a sectional view showi ng an
exanple of the rib used in the present invention; Fig. 7 is a perspective
vi ew showi ng an exanple of the rib 15 fixed on the inner wall of the

housi ng by o‘foﬂp.ﬂﬂ& ifQQ%mee%%E‘gngé;afltgﬁ ﬁlée%f%cée&i{ itﬂ@aﬁoﬁltii% . Wd}g an

exanpl e of the fixing device used In the present Invention; g. 91is a

sectional \Jj;@Wo5HO0M Gt ADn § AP 1@ n§r§5£€%§509 device used in the present
g.

i nvention; 20 Fi 10 1s a“sectional Vview showi ng an exanple of the fixing

device used in tRg-BEeSENt chOVERIIANR: Fidneldn! 180 58%hi 0BR! 1ibeus AP nO

an exanple of the fixing device us in the present invention; Fig. 12 is a

secti onal \du%wbﬁwa?g tﬁ% é)%&gffgl_; S0t 1 8n fitinkind 189 sd¥E remSEtk hHad e

present invention; | Sectional view show ng an exanple of the

fixing deviggiHgedoht ﬁeaﬁfegaﬁgeegacﬁ ReNhb2Pow fi@ﬁfh\gmb)#ﬁié foduReatimpal

vi ew showi ng an exanple o I XI ng device used I n the present |nvention

g 10 1o #pReeiionaleefualt Shighindodns PIATHLE 8hs N5 fh| foglevi ce used

the present inventton; _ is a sectional view show ng an exanpl e

s e R S T i

exanpl e of {fae JyovkOfentioned objects and have finally accomplished the
present invention.

10 Namely, the present Ilnvention relates to a hollow fiber
membrane module comprising a module housing; a hollow fiber membrane
bundle comprising a plurality of hollow fiber membranes, at least
one end portion of the bundle being fixed on the housing; and a rib
or ring, at least one part of the rib or ring being embedded in a

15 potting portlon fixing a hollow end portion of the hollow fiber
membrane in the hous ing with a potting material in the state where
a hollow portion therepof is open, wherein the potting material is
a flexible material, the rib or ring is fixed on an inner wall of
the housing or integrally molded with an inner wall of the housing,

20 and the rib or ring is embedded in the potting portion without
directly contacting the hollow fiber membrane.

Moreover, the present invention encompasses an external
pressure filtration method comprising supplying a raw water from

an outer surface side of ahollow fiber membrane bundle and collecting

25 a penetration water from the inner surface side of the bundle by

using the above-mentioned hollow fiber membrane module.



device used in the present invention; 10 Fig. 18 is a perspective view
showi ng an exanple of the fixing device used in the present invention; Fig.
19 is a perspective view showi ng an exahple of the integral nolding of cap
and fixing device used in the present invention; 15 Fig. 20 is a

per spective view show ng an exanple of the integral nolding of cap and
fixing devBeteflTRGoriptien WEethBt Didwimys on. Fig. 21 is a perspective view
showi ng an exanple of the integral nolding of cap and fixing device used in

the present 20 iresnt Lol aFilengiFhdinad PeitpRaali Wew sRow S Whngkaiplexanpl e
of the integral nolding of a flange with holes for bolts and a fixing

devi ce usedfi thé t1pbRSLiber MeRBLANE; mddWQe 38 tite precbftlnvent@oht onal view
showi ng an exanple of 25 the inner wall of housing of the nodule in which

one ring and an irpr2wal & sebthondi Rgerishowbhg el d:almpJeadd Yhe MiiB.ustd is a
schematic sectional view show ng an exanpl e of the inner wall of housing

of the sroduhethd puseltt ¥Wvdrntigns and an inner wall of the housing are
nol ded integrally; Fig. 25 is a schemat is sectional view show ng an

exanpl e of bondi ngidli § 1$s@@Gebltiof@nit bl WhakifigdShi & rpflel e tROttibNgsga0r t i on
on 5 the opening side of the hollow portion of the hollow fiber; Fig. 26 is
a schemat iia sRetpx¥s@ntvigversiion;ng an exanpl e of bonding ~ ig used for
centrifugal casting of the potting portion on the sealing side of the

hol | ow portion ofFidie4hial & GuchibREl viteq. shdwih§ ah siyIRlof Sheadb ass Vi ew
showi ng an exanple of 10 tube-shaped tool for producing openings for
suppl yi ng dawthat@fes@nt invention;

10 Fig. 5 is a sectional view showing an example of the rib used
in the present invention;
Fig. 6 1s a sectional view showing an example of the rib used
in the present invention;
Fig. 7 is a perspective view showing an example of the rib
15 fixed on the inner wall of the housing by combination of notches;
Fig. 8 is a sectional view showing an example of the fixing
device used in the present invention;
Flg. 9 is a sectional view showing an example of the fixing
device used in the present invention;
20 Fig. 10 1s a sectional view showing an example of the f£ixing
device used in the present invention;
Fig. 11 is a sectional view showing an example of the fixing
device used in the present invention;
Fig. 12 is a sectional view showing an example of the fixing
25 device used in the present invention;
Fig. 13 1s a sectional view showlng an example of the fixing

device used in the present invention;



t he sealing side of the hollow portion of the hollow fiber; Fig. 28 is a
sectional view show ng the integral nolding of flange and fixing device
used in Reference Exanple 1; Fig. 29 issa sectional view show ng tha
integral nolding of 15 flange and fixing device used in Reference Exanple
2; Fig. 30 is a sectional view show ng the integral nol di ng of flange and

f| Xi ng devi ce us i n Ref erenc 31 is mat sectl onal
vi ew show ng thee"'g tat ussaLF %ioﬂﬁg&&ﬁﬁ g&owfggnﬂ‘ SEA gecll—1 ]L:f

schemati c n vr ew, show n he rat us used in Exanple 3 Best I\/bde
for Carryi n%ﬁﬁ? '%1 IiHVEﬁ?r%reS%Pé ”iv Péchenmat | C view show ng an

e B BT AL
81 ( a holdlaggc?r sedert'é'n‘s%‘ I% ‘?f]’“?%‘rr ding arrgl urality of hollow fi ger
open hofl ow end pRie] &?(%?dt%rea %sttﬁe‘}r% 3P Ehir o SR PP Y | e
of the moAUTELR- *%12% gp#m& HBTPER P TiBed i ntear ai 1y with a cap 715
Flo D) on the outSraed Uderctel Br THe ALY Xee” ot PRS- pbt (4 porti on
6 where the hol | ow %a?‘e aon_ of the rlglel w fi.ber. menbrane.is Lben fg_13(_)nThe

is a ers ect ew showing an example o
nodul e housi ng i ndi s a case or & car ridge case driectt

contacting 408 O&ééé)qnoq:lhgl ﬁpese@%aggngs Pf the material of housing

i ncl udes polysulfone, er sul fone poni ‘'vpropyl ene, ABS resin, AS

I d I
B e o O GBS N LR B
copol yner r(fes,r Be &% Iie,lnec Hﬂént{o R%Wi &he copol yner resin,

e
tetrafl uoroet yFene exaf Ptﬁo#opropy ene copo’l yner resin, polycarbonate,

pol yet _he_r ketones thepyg g&g@\{v MW@E@*@ “é:%m%ﬁ.e g@d ol ymer

conposi tions thereo i ncor ng gl ass |ca

fine powderynq @EQ?nmgiﬁfnspo‘ypeé t"]h%%g‘%ﬁ Q?QCé uﬁé&ﬁlr%tdnough%q%egﬁoal 1

such as stal n €ss stee al um nt?m F ani um usi ng
is not |imgRAnkRogize, the present invention particularly shows remarkable
ef fects when the housi ng has a large dianeter, e.g. ( outer dianeter 25 of

80 to 480 mm ' Ihgagt hhgkpgess Qirs a8t Wi 1)y |shohg | bifi L£ehpARd caRpbe

sel ect ed appropri ately accordi ng e used wat er pressure of the nodul e.

9 The pr eSGIHtég%Q”Fnbl&ﬂn&%'Préaé?Saﬁ rﬂi@ciﬁ ARl 9be Aubdd o 4 P GHARALLN the

pot ting portidon 6 as shown in 'n order 1o restrarn transforrratlon
of the pottifi@nRephion 6 or nmaintain durability.

Fig. 21 1s a perspective view showing an example of the

integral molding of cap and fixing device used in the present
20 invention;

Fig. 22 is a perspective view showing an example of the
integral molding of a flange with holes for bolts and a £ixlng device
used in the present invention;

Fig. 23 is a schematic sectional view showing an example of

25 the inner wall of housing of the module in which one ring and an
inner wall of housing are molded integrally:

Fig. 24 is a schematic sectional view showing an example of



5 The rib preferably has a cross-section perpendicular to the |ongitudinal
direction of the hollow fiber nenbrane nodule in a shape selected fromthe
group consisting of a cross shape, a laftice shape, a radial shape and a
conbi ned shape of cross shape, radial shape and circul ar shape as shown in
Figs . 2 to 6 fromthe view point of 10 uniform support of the potting
portion angdndMirirmwhDBicd hetsOly @ff the dduievad idRenNBrdrangs dd Raut
causi ng an unnecessary decrease I n the nunber of hollow fiber nmenbranes
instal | ed. jRher rd1106£! tH HonseAhesse dndrtebnenfrta1n§g portion fixing the
end portion of the hollow fiber nenbranes with a potting material 15 in the

state where a holfoy perid arsdneRke et dertaPBA1 WilkhOsttowdnges lekampné &t | Ng
the holl ow fiber nenbranes fromthe viewpoint of durability of the potting

portion. Thenbergjignbasiedr Jepkel fuddCldadesnd otatite Yott En@ PR refomidl e part
of the rib or ring is enbedded in the potting portion. It Is preferred that

the whoie Rakt oféniif s2deldd the hbMfow SpHHISH F€GH hbNEoWOtidery portion in
order to inhibit damage of the cutting device caused by the rib when the

end portion of theihobkoy ki RHemZ®IBr AR 1iohat Uk WOs R BE 3Qinp@W g¥or tion
thereof , or to inhibit the hr eakage of the holl ow f ibex nmenbrane caused

by hori zontahath§raly @fedkok entRhe@Ya] i@ 1AB B @H@%o@‘ﬂ&h@%&ﬂt&oﬁ%n

filtration operation. Accessories can be optionally attached to the rib or

ring accor ¢nhedsb81 Usp@RdeFOF tHESHhBNEEw FoAQK BArMNEnd Ao1M8ROENEE modul e can
be arranged in the center of the rib. 10 The rib or ring is enbedded in

the potting portipogwatzhpilta skHenkliy SO ¥l NeldwsSh&dPunfdhaip1eesbr ane.
The potting portion should have chem cal resistance at a simlar level to
the holé ow tubbeEhaFEd 3L F ol pFeiifding. oferifigel f6d sApplfrddeblrivigeRosd | 0N
which 5 exhibits sufficient chem cal resistance in a nmass form sonetinmes
exhi bits exnecsehyindfAideoss dtHeaiohiby portidnhion €hd mMoloew £iberefore, the
rib or ring should not contact the hollow fiber menbrane directly. The
present inventionrigclagdes arse@ehithalhavéwghowind thet intdgralrméiing 6bdul e
having a ring but not a ri b, and a 10 nodul e having both a rib and a ring.
I n the case&laihga andufixifgvdéegideotudea Lh Mefdi@neelExamplle 1$ NOt necessary
that both rib and ring are enbedded w thout directly contacting the hollow
fiber menbranes, &fg.i29 is ayéétiinal veew whbwibgithei ifsdgrall moldiaydofing is
enbedded without directly contacting the hollow fiber nenbranes. It is 15
preferned tflangeothdrfiximgddevitg: aisede theRelfa-encehpgdmnplier 26t | y cont acti ng
the holl ow fiber nenbranes fromthe viewpoint of the durability of the
potting portion. ARighaoghstaheect Sindiceibriseing ther ibhtayrali ngladrdy bhe

hol | ow fi ber nmenbrane is not limted, the m ninmumdistance is preferably 20
1 mm or norflangepand fixisly dealde ubedS innReferamce Exanglleyet; nore pr
eferably 2 mmor nore . The maxi num di stance bet wean the rib or rin g and
t he cl osest hol | owigi b3l iserbchematic thetiodnloview showingrtdecapgranati® mm or
| ess, nore preferably 5 mmor |less fromthe viewpoint of securing the
nunber of huiddwnf Egampleaiir ands2i radal | ed in the nodul e. The 25 di stance
between the rib or ring and the cl osest hollow fi ber nenbrane to the rib or
ring i 20preferabl Fig.t32 16 arsrhematelppeftiendly vie® showlng rihe apRaratmse
preferably 2 to 10 mm and nost preferably 2 11 to 5 mm It is preferred
that a fil lwsRf i@y Eragpisisting of the potting material an d having a
thickness of at least 1 mmis laid between the rib or ring and the holl ow
fi ber nmenbrane fromthe 5 viewpoint of the durability of the potting
material, though a | ayer consisting of other materials can |ie therebetween
for the purPese MdenfiPht GaTHYRB9gaOerthe Fngpsti®Re or nore. The thickness of
the filling layer is preferably 1.5 mmor nore, nore prefer ably 2 nm or

nmore. Al though th&¥gaxi hpteherasis wew aeowing paeHagpde ¢£ the hollow

25 fiber membrane module (hereinafter simply referred to as module)
of the present invention. As shown in Fig. 1, the hollow fiber

membrane module of the present invention comprises a modul e housing



10 not particularly limted, it is preferably 10 nmor |ess, nore
preferably 5 nmor |less fromthe viewpoint of securing the nunber of holl ow
fi ber nmenbranes installed in the nodul es The range of the thickness of the
filling layer is preferably 1 to 10 nm nore preferably 1.5 to 10 mm even
nore preferably 2 to 10 mm and nost 15 preferably 2 to 5 mm Exanples of

f ' he di f I b ' d t.he holl
{1 bor mombns AR AR LS, RO CaRPEtF Mgl F ROFPOEY BT os are
bonded and f.i xed t h other. by th terial th tt] terial
- advance ARAC NP ERE 2 FORUBLha FAEE Rof iyt BB SEhGrSRE Shnal e | <
(5) & ot ho ot ouSh HRLdre bpPRaSha of, BRE sSnab Cinter” FRubeiie "

i al ' i al | ' |l he hol |l fi nmb
bundl e 1 EREURBLATAFS. FEFSE ROERERAS R eR 1051 PN 1 Bt TP SREDS or o
bundl ed_b LNng-gh d tool | Si th ' t tti
vator | af A (hBh AngDalT S0 SHERRR: Of 1 ROTLI g AT Ry "at PEBSaARTBFe ri ng
fixed th t | ik Th d_f fixi t ' t [
vl | of e REAEPAGLTSSBL Pl GPFy (et EopoddheRug e O-ERas ¥ '
b i ther f] di t] t he i LI _of th | b | di
conbi nat 1 o) WO RS RES B Cbr i e A gl +) i RS PHESEH s

'l of the h i na. . Fi 7 I f 1 f fixi t h ib
S and the | HRGPE e o1 EhE SRR FEPRG LN, PR G5 Ve Ree (08 BREKHT | he

shown in Fi 'r.tJ.Lbnt hg ?6 fixed on the inner wall of the housing 1

i b
t hrough the ring 4°asthdaeglc%g%&édpjgoéﬁro@fm‘?ﬂarﬁ!lss CB%%: the rib may be either

fixed dyrectly on thg "Bé‘&ffe bhbidd 1861 L06 d aWof1eM™RALE Y, DGR bhYe Wi LD
the ring. The rib ray be 11xe
case directly contacting the potting portion. Examples of the
material of housing includes polysulfone, polyether sulfone,
polypropylene, ABS resin, AS resin, polystyrene, polyvinyl chloride,
polyvinylidene fluoride, polytetrafluoroethylene,

15 tetrafluoroethylene-perfluoroalykyl vinyl ether copolymer resin,

ethylene-tetrafluoroethylene copolymer resin,
tetrafluoroethylene-hexafluoropropylene copolymer resin,
polycarbonate, polyether ketones, polyphenylene ether,

polyphenylene sulfide, and polymer compositions thereof
20 incorporating glass fiber, carbon fiber, silica fine powder, carbon
fine powder or the like, and further includes metals such as stainless
steel, aluminum alloy and titanium. Although the housing is not
limited in size, the present invention particularly shows remarkable
effects when the housing has a large diameter, e.g., outer diameter
25 of 80 to 400 mm. The thickness of the housing is not limited and

can be selected appropriately according to the used water pressure

of the module.



directly on the inn er wall of the ring by wel ding, conbination of notches
or screwing. Mreover, the rib, the ring and the inner wall of the housing
may be nolded integrally. Anobng the abowe, it is particularly preferred
that the ring and the housing are nolded 15 integrally and then the
pre-coated rib is fixed by conbination of notches or screwing fromthe

vi ewpoi nt of reduc t he, nu arts and..easin of I € oating
of the rib and ass@r‘r‘% e%e inv”H: g’ c? ieser')sre E%bnffi n\(;az% |onlpc nghave a

ring ' nst e%ﬂbgé c{ _ﬁPgﬁg [}?t{thtvfngo?§ hteio%b matp gnegi : I 8r5¢1{;1%tohas. a

function 2 portin ion ransfor%1ng upon ration

or back vaslloand & Lugeds M@l 5L ggt' 00: SUPAL00 5! €55, agLifaon the

potting portion Speci |ca y on ary he 1 hner of the
housi ng anﬁu&?ﬁi ing portion. By arranging the ring, the nodule of the
present inventron can have a potting portion 25 structure exhibiting higher

t: F%ZE%:U%.tég e ot Qﬁar*il?@rﬁ%tfmd {rof‘a%é‘lﬁ *’%e r.g’%fg% 2¥eh %'F?E%r%af.xed
hot ches sgréai%f?f‘nﬁ 1 48 dctTbn RS U Dtbetncntifne °§b 18 Plndle |
o onged paPieths BRR Rd arble' gL FAS 8? 556%2?38&? #P%Zeéﬁé?téiﬁah%%‘h I ng
P Shaped gase [lsnabliCaha 10 dofipBhea ik’ o8 LA naBe | Wiadalbgnape

por i on {1 Qala! DEAl:MPGLAL, Ol LESHL 4eERgs 0519034 1A Othg'{@%%t%s o#IPON

casti ng and nmalntal nin e function O Su pOI’tI ng t pOI’tIOI’].

The exygr “%Jni?@%%d??‘bﬁ:’t%k Qf:eé&b%g&hﬁ%% 1B£eJnE‘dr ?Q#ifoﬁ#%ﬁ‘ééfﬂaﬁ(&n of
R- processi ng (processing for in e corner rom
the hollow fiber membranes without causing an unnecessary decrease
in the number of hollow fiber membranes installed.
The rib or ring is embedded in the potting portion fixing
the end portion of the hollow fiber membranes with a potting material
15 in the state where a hollow portion thereof is open without directly
contacting the hollow fiber membranes from the viewpoint of
durability of the potting portion. The term "embedded” herein
includes a case where one or whole part of the rib or ring is embedded
in the potting portion. It is preferred that the whole part of the
20 rib or ring is embedded in the potting portion in order to inhibit
damage of the cutting device caused by the rib when the end portion
of the hollow fiber membrane 1s cut to open the hollow portion thereof,
or to inhibit the breakage of the hollow fiber membrane caused by
horizontal vibration of the hollow flber membranes during the
25 filtration operation. Accessories can be optionally attached to
the rib or ring according to usage. For instance, a hook part for

hanging a module can be arranged in the center of the rib.



the viewpoint of distributing the stress applied on the potting portion in
the vicinity of the ring. Exanples (schematic 15 | ongitudi nal sectional
views) of the inner wall of the housingoof the nodul e which is nol ded
integrally with a R processed ring are shown in Figs. 23 and 24. Herein,
the R-value (radius of rounding corner) of R-processing applied to the
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Fig. 24. A OWs an exanple I'n e two frngs have the

sae N ckugity ekl gSr e QEkBietly 1018 LAt B 2L

_(a3) x I'S prerera I'n el 'ati'tn t hat
Fepr bsent s Boarkiad R Shv e sl Hand mbd spitac (B padel T (o (e
¢ epr osent s TACERT diekPRy: RS aRRBREt (EFbRRLon AP Bted R RbIE A AR, i on
atio of tRetranet hef SIS, & nddie bRALATE HREY B RE T el

value 9f dgbdhibhabily gt bEd 8l ULl £2hRL ddbefbfia ddaulSnlbE(Pr abl Y

1.05 to 1.33 fromthe viewoi nt 0 Ing stressS and sécurrng the

nunber of Rl ow Eflﬁeﬁn%%%neftIi@%xﬁ?ﬁé%es%%&%lﬁ%’%ﬁ)thtpfb’ ol £

t hi ckness of the ring, I i's the ckness 0 rirng 1nt case of

arrangi ng %rﬁiéﬁg)eidaﬁawtﬂbaf aiéégtifcgﬂ%cvt\é.ﬁg)th%%1?85%%Fﬁgﬁn§%g§§§, of the

rings in the case of arranging rings in | aces IS

preferably ala 1€ 16502 Sfcilhie ddtughnass Qi chde OEOJI'%I ggd II:Q.I!%‘I P20 hbeauide

vi ewpoi nt of supporting 20 the pdtting portion an Istributing stress. In

the holl owiicRghe "RIPCANS Tilthee iy LR HAIBH! £iBUP Mditband. ShERNIAN FI O

1, it is preferred that a fixing device I's arranged outside the end face

of thejpot tjagePPEd i Piad WYt R8pShHE £ing '1@:41%b@wd£hbg{%§mﬁrﬂ%cwh open

hol | ow portion substantially w thout 25 Tl osing the en e openings of

the holl Owd‘&n%atirﬁ%‘oa?&%d‘ﬂem ESorV infetBRhREs Ofrdnf The AL Dewib e of the
transformation of tha potting portion. Particularly, the remarkable effects

are achi everhrdpi114p ¥ rcNadpBotidie portXbh, 9 device in the ca se of a hollow
f ib er nodul e used for so-called external pressure fi ltration, in which

raw wat er is suppl ixenbagithBRi8¥hREe DUEHEEE tRE BRI dPHhd ith8hoTRBRI ane
and filtrate water penetrates toward the inner surface side thereof.
fiber membrane is not limited, the minimum distance is preferably
20 1 mm or more, more preferably 1.5 mm or more, and yet more preferably
2 mm or more. The maximum distance between the rib or ring and the
closest hollow fiber membrane to the rib or ring is preferably 10
mm or less, more preferably 5 mmor less from the viewpoint of securing
the number of hollow fiber membranes installed in the module. The
25 distance between the rib or ring and the closest hollow £fiber membrane

to the rib or ring is preferably 1 to 10 mm, more preferably 1.5

to 10 mm, even more preferably 2 to 10 mm, and most preferably 2



5 1n the external pressure filtration, pressure is applied fromthe side
where the hollow fiber nmenbrane exists toward the outer end face of the
potting portion upon supplying raw watég¢. Al though the pressure is applied
by filtrate water fromthe outer end face of the potting portion toward the
si de where the hollow fiber nmenbrane 10 exists at the tinme of back wash,
the duratiep efmbpack wash is very short conpared to the filtration duration
in the actual operation. Therefore ) the stress applied to the potting

portion al nost al \A@)fsmegﬂmrbhetﬁﬁ e Se A1 1higl L EPéS Q!'bns'lﬁﬁ?ﬁ%,of hewest r ess

fromthe side where the hollow fiber nenbrane exists toward the outer end

face 15 of pbReiR@thdted1RLr &l Phavify 4 NISidk@aS8or MRANGadON Gvism {14 Ce
agai nst the transformation stress In the direction toward the outer end

face of t1heeRRbéhNEhOOF Y OF kihgXhhd ARYIHA 1) wDEEOEE Sudiibrahb CeLby Srans
for restraining the transformation of the potting portion. The fixing

devi ce ¢OMRALGBSLiAt lbrarks ARF4D AN t316k %ha%d&rih'gt:m@rmaﬁ itBBugHRe1d¢dst rati on
Water can be coll ected through the space formed by a frame portion and

partition RRhblSPEnPLE! SNt a3REEn NAkMBXb lAbeRRELL Eo@ RO PLEPESe . The
transformation of the potting portion is restrained by the frame portion
and the pafkl fb@Rt@O{ingORScedtinl Xk BENEE\AIC RokrE . NAhel Lt di@ISsNogNEREe. From
the 25 viewpoint of inhibit ing the potting portion fromstripping off from
the inner wahhing ideehaushidraa®1¢l 315 indlibNBosd | SvTedpPi@@Enle b N
potting portion, the cross-section of the frame portion 12 16

per pendi culod mbeel h 22 thodgh td Rakimhn &HilckRess dManROEI DINdd hakepELHr ane
nodul e is preferably in a circular shape, and that of the partition portion
13 per pendineitl partdctigrlyondinivednait dig gxidreRabliy t1® daoldrowekkhemnor@nbr ane
nodul e is preferably in any one of cross 5 shape, lattice shape, radial
shape, hongegairabivee manslr QREBI fsh ThaPE16dp SinASEF Weduddhal tishapsband
circular shape as shown in Figs . 8 to 15. The material of the fixing

devi ce i s pfehenablyribeinenbtandd fihis€dlled Old rRBShOdUNY Thd afahgle of
pressure. Exanples of the 10 material construct ing the fixing device

i ncl ude polthestthioXmespeleylid @il ihg BrerPab yixfedeabhe, 1 ABS10 &t N mohAS
resin, polystyrene) polyvinyl chloride, polyvinylidene fluoride,

pol yt et r af Iptefeetbyy enes, tbelo amnl Udfaarinby s Grefeeably @ eal ykyn, vamy most her
copolynmer resin, ethylene-tetraf |uoroethylene 15 copol yner resin,

t et r af l1e0r qedefplrabdy hzexiad Isuamopr opyl ene copol yner resin, pol ycarbonate,

pol yet her ketones, polyphenyl ene ether, polyphenyl ene sulfide, epoxy resin
not havi ng rubber - |Bxempdbasifi nedns and priewrehtkeg tasdiirfectusasddteoabe and

pl astics thereof incorporating glass fiber, carbon fiber, silica fine
powder, cariidnoZOringeandouberhcdlowheibek membramé Hecluidela) achetkeodrdnal s
such as stainless steel, alumnumalloy and titanium The fixing device is
pr ef er abl y whirddnjetilew fdbentnenibranas tdyeubondasiang fiwedehd guaht otimen byt he
openi ngs of the hollow fiber menbrane. There are sonme cases where

t r ansf or nat then sefet hatgiEli ag 2% pottimn madeasdsl tine aduange @nd thewr thier eof
to transformand contact the fixing device. In this case, it is preferred

t hat R-20r oceendadyand fixeldi kelllioy fikemsembnahe dunfde gor thetpldfed prdfdeti ng
devi ce at 17 the part where contact with the outer end face of the
potting porit GRenguiaguhayingosddid apdRevdng faedetheaneonon(f atpethodr ess
caused by the transformation of the potting portion in the vicinity of the
interface V¥t Whiged aindihgndon gdng Beapppegoatie GHikh dhe fame) maserdal ;sare
shown in Figs . 16 ( a ) and 16 ( b ) . Fig . 16 ( b ) is an A-A" sectional
vi ew of thethe Pok§ingwmaterinbwriry @PSIB%HI}Q &he haddowohidre s nebEAne he
sectional view may contact the outer end face of the potting portion of the
hol | ow fi bePubibranEranBewsiR g .AMet RepeBiathph shChRow BEbel PERBTARLS he
fixing device 10 substantially w thout closing the end of the openings of

t he hol%Pow FFHHINERE B FhRFRePed FePhRPmPais iRy dhgi Aame materirh@evi ce
on the outer.  end face of the potting portion through a plastic or netal

net. This nERh@PLEinAdRatepiel anfethemh ipablied,apd fatahy @dhoet Y HS out er
end face of the pot_tin ortion and the fixing 15 device divides the

t r ansf or mat foRt? eijiddr?rofgig%eﬁﬁ@fit FRET$RI qroﬁhgn}’d‘%‘mal | er areas and
reduces the substantial transformation of the potting portion. Wen the

hol | ow fi ber nmenbrane nodule is connected directly to the piping of the
filtrate water, the fixing device can 20 be fixed on the cap joining the
body of the hollow fiber nmenbrane nodul e and the connecting pi ping.
Depending on the materials of a cap and a fixing device, the fixing device
can be fixed on the cap by, for exanple, a nethod conprising integrating
the cap and the fixing device by welding fixing, fusion fixing or the like,

o ~r



18 (perspective views) of the fixing device sandw ched by the hollow fi ber
menbr ane nodul e and the cap for use are shown in Figs. 17 and 18. On the
fixing device, a device for collectingiphe filtered water can be arranged.
Exanpl es (perspective views) of the integrated 5 fixing device and cap are
shown in Figs. 19 to 21. As shown in Fig. 19, the water-collecting device
on th a cap can be equiPped wth a connectin%apipigg connecting an

operation appar at uSPSREHIULEMRELFILEPRELP /Y THEVPRET WAL IOTOWE FHSEPY. 21, a
means 15 fgr fixi ng_Eon t he connecting E’iépi:ngq%fican be arrann%ed on the cap. 10

Wien the hdFfl B PRBEICHATIYakE™ LS 11 B RSt alfhedTER BE% RRKeHGGFpped
with a tube sheet, a simlar fixing nethod to the above-nentioned fi xing
met hod of &apelaftpecHdoRedtBhdireer sWalkoohokRs bt g nPar Yot Mdnct i on
for fixing on the tank tube sheet to the fixing device. One exarrgle of the
fixing devicOBPEBRYIG af MPtchas: PHFFEHIBGi AT BPIaatdBtaFRR %A diet he
tank is_ shown in Fi.g. 22. Fig. 22 shows an exanple (a _perspective view in
whi ch a3f | ARG8T HRHINGE oder hARF E9 -1 7F4qid Tt ABOMS RPngraRAiec 8t athe Rafaed
integrally. Instead of the flange as shown in Fi g 22, ot her connecting
means or nmerKeRedNSnELR dnanfk theetpnexpwall ofokie PRugRE 1 by comRipstian,
groove 14 for Oring seal_ can be arranged on the fixing device. This groove
may be use®fnbbe AATFResrlio r PRSI dPsHLF ol - sERS iTIR FaPRYiRf £1¥etfMas a
square ri ngca%nd ot her. specific flat packi ng. The i nner wall of tha housing
pref er abl y GEeGt¥addritiate Bgusing fdihronshitheingfhrafesarived P§Lus wel |
as the abovIe-%i oned rib or ri n% %%omthe Vi ewpoi nt of restrai ni?r}lg;!L
consi der abl"& E38%- {tHe CHENPERPS R REE PP DL 197 1500 R iThG %Hﬁri‘& ~ The
di st an bet ween 19 the .inner wall . of e housi ng and e hal | fj ber
Tenbrafl | SEr EHAEEE TR O Rera LY W RRCr Gy T9P FLDSanF LHS o
even nore ef er abl or__nor reove he distance t n_t i nner
wal | of thé WSS&?%&%%E%%OWP@%?@&SEF ﬁ%ﬁbi’%n‘%e sstOT Iilaﬁ: °8 Thner
wal | of theno % glsr‘l) écsré?ﬂri%fger %E)lr)éo%e;[:? t}’g r%, t ergi g:rjeafn r'tgmbel Xnner wall
of the housing may be molded integrally. Among the above, it is
particularly preferred that the ring and the housing are molded
15 integrally and then the pre-coated rib is fixed by combination of
notches or screwing f£rom the viewpoint of reduction in the number
of parts, and easiness of pre-coating of the rib and assembling.
The module of the present invention can have a ring instead
of or together with the above-mentioned rib. The ring has a function
20 of supporting the potting portion transforming upon filtration or
back wash and a function of distributing shearing stress acting on
the potting portion, specifically on the boundary face of the inner
wall of the housing and the potting portion. By arranging the ring,
the module of the present invention can have a potting portion
25 structure exhibiting higher durability.
Although the method for fixing the ring on the inner wall

of the housing is not particularly limited, the ring is preferably



1.5 Mmto 10 nm even nore preferably 1 to 5 mm nost preferably 2 to 5 mm
The nmethod for preventing the direct contact of the inner wall of the
housi ng and the holl ow fiber nenbrane i18 simlar to that for preventing the
direct contact of the rib or ring and the hollow 10 fi ber nenbrane as
menti oned above. Between the inner wall of the housing and the hollow fi ber

b , E S (e : .
b ckness S 4 niEBe B orf CBIL ShhREE Phalh) bl InEThEL Ble P00 VBYAAR 2o of
the filli j 5 d f
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5 nm or | ess TPom the Vi ewpoi At of " SecuT ] ng the nummoer of the hollow fiber

nmb install ip.th I T. f hj_ck t
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Cnhi bit £ . ! h
potting portren: Rgpds £h08 sty 8 REURE FiRe O 108 g BEEM] BEREROn, oo
t est i t i I i - ool
of & resi n 3PS i upbRE S SMEREELRInG RReRREEA be iy BcKbes Bpba'D, TTE
t he hard iL.adi LDy d.
5 s the paptaao ehEind PATAIRGE A Rl SRR BelsBoplEr e Mol RotRUT 5
havi nglf)l ery%jo@tl bhy after curing can be used. Exanples of the potting
material include a urethane resin and a silicone resin such as silicone

rubber and further gf sensrpda{sgfed s&Pe%é,reo? NP LAIRE G DY B L6 A 81T

copol ynmeri zi ng rubber-1ike 10 subStance and epoxy resin to inpart

rubber -1 k%tﬁJj@%ﬁ:E&itWR-ﬁ&@Qsiﬁ@??r&@éééﬁlg £SO rSlhd G €nd €BrRe S} ERoRS
silicone rubber is preferred fromthe viewpoint of ozone resistance. The

hol I ow 1 behdT&/TRGBEEN FTUH8 sRE1 bRELAY Q38N G+ EOYS M1 BBYn PEn JAichRY Ti ber

menbrane cartridge supported by hanging in 15 either a filtration tank of

tank type fidAdsahl Ofy, 2RRE" 3ldinQty OWYser _tﬁf‘s &19G. ' 2CkxdnfiRs! | {d dritinia®ic

apparatus. 1n this case, the same” material as the above-nentioned nmaterial
for thesmodilyiheushas s%%‘&i?ﬁ‘ai‘%ﬁ%w%? éff@nigﬁghﬁér A1L1CE# trledfASus ftPLE. AS

the hol |l ow fiber nenbrane, for instance, ranes 20 having a pore

di ameter i neid@olandSilchais ifdidkh! 148440 19eRbiaRer( PRIkt 8ind @fer r ed
to as OF nenbrane) ormcrofiltrati onmenbrane
shown in Figs. 23 and 24. Herein, the R-value (radius of rounding
corner) of R-processing applied to the external angle portion of
the ring is preferably 20 to 80 %, more preferably 40 to 60 %, of
20 the width of the projection of the ring {(inner diameter of the
housing inner diameter of the ring)/2} from the viewpoint of securing
the effects of distributing stress and supporting the potting
portion.
Although the location of the ring is not particularly
25 limited, the ring is preferably arranged in the center part of the

potting thickness as shown in Fig. 23, when just one ring is arranged

in the potting portion. In the case of arranging two rings in the



(hereinafter referred to as MF nmenbrane) can be used. In the case of
ultrafiltrati on nenbrane, a nenbrane having a fraction nol ecul ar wei ght of
3, 000 to 100, 000 Dalton is preferred.l4ln the case of the 25
mcrofiltrati on nenbrane, a nenbrane having an average pore dianeter of
0.001 to 1 Eun is preferred. Herein, the average pore dianeter is neasured

by an air fjoewingt ?egtmﬁcleﬁédrmgd\SI%Fp%é@eﬁéoly drdrifdahalt dqigihol | ow
fi ber nenbrane preferably has a porosity of 30 to 90 % Herein, the

porosity i 9ntak¢slatadsho@inig nﬁs 2f, anHduQW Fioer4BRbyang sRamgt ed
with water, a sinple volume of the hollow fiber nmenbrane (a vol ume

cal cul at ed iff QALEN thNeko H1AYBI Bive FWbCEame #hABRAESs a'&ﬂe' engkRess hdie
hol | ow fi ber nenbrane) and a specific density of a polyner used. The

material casdidadrend. t ipehahhevoh khet éﬁ?agb(a?d”ﬁ 2 5 ﬂPéféﬂa'E&&%@l@ﬂié&‘g as

it can be used for the above-nen tinne nbrane or MF nenbrane. For

i nstanceg, tihxef'{git £5] aha kRt r@'fa’@?éﬁ’%ﬁé‘@(ﬂy@)l(%)u@ei% ﬁféééi‘a%i? s2e Asg et hyl

cel | ul ose, |'ul ose acetate, cellul ose diacetate and cel ose tri

acet at e; poixwm%deﬁ SUEdrA%, BaHHANb LB, Bepid kit sVh Tils t8h68 lom €5 1;
acryl resin such as pol yacryl onitrile and polynethyl nethacryl ate;

hal ogenat edhytes and ¥akedss Qﬁbyyé{%ngcﬁﬁii&etoptﬁié%bﬁi{éf dgnend lyagi gde (
PVDF ) ; sulfone 15 resin such as pol yether sulfone and pol ysul fone; ether

resin such g RALYRIA d(ebefforANEnAOkY &ieh1eEieK dJepi-aBBntaNth bheitd ke.
The material for M nenbrane includes polyolefins such as polyethyl ene,

pol ypropyl Qﬂﬂc&ﬁ@s@%ﬁ/liﬂheﬁ@htﬂrﬂguPéﬁt{cﬁﬁ' NAS U tAS8 relation between the
et hyl ene-tetrafl uoroet hyl ene copolynme r, polyvinylidene fluoride, 20

tetraf hoor o aneméiebleUeRONF1RRY bRACLIKAD VLY BRE Wdifbing, the ratio of
tetrafl uoroet hyl ene-perfluoroal kyl vi nyl et her copol ynmer; sulfone resin such

as pol ysul fgiee iaRdr p@l auefteer os WiHeO RBus¥hi Yo dhaehef tiRSirAingand, d.nethé ke.
Anmong them chloro resin and fluoro resin are preferred fromthe vi ewpoi nt
of ozone resdlsieanEed2 281 THie FABOVES N&iY ithRedaled it td2l/e@ninroig deg,t he

nodul e of the present invention with sufficient pressure resistance w thout
t hi ckeni ng pieFeablly ND. q30Edi DIB3 Pepr ihieNGiswpdint afedistridhtihg strdds
nodul e, the nodul e exhibits sufficient pressure resistance even when the
potting pordndnsé@asrimgt ihek nas®meel 020 Hod16%0 fABer ThembBames isgtauieduci ng
the holl ow fi ber nenbrane nodul e of the present invention conprises, for

i nstanas, tMerdovelrQWtig entSi€thickn@ssio® tiie/ rahgt Whiehl 19whki tieickmesbr anes
produced by thermally or concentration i nduced phase separati on nethod,
wher ei n t heof haeniedrgy ih ndwCedb g bESEriataangtid eingdnhone iplatader exaigl es of
JP- A- 2001- 62267, are bundled and installed in a housing having a flange at
one si de thz3kehd aChotdletbick resshef ¢éhé hdngelinavhe@eate @t dafraiglihberimgsl ow
fi ber nmenbranes is to be open, the hollow portion of the end portion is
seal ed i n ativatwe pdndes hih2x2 honkigwg 24i)g haprefearabllyxi 18 f@oi76i ®rofbche
rresponding to the flange as shown in Fig. 25 is arranged. In the case
wher e screwthpiduessi of ke ppptired ppotibbdbmm thaviespohousifnghppdrtingl | ow
portion of the end portion is fastened 15 and secured by a cap nut to avoid
| eak of20r estive IMDrtdogeporivion apndsdtistniipaitdng hetiwsd.ow portion is to be
sealed and an inlet for supplying raw water is to be arranged, a plurality
of tube-shaped t ool En e bdhpw £hbet gembrang wodleaeky&he praspat Ahvenrtian.t he
hol | ow fi ber nenbrane in advance and a bonding jig as shown in Fig. 26 is
20 i nsert ed2afirovediy B9 A, dclspppeirynedrthaina £4xangidgvieald 1s groangeade
resin. The above-nentioned housi ng having bonding jigs arranged at both

si des is roPatetlenrtdrel padikrcsorti be matddngl pextion écevdthe Bdehosithes by
centrifugal force. In Figs. 25 and 26, numeral 18 represents a resin
injection i hedlovw fiitber @pwgraér@ wvia q(pefmh@.';low portion substantially without

25 closing the end of the openings of the hollow fiber membrane from
the viewpoint of restraining the transformation of the potting

portion. Particularly, the remarkable effects are achieved by



25 the potting material used, heating at about 40 to 80 Cis sonetines
required. After a prescribed tinme passes and the potting material is cured,
the rotation is stopped and the bondi ngsjigs are detached. 23 On the side
where the hollow portion is to be open, the bonded end portion is cut by a
rotation round saw or the |ike to open the hollow portion of the hollow

fiber menbr @%gn?f#%%% fix %eevice i%r \(/avat 2? t}gl !{g %eortflgre]rlrﬁ &uci

seal ed and Iylng ra open e external

pressure fi steﬁaé drog'o tc}/ﬁﬁe?‘eéwcre%ggé?} lsgrgffitl@%aglo%s egﬁ dhqgﬁq:taklovpate%' ch

coll ects f tered water one Sl

{ube- Shaped | goL % ShAMLL D uf-oihbac LIBHEN LR, Y %%'remgnfbrtangyag{desem

i nvention can used her SO-Ca intérn pressure
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I nvention has I npr ove em Ccal resistanc can ageous

for |nstan he filtrati od I n e _presence of one
further for fe ex%‘ natilﬁ?é)ss%rggntu)? lfq%lryaf’?olhawn% o i f eg?)‘r%gence of

ozone. ’%%?f-‘ ]gga%?ﬁigéegl GqRLan na‘l\patt ace u”r‘rflt%te 5,20 theq (%ug rotsurface

si de of th Tenbrane i n- the ext erna pressure fration

met hod usi fpdf n}cb\"/%%iﬁle?r PRI LD AAY! e ugfné h'oii&B f‘lggf%%%&éxg can

be conti nue periodicalTy con

wash) flkusfumtgrapl reaéi.m%%' ﬁéémwggg tﬁx% Eﬂé‘#icﬁgo? GasRfy tb

external pre ssure filtration net rane rmduFe are

described idy 0 OQhH3LE% &S rthghﬁltjl.%%ion &fkation in the actual operation.

Therefore, the stress applied to the potting portion almost always
becomes the stress at filtration, namely, the stress from the side
where the hollow fiber membrane exists toward the outer end face

15 of the potting portion. For this reason, means for giving force
against the transformation stress in the direction toward the outer

end face of the potting portion (£fixing device) becomes an effective
means for restraining the transformation of the potting portion.

The fixing device comprises a frame portion and a

20 partition portion. The filtration water can be collected through
the space formed by a frame portion and partition portions or through

the space formed by partition portions. The transformation of the
potting portion is restrained by the frame portion and the partition
portions. The fixing device is not limited in shape. From the

25 viewpoint of inhibiting the potting portion from stripping off from
the inner wall of the housling and distributing stress applied to

the potting portion, the cross-section of the frame portion 12



The nodul e of the present invention denonstrates nore effects in the
filtration nethod using ozone, too. As a nethod for m xi ng and di ssol vi ng
ozone to raw water, a nethod for pronotieng di ssolution of ozon a to raw
water usin g an ejector can be applied 5 in addition to a nethod using a
gas scattering tube or U-tube. Further, a method conprising m xing ozone to

filtrat t i nst ead of t ) t i.ni back
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and sold by REGETNERP KGR AEiRL ShEgE SPACRRE AT iREPe FoABPEncE: EXStpl o 1

25 A pol yurget I(I)arig resin prepared by mxing C 4403 (trade name) manufactured

and sold by \ ppoh Pol yuret hane Industry Co., Ltd. as a nmin agent of

Sare canpany s 5 AP T SEARAo M ER THHES LGS (HaPhT KT * RTBSFYY e
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nours 69 prergad SHPEFRETOIR | B nAOTHY adeHich ebe bt cBorReEEPeln,
mmteri ol w96 et su1gbhdtoBhv by eRl" B85 RN AL P SN RET onea
housi ng ffiLIAl 1&%h 10 t hg,W8aane resi ?%&E’E%{ig‘g%ed t hr ough .3 gIat

packing ina cyl rical pressure’contain ai nl ess 'steel and

[ d wi ' It h I ' h
housi ng. & 193 e aonrcauniaehie; | | ot Fbnarib SE B RE b AR D | |
hol q Y L . havyi ] 5
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the O rng eyr ed \%E?an' Otste-{pgglu ﬁ%tﬂi'ﬁ%ﬁ#"rﬁ"‘égaﬁé%?%éﬁs“ﬁot

hydr aul 1 cal pressuri ze romthe si ere i X1

arranged usj j e f *1 C ressure
of 308 KPa.é el\r%q{e?e%%spgﬁr‘g%%ﬁﬁg ’ @it%%%ggt]t{ég% Sdr Ppgﬁﬁl\}%ﬁggéer ved,

the farthesitiar ! beiyiRai?16l€ sulfide, epoxy resin not having rubber-like

elasticity and the like, and mixtures thereof; and plastics thereof
incorporating glass fiber, carbon f£iber, silica fine powder, carbon

20 fine powder or the like. Further, they include metals such as
stainless steel, aluminum alloy and titanium.

The fixing device 1s preferably arranged substantially
without closing the end portion of the openings of the hollow fiber
membrane. There are some cases where transformation of the potting

25 portion causes the outer end face thereof to transform and contact
the fixing device. 1In this case, it is preferred that R-processing

is applied to the external angle portion of the fixing device at



portion supported by the fixing device (frame portion and partition
portion) was nost largely transforned in the end face of the potting
portion and the thickness difference bé?ween before and after

pressuri zation (before and after transformation) was 2 mm The 25
above-nenti oned hydraulic pressurization was continued for 240 hours, but

no destr UCtt'h%"baﬁ:'{ E6RGKT el % B L4 Exgd&%rctelﬁ‘tl;f@gﬂ 172%13'(,[ raé‘e nama)

Ref erence Exanpl e The mal n agent and curing agent
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(rmai n/curing) of 20/80 and t ed 1n plural tines to a flanged housing

(inner di angt end ‘E%ﬁéf%ﬁhﬁrof i ﬂS‘Eftlﬁé pB"PtiBHdﬁx ‘Efle AB31 L6} Be AL havn) ng

a ring ( inner diameter : nm t hi ckness R- processing: 2

mol ded i nt elglrt@kke{cmghgﬂgﬁllgﬁ@dﬂaev 4._8 0 Sal%sFaﬂsuaﬁ a M ifly b6AdT at

an anbi ent tenperatur to cure, heat settling was
furth of t
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Subsequent |y ve- mentione ousi ng & Urethane resin

was i nstal | gdef driaughioga] lvg WA b0k ddt Eh t@grérﬁﬁlfagé%stsﬂfee ﬁ@?ix‘f’é her

made of stainless stee equi'pped wt ange aving b

the flange Mt&bQ“ontﬁé1%oEQH§'f!ﬁ:eraméﬂn&aﬂ& %\ﬁh‘i@ bei ng equi pped with a
fl ange having bolt holes and conprising a partition portion having a flat

section of tPe comblgtial shandsobe cbhiyld shaRRANluG pssLaaBeicdi 9. 29

wherein groove for Oring is omtted) was arranged through the Oring and

fixed wot h Klpakant THENy wibRoRF %iéb'{r?% eRE RlaGF tHRSogbIngH!dC Rk Yollow
pressurized fromthe side where th I Xi ng device was not arranged using

war m vat er $aerefotAPANR1HAEs U nEPhda Qdﬂ@%&aﬁgﬂ(i%@ ?iﬁn QQvkEa. 25
When the transfornmation of the potting portion was served e center

portion surgpyRdegutds il ££6H lod! thd otk @hg YitionOBhPdH anpmsttieeoil xi ng
device was nost largely transforned in the end face

metal net. This method is more preferred in that a net arranged

between the outer end face of the potting portion and the fixing

15 device divides the transformation region of the potting portion into

smaller areas and reduces the substantial transformation of the
potting portion.

When the hollow fiber membrane module 1s connected

directly to the piping of the £filtrate water, the flxing device can

20 be fixed on the cap joining the body of the hollow fiber membrane

module and the connecting piping. Depending on the materials of

a cap and a fixing device, the fixing device can be fixed on the

cap by, for example, a method comprising integrating the cap and

the fixing device by welding fixing, fusion fixing or the like, a

25 method comprising molding the fixing device and the cap integrally,

and a method comprising sandwiching the fixing device by the body

of the hollow fiber membrane module and the cap. Examples



27 of the potting portion and the difference of the thickness before and
after pressurization (before and after transformation) was 2 nm The
above-nentioned hydraulic pres surizatien was cont inued for 200 hours, but
no destruction such as cracks of the potting portion 5 was observed.

Ref erence Exanple 3 A potting portion 60 mmthick conprising a silicone
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di fference betore and after pressurizatio ore an ter
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pressurizing was continued tor 4 ut no destruction such as cracks

of the ;got t ;0L NNt LA pWRSg %ﬁﬁggg'arﬂ'ﬁf%ﬂ ERheEXAIPLE éhdunl 1RMAG

housi ng having the sanme structuré as In erence Exanple 3 Was prepared by

fixing a ripg thegeon Mqv)@!iﬁ”e%mPng aapéfstber&%‘ﬂré‘gfi%w{) | A wRESH bofh fgeCr 0SS

shape was fixed on the ring by welding.” 20 Subsequently, a pot ting portion

60 M thi Ckng@IHY bdl Bthdedl 1Y CANRE thEPPELI RS aavAQ birBnd i 1atey@sLiyor med
by m xi ng agents A and B of TSE-3337 (trade nanme) manufactured and sold by

GE Toshi ba Hhitseg € famkgd-a@tshawﬁaﬁﬁ Fﬁgt i 22 ( 3888F ANBERAEnE)métinsl/ 1 |
feeding the m xture to the above-nenti oned housing, |eaving the housing at

25 an anbi ept heRedt Uhé &dn 8 Gsb@r 5 hours to cure, and further
conducting heat settling at 120 C for 3 hours. Herein, JTS-A hardness after

curing mf the silicong shdwelinViay.680AtaPot FLiPaibove 4t ep&-altgesadld 60
C. Further, the above-nentioned housing fi Iled wth silicone rubber was
install ed t Bapugh agréhddd PACIHFikiing daviicadr iThdls re®Sadindy be used not
only for O-ring but also for sealing materials such as a square ring
and other specific flat packing.
The inner wall of the housing preferably does not contact
25 the hollow fiber membrane directly as well as the above-mentloned

rib or ring from the viewpoint of restraining considerable decreass

in chemical reslistance of the potting portion. The distance between



cont ai ner made of stainless steel equipped with flange. After 5 arranging a
cap on the housing, hydraulic pressurization by water having a tenperature
of 25t2 C under a pressure of 500 KPa wws repeatedly conducted from both

sides of the cap alternately. The above-nenti oned hydraulic pressurization
was repeated 10,00 O tinmes, but no destruction such as cracks was observed

011 oL RRCE! Aoy M BAATRGS ootts MAChST, G0 T Bl 400 £3F
por osi ty: OB CLRRST eBNIF PHES mEER  GRazrr b n%gri%gﬁ%ﬁ I er o
G amet or . BIGTERBOH? PRiRR REF eSes%"%ﬁ#%e%né, 4}&3355?'%%%5%%&%“%% ppe
Vrrrr: hRa;r)]rlocr:]tevgag‘r aI !fy nol dedirl n%}‘?o\)i/% | ne% ter ]bﬁFBgn‘]F %‘e‘?lsng :
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R R
o the s adar wbueedp e The Mrbfen lHer ?ﬂaeﬁﬁgaﬁg ?ﬁﬂﬂ‘iﬁﬁ%t{?ﬁﬁ 0
ngﬁrggn\?\;s% Eg?!rr%%ggndtﬁeg ndl ﬁ%& Iagﬁwi\ﬁ} @h or ring an% éhedgomer e the
10 fiber membrane as mentioned above. Between the inner wall of the
housing and the hollow fiber membrane, a £illing layer consisting
of potting material and having a thickness of 1 mm or more is
preferably arranged. The minimum thickness of the filling layer
is more preferably 1.5 mm or more, and even more preferably 2 mm
15 or more. Although the maximum thickness of the filling layer is
not limited, the thickness is preferably 10 mm or less, more
preferably 5 mm or less from the viewpoint of securing the number
of the hollow fiber membranes installed in the module. The range
of the thickness of the filling layer is preferably 1 to 10 mm, more
20 preferably 1.5 to 10 mm, and even more preferably 2 to 10 mm, most
preferably 2 to 5 mm.

The potting material of the hollow fiber membrane module
preferably has JIS-A hardness after curing of 25 to 90 from the
viewpoint of reducing the concentration of the stress on the thin

25 film portion foamed in the potting portion and inhibiting breakage

of the hollow fiber membrane in the inter face of the potting portion.

Herein, JIS-A hardness 1s measured by Durometer hardness test



5 attached after arranging 37 tube-shaped tools nade of pol ypropyl ene

havi ng an outer dianmeter of 10 mm After the hollow fi ber nenbranes and
both end faces of the above-nentioned housing with bonding digs were fixed
by centrifugal casting at an anbient tenperature of 60 C using a potting 10
material of TSE-3337 (trade name; m xing agents A and B at a mass rati o of
1/1), manufactur.ed andg, sol CE, Toshiba Sili,co e Lt.d. t
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portion 6 g?'ggge%ilree%ﬁf?%n&c%sretd?i dge was 100 nmon the flanged side and 30
nm on tphe opposite JIS-A h ess of silico
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pressure Ofﬁx%glotffgavie‘@@oglﬁav‘@f cgzecql%a%gglyiyt#‘%quct ed fromthe side of fixing

devi ce and opposi t e alterna nthis test, the anmount of the

0zone gas was ad UStggl kY1 A5k NG LRORErdb hiE AL L ARSI LR 13 HDRLA £

with an ejector so that tha concentr e ozone water ng/L. 15

At er repearﬁa'y‘"'ﬂetg%%ﬁ%%efﬂﬁ@%in@&%@aﬁX%@}UﬁiﬁgQrWﬁ%ﬁt Eggué}héi%oﬁ? wat er

(90 sec/cyclée) 15,000 times, the potting portion was chec and neit her

dest r ugki on, el £%1 8L ALK AL aMRTRIEMIO v 81 0L OV bBSE-JRIEDEARELYRS

observed therein. Further, the repeating pressurization test was restarted.

After the piass\el zatk oew@sfﬁQrgeP&@ta%a%uQQO Il sl Badd! &lhe HRe

potting portion was agal'n checked and neither the dest ruction such as cra

ck nor damges 9t thetholabeve Lher JREREARS ¥R SERDERS Kn%éulé:'t%h?fﬁ% chhe

eval uation by repeating pressurization was continued. After repeating the
pressuri zathOniséd, 990s thd RS 1b EOF Aartti8qP0itddig POrti on was again checked

and
As the hollow fiber membrane, for instance, membranes
20 having a pore diameter in the range of a ultrafiltration membrane
(hereinafter referred to as UF membrane) ormicrofiltration membrane
(hereinafter referred to as MF membrane) can be used. In the case
of ultrafiltration membrane, a membrane having a fraction molecular

welght of 3,000 to 100,000 Dalton is preferred. In the case of the

25 microfiltration membrane, a membrane having an average pore diameter
of 0.001 to 1 um is preferred. Herein, the average pore diameter

is measured by an alr flow method disclosed in ASTM F-316-86.



25 neither destruction such as crack nor damages of the hollow fiber

menbr ane was observed. The above-nentioned repeating pressurization test
corresponds to a filtration operation faor four 32 years supposing that
the operation is a cycle operation in which back wash is conduct ed at
intervals of 30 mnutes . After the test t he nodul e was dismantled and it

was obser V%rﬁ:ﬂ% #Tg]%aﬁ%ﬂrf% fﬁib di %gaggenebsgg\?ﬂggpag%gpggga'n{&%’vﬂgéihg,lr ?%T%Ig]?r ane
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ri ng- shape e of ,silicone rubber XE14-B7179 (trade nane;

manuf act ur;atf%%?ﬁgygﬁdc? %ﬁl&er]’ousﬁ'ﬁ ja Silicones Co., Ltd.). Herein, this
housi ng had a ring i nner dia re, 14 hi ckness: 2
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25 (trade nane; nanufactured and so i‘cones ; Ttd. )
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flange of t housi ng, 't ol'l ow ion of the

menbr anes V&am&egsdag%%tgtggﬁga %gmhgoy@stﬁgc@eg@& £gigr5ﬂfdessi decphgee the

fl ange was not arranged, Ing J1g was attached arrangi ng 37

t ube- shape e of _ r e i .0 j t f.10 mm
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15 resin such as polyether sulfone and polysulfone; ether resin such
as polyether ketone and polyether ether ketone; and the like. The
material for MF membrane includes polyolefins such as polyethylene,
polypropylene and polybutene; fluoro resin such as
ethylene-tetrafluoroethylene copolymer, polyvinylidene fluoride,

20 tetrafluoroethylene-hexafluoropropylene copolymer and
tetrafluoroethylene-perfluorocalkylvinylether copolymer; sulfone
resin such as polysulfone and polyether sulfone; vinyl alcohol
resin; and the like. BAmong them, chloro resin and fluoro resin are
preferred from the viewpoint of ozone resistance.

25 The above-mentioned canstitution provides the module of

the present invention with sufficient pressure resistance without

thickening the potting portion. Depending on a diameter of the



10 at a mass ratio (agent Alagent B) of 1/|. After the above-nent coned
hol | ow fi ber nmenbrane cartridge was subjected to the heat settling at an
anbi ent tenperature of 120 C, unnecessapy potting material on the flanged
side was cut off to open the hollow portion of the hollow fiber nmenbranes
and 15 tube- shaped tools on the opposite side were renoved to prepare a
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cont i nued: ALber of SRERILHO L1 oSS 490 B Go00L 4 TESed gkl

the pottin I on was a| n an I’IEIt er ructi on sucn as crack

nor dangges,of sLBG& 'dgﬁ s;}tjﬁ{ltr‘”&{"%'{réﬂg 1"?% 89313{ 240 Mo‘i:e%%i‘e JIP%%O”GO'

'repeatl ng pressurlza corres a filtration eratlon or 4.5

Y. SO % 3 the R@ﬂ p% tggnaigyfd %eo%%faei%hogﬁe estrﬁ@tﬁ@ opack

wash i s con uct I nter va m nu ter nodul e
was di smant i S d shor.t: n t he
hol | ow fi be%%%qg £a‘¥\aﬁv§tgﬁeﬂr :ég’ 1\?\%2&% ahﬁ?d (I}P 1§§51ﬂ{§;o%0‘r8§%€f§ l’%gta ance
bet ween t hetdplsl %.‘Q’ Ehbet mewbgans; aid LbeafidW 19RSafal¥B1 Rol BRe RRSILIRY
portion. Exanple

fiber membrane in advance and a bonding jig as shown in Fig. 26 is

20 inserted and secured in the plping portion to avoid leaking of the
resin. The above-mentioned housing having bonding jigs arranged
at both sides is rotated and liquid potting material is injected
to both sides by centrifugal force. In Figs. 25 and 26, numeral
18 represents a resin injection inlet. According to the kind of

25 the potting material used, heating at about 40 to 80 °C is sometimes
required. After a prescribed time passes and the potting material

is cured, the rotation is stopped and the bonding jigs are detached.



5 Four bundl es conprising 1,260 PVDF hollow fiber mcrofiltration nmenbranes
(i nner dianeter/outer dianeter: 0.70/1.25 mm average pore dianeter
according to ASTM 316-86: 0. 2Nm porosdty: 70 % obtained by the nethod
described in JP-A-2001-62267 were prepared. 10 The above-nentioned four
bundl es of the hollow fiber nmenbranes were installed in a flanged housing

made of SU%3Qfe (4 1HHnt & TREEH PYWEho AL AL E to baY0ddr, T ﬂo%ﬁghgénn%lﬁ 000

m). This housing was equipped wth a ring 4 ( 1nner dianeter: 14

t hi ckness Zﬂor'f‘lbn%soéﬁ)fﬁaﬁsé Eg't%@icIHTB%un@Eaé%‘} d Eiﬂ: %o W £81 Y68

nol ded 15 integrally w the housing, and a rib having cross shaped
section (Fighrtd WESE Qi3 €59 ef‘é%r%érﬂ&%nb? FUrkheH) HPSnEd1HAIGHLD the

ring 4 by conbination of notc In addition, the rib 3 was pre-coated in

2 mmthick wi { il L L eFY,S
XE14- B7179 %ﬁ gggiél‘g\(?g)g BAEHACEo T 36086 M ﬁt%/ri%(%g%E sl P

Co., LtG &atdriB§%o e bPeh 2988l V298N p 58k lflizlltrg'l:li&h%g(f)f %mbgsnél anged

side of the cartridge housing, the hollow portion of the ho fiber

Menbranes VRsneabed g rbAet inbgggid}ﬂ jwhﬂgﬂ‘%ﬁ%@&??ﬁigg@@?v&ﬁ:e? de where

the flange was not 25 arranged, a nding j1g was att after arranging
37 tube- shaped gia@! ScaRdR BtoRRLe@HIPYLAG AP LBY- Sl €boflh ABLAbWRT 11
nm The hol | owsfi bercmanbrgngs and got%fn end-rsbao}'l t he Lﬁ’a36 a%ove-mantroned
housi ng w t{y, hanrding.jigs were fixed by centrifugal casting at an anbient
tenperature of 60 C using a potting material of silicone rubber of potting

materi al obt ai ned bhﬂiﬂ@d@ 256 Modufe ¥t Re %‘reﬁgﬁé-ﬁz—%ﬁgﬁﬁ [c%ﬁebé‘%%h

manuf act ured and sol d by Toshiba 5 Silicones Co., Ltd. at a nmass ratio

(agent 1w/ agenthd?) £t déloalAbliCintdladbp¥EssBR tiyBBegh NAte¥n fhdi@loamBebr ane
cartridge was subjected to the post heat treatnent at an anbient

t enper at ur ecof sb2@alled Xk tePREL §1RBEMr& Alyigen g1 Bt Al 1onl mefhddleit| anpged side
was cut off to open the hollow portion of the hollow fiber nenbranes 10 and

t ube- shapedadviitagedubP HHROSht FaristiGR1WET forf &HRY BHté AN PRBESutd & yRel | ow
fi ber nmenbrane cartridge collecting water at one end where the hol | ow

portion wastsp@dstdoanfieBifod Md &hichOfaw Ukitley A8 SaypMRIEEr¥R €hditerThe
t hi ckness of the potting portion of the resultant cartridge was 110 nm on

the flangedser£iceaBdddbemEhe Moll6w GRiabTRhE tinalledena iPehetratel watehakd ess
after curing of silicone rubber of potting material was 58 at both 25 C and

60 C. SsbseqoErddtpd £Hem ahevenn@nbudfwsk Bolé OWFhirbRér menbrmdt1east ridge 1
was inst ailed in an outer housing 19 with a sc rew nade 20 of stainless

st eal throughesentO IrvemtIoni hasaihporagy efldcHdp @essftarted rand Gan3de

Further, a nolded article prepared by integrally nolding a fixing device

W th partit advapadeocnsliparsedq forf Lndtarel, i f£9 the filtration method in the
presence of ozone, and further for the external pressure type
filtration method in the presence of ozone.

20 Since non-penetrated contaminant accum lates on the outer
surface side of the hollow fiber membrane in the external pressure
filtration method using a hollow fiber membrane module, the
filtration operation can be continued more stably by periodically
conducting air bubbl ing, back wash, £lushing or plural physical wash.

25 Detailed examples of the external pressure filtration method by
hollow fiber membrane module are described in WO 00/63122 or the

like.



in a conbined shape of circular shape and radial shape (Fig. 15 Werein
groove for Oring is omtted) and a cap was arranged on the 25 housi ng
through the Oring 9, and then the oute# housing 19 and cap 7 were secured
with cap nut 23 . The outer housing 19 was sub jected to hydraulic
pressurization with marnrmater havi ng a tenperature 37 of 432 C under

pressure of 200 KPaughiigh, v %%ag,gggxn L e, [dQARe LG, T Xi ng

devi ce and the opposr e"sid erna hrs e anount of the

ozone gas Vg$.agdl Lﬁtﬁsﬂ??g%&ogr% oy @g%@gtzw?%etggt efAégn%%hgape% ed oL

with an eIector SO t conceén one ‘wat er

Al ter repe &?ngi}gdogllgg G’EQ;[ o%ﬁgt?%lfa%%h epreasggrzhﬁgt o‘?:anXrag ""ater

(90 sec/cycle |on was € nert he

destructloraiegﬁbu@fo CILeCk, B tQW% L @ﬁ;g £1ipS

observed. Fur the repeatrng pressuri ? Vas res r

After T gpeali RaqpLEssULd ﬁahrggﬂaéggs&%o réﬁ}h&a@taﬂ@c udde JRObL Lag,por i on

was agaln c ked and ne ruc as crdack nor anages ‘of the

hol | ow Ti bet, FREPT aNg. W nl:i% geézonehrgo gyl uatd gn ?é( J.ng%a?&' N9

pressurization was continue te repedting 1 pressurrza 1'oNn 0 00

times in t%faka“tvhaetel%o%'dk% %QgéLo&n‘%iPi‘gﬁe o%Pe%( % i”ga&? r},{)bc%E: can

destruction such as crack nor anmages o rane was

observed. 4N aRoye-dBdl %‘t?@%q%er %atbegde‘Hr%%ﬂﬁ% Z&@#ﬁ&%ﬂo&%{ ‘8?&9&“’5 to

a filtration operation supposi n hat eratron 1s

cycle Operaéﬂiagtiﬁ%%'rﬁl% 39#1%%%&?3%' 3 RQ%HE%.?ﬁgi%r' E‘n%E:Xf"i‘éﬁ. 8313’0

mnutes . After t t est ul e was |snan and was o served

that the shoid£alo dLednosen ?%\Pﬁﬁﬂiﬁé}&m& ltﬂé!\’mfe}ntlﬁé @?H@é %?%afa%th? rib

was 2 mmin the potting poriion. 25 Reference Exanp est sanple was
prepared ungiRie! RAnSHE SOFEN1IaONS Ao r! %dﬁ%ﬁﬁﬁ@&?ﬁr E&‘ﬂ”&h@eﬂm%ﬁ@iyt hat a

fix ing device was not arranged,
According to the above-mentiloned construction, the module of the
present invention can maintain practical pressure resistance over

a long perliod even under a severe condition such as ozone

15 concentration of 0.3 to 3 mg/L.

Examples
Hereinafter, examples of the present invention are
explalned referring to Examples. In Examples, JIS-A hardness of
20 the potting material was measured by a Type A Durometer hardness
meter of JIS-K6253 (manufactured and sold by Koubunshli Keiki Co.,

Ltd., Asker A type).

Reference Example 1
25 A polyurethane resin prepared by mixing C-4403 (trade
name) manufactured and sold by Nippon Polyurethane Industry Co.,

Ltd. as a maln agent of urethane resin and N-4221 (trade name)



38 and hydraulic pressurization was conducted under the sane conditions as
I n Reference Exanple 1. The observation of the transformation of the
potting portion shows that the center @rtion of the potting portion was
nost largely transformed and the thickness difference 5 between before and
after pressurization (before and after transformation) was 8 nmm Conti nui ng

th a aboveriRarhenerbd At id by £AS Wi dcBant Allesl YerfEsbdati 8 21 ong

t he outer peripheral portion of 'the potting portion and | eakage of water

occurred i|maQQLHa3:i%f(tn?e[int/B§r9ﬂ§)r@f%97‘3?%9&%@ 80alfdhgd hBoe¥AlJ oL Was
stopped. 10 Reference Exanple A test sanple was prepared under the sane

condi ti ons @ambPe RES G N8 Larkat@R! £ PG X ESP tumh NHaePof n¥E L sIRVHLB1URSL NOL

arranged, and hydraulic pressurization was conducted under the sane

condi tions s 1n.Referepce EXx le.2. The, obseryvalifon,of

transfor rrattljig‘reigbf a?%e%eﬁfgt ??n‘bn 683%)%% CBRE LT otfth’ c@n?%“r 4:)?)1?"%1 ant%f t he
potting portion was nost largely transformed and the thickness difference
bet ween3befFE - anthed-t Beapred$ding HaoFopPerbee and0ait EPT tYMONEENER i on)
was 14 mm Continuing the above-nenti oned 20 hydraulic pressuriz ation, the
cohesi ve d@FePaELiSoPCHIRTPtdoniaringar tiptEngissdr 3 BR- oflerekn pdi®rhg

portion and | eakage of water occurred 7 hours after the operation started
so that thdaEdaPgst PR rdpgppedthe BrRéPape nERS I BFpfleaT the @ottingpl e
was prepared under the sane conditions as in Reference Exanple 4 except
t hat nei t harateirtahgwae\ic@tnas iC pgd 9@AL 40 °C.
Subsequently, the above-mentioned housing filled with
10 the urethane resin was installed through a flat packing in a
cylindrical pressure container made of stainless steel and equipped
with a flange having bolt holes. On the flange portion of the housing,
a fixing device being molded integrally with a flange having bolt
holes and comprising a partition portion having a cross-shaped flat
15 section (Fig. 28 whereln groove for O-ring is omitted) was arranged
through the O-ring and secured with blots. Then, the pressure
container was hydraulically pressurized from the side where the
fixing device was not arranged using warm water having a temperature
of 40x1 °C under a pressure of 300 KPa. When the transformation of
20 the potting portion was observed, the farthest portion from the
portion supported by the £ixing device (frame portion and partition
portion) was most largely transformed in the end face of the potting
portion and the thickness difference between before and after
pressurization (before and after transformation) was 2 mm. The
25 above-mentioned hydraulic pressurization was continued for 240
hours, but no destruction such as cracks of the potting portion was

observed.



was arranged, and hydraulic pressurization was conducted under the sane
conditions as in Reference Exanple 3. The observation of the transformation
of the potting portion shows that the genter portion of the potting portion
was nost largely transfornmed and the thickness 5 difference between before
and after pressurization (before and after transformation) was 14 nmm
Further, the repeating pressurization test was conducted by using this
sanpl e under the sane conditions as in Reference Exanple 4. In the 3,407th
test, the gg arat us for %o repeating pressurization was stopped owing to
abnormal f ?ﬂﬁﬁl ethe pressur|2|ng punp. When the potting portion
of this sanple was ecke

of the outer periphefgl ™ot Fﬁ&nng%{ﬁ %ngﬁgﬁg 3 %ﬁﬁﬁfgéﬁﬁﬁﬁ%%§§§¥%n5'de
ot | 0w 11 bEPSHERTIERS G5 19 gy BY EaHy BESr Gt -aflidr Sf5CH: P ra%ir%gﬁf%lt Fon
G T TY T %&Jﬁgﬁ}f”??ﬁﬁr%%ﬁ%éﬁ?ﬁ S SRR B8 T ATEREET vhen
Por T on shSTUBLEAALPBPE AL A LERCo Yt FIGHetRi oh AT SAAYI BT 84 '%f%' air
Liﬁi‘i&ifﬁ%‘%‘é Shovdﬁﬁa%%] i FIRE (anefrtpese” 200 Mag %égaﬁ i1
Barpl e 5 &iBBRESTHAE oty mppded Oiﬁ%%%?gﬁlru” v‘f*beehaﬁg'f?sggr%dﬁ;tsﬁﬁﬁ anged.

When t he pressurlzatlon was repeated 10 , 000 tines, the
in Fig. 23. After leaving at an ambient temperature of 40 °C for

10 4 hours to cure, heat settling was further conducted at 60°C for
20 hours to prepare a potting portion 65 mm thick comprising a
urethane resin as a potting material. Herein, JIS-A hardness after
curing of the urethane resin was 78 at 25 °C and 71 at 60°C.

Subsequently, the above-mentioned housing filled with

15 the urethane resin was installed through a flat packing in a
cylindrical pressure container made of stainless steel and equipped
with a flange having bolt holes. On the flange portion of the housing,
a fixing device being equipped with a flange having bolt holes and
comprising a partition portion having a flat section of the combined

20 shape of circular shape and cross shape (Fig. 29 wherein groove for
O-ring 1s omltted) was arranged through the O-ring and fixed with
blots. Then, the pressure contailner was hydraulically pressurized
from the side where the fixing device was not arranged using warm
water having a temperature of 40:x1 °C under a pressure of 300 KPa.

25 When the transformation of the potting portion was observed, the
center portion surrounded by the central circular partition portion

of the fixing device was most largely transformed in the end face



5 observation of the potting portion showed that crack in the potting
portion already occurred and air | eakage check showed occurrence of | eakage
I ndustrial Applicability 10 The present invents on can provide a nodul e

using a flexible potting material in which the transformation of the
potting portion upon filtrat ion operation is res trained. Particularly,

the present__ipventiQn_can pr.ovi de | a scal e hol low fjher nme ane

nodul e nai r?tfa?%? rPgOtSrlggtqocaloBraé%ds&thg ég%es’ieélﬁgeofﬁlr\%'fl&c E%1 e£o"%:rceurrence

of the bre g f_the hol]ow.fib nbrane_ Ln the interface of th

I|20t E ihng p??[%?oﬁfﬁe/arstprrégﬂ’lﬁl Z_nv‘u‘d'ovr\lli ?hﬁg(?r‘? " k8§€?1rg ﬁgsf%ﬂaﬁﬁ'é’ngow?% n. I
urt her, e prese invention SO C provide,a ule in i C em ca
resi stance N t']‘rﬁhee %%?‘fel H‘S_n%%?? %Jt)lyﬁ?%a_“} ﬁfé&“&ﬁﬁ?gg%‘g%s S?n%ue%e ane in

venti on RO0SRFR PRE EREEERE TR RENER SrarFeatidin PECEI SEoF FIOR ment

of tap wat %Ssgghegga iver water, |akes and marshes water and underground

wat er and renovar ot ‘'urbidity fromthe secondary processing waste water

particularly in the field of water treatnent using an external pressure
filtration 25 menbrane nodul e and ozone. 41 CLAIMS 1. A hollow fi ber

menbr ane I | Sl nodul e housi ng; a holl ow fi ber nmenbrane bundl e
conpri si ngq%%ﬁ ﬁggﬁﬂyﬁgg%ghol | ow fi ber menbranes, at |east one end

Ponst Cone part of 't HePPERa Pt I ol FeReE1 A8 B safadha chbhe, ™
bott1ng. mac s BPCHA S tn el P B iR e s o e PSSl [0
1 xed a0 arf traSb i) TRbipRiab s fnd oBSa M GEBORO it [odes eR okt RE or

W thout i ol poe8 A, (aFeds B ebkh (o TRCCESRNE, S PlledrdOs BT O
i ber menbr ane uRdub 8, ARG Q" PNkt (aig}rq%t%}.‘/]buge@ &@ﬁlaegkef}.:alé%'wl%ls' ¥

r
consisting of thé potting nmateri al aving at ness of at easf 1 mm
exi sts bet eg L i I f i I .hol | ow
fiber nenbr ane_%ggf eibaég%:%é g?ﬁb&?g %fﬁg %e?%iép@?%rﬁg?tnﬁpggn%ggzgg.t he
1INg | a8 mh ARkobE821dd1A8 vinRT ad Andwn WCFLIP! H21V1LhE o EAR ARG, MOAL] €
according to claim1l, ereln a fixing device 1s arranged outside the end

face ofys5t e At bENthd ol Py ¥y WBEafhd'e 18hvPRE VHORRE 14 G tN2h | ¥ afhber

menbr ane

temperature of 60 °C for 5 hours to cure, and further conducting
heat settling at 120 °C for 3 hours. Herein, JIS-A hardness after

curing of the silicone rubber was 60 at both 25 °C and 60 °C.
Subsequently, the above-mentioned housing filled with the
20 silicone rubber was installed through a flat packing in a cylindrical
pressure container made of stainless steel and equipped with a £lange
having bolt holes. On the flange portion of the housing, a f£ixing
device being equipped with a flange having bolt holes and comprising
a partition portion having a flat section of the combined shape of
25 circular shape and radial shape (Fig. 30 wherein groove for O-ring
is omitted) was arranged through the O-ring and secured with blots.

Then, the pressure container was hydraulically pressurized from the



substantially without sealing the end of the openings. 5. The hollow fi ber
menbr ane nodul e according to claim4, 25 wherein the fixing device
conprises a frame portion and a partiti®dn portion, and the cross-section of
the partition portion perpendicular to the longitudinal direction of the
hol | ow fi ber 42 menbrane nodul e has a shape selected fromthe group

consi sting s@fe ¥hess tHaa8:1nk AHdvi1ee wiltalst afAHRla $iREyaOReNGoRd ihape and

conbi ned shape of cross or radial shape and circul ar shape. 6. The hol | ow

fiber rrerrbraarggmgg%i&q&ea%go?gwgoct gagggi yﬁses.%%gf:ﬁgﬁ?@ ‘%qpvﬁ“é‘?re%a”

O-ring is arran on th I XI n g device. ow f i ber rane

modul e 860 QLHL G SLALE! duo WIELRAD JA12Eh g d SIALLARGSd AT ALLE! {0

the end face o e pottrn I-on. r rane nodul e
anal e port ot e ey EE ke S B SR B heBBPanEfob e 8Ba 8Ty o
Che 11 b7 & VAP ERP SIPAAE. PRtS REFF-OF THECHOORT Y (HPOUTRE e OF AR S and
|t2te e(t:jir gl : ;p%r;éﬁg%%%rpr%%%légn(i% tt?‘%eifﬂ’gfjl{‘%\\:&lfv!iﬁg a’%‘g&&%ﬁgnﬁ%ﬂﬁegggcﬁ’ﬂi ng to
nar dnoss. afer-ou Pafage o s T et S5oR Pobih RBHFhfg B B EPIRE hoou
Fixed on t FaThasdtas BioRalt Thor sbipde sHUCERR AR aRlphb IFRcRFORE™ '
housing at 4;3¢.POILd NBePRd | Q4 after pressurization (before and after

10 transformation) in each portion was 2 mm.

The above-mentioned hydraulic pressurizing was continued
for 450 hours, but no destruction such as cracks of the potting

portion was observed.

15 Reference Example 4
A flanged housing having the same structure as in
Reference Example 3 was prepared by £ixing a ring thereon by welding,
and a rib having a flat section of cross shape was £ixed on the ring
by welding.
20 Subsequently, a potting portion 60 mm thick comprising
a silicone rubber as a potting material was formed by mixing agents
A and B of TSE-3337 (trade name) manufactured and sold by GE Toshiba
Silicones Co., Ltd. at amass ratio (agent A/agent B) of 1/1, feeding
the mixture to the above-mentioned housing, leaving the housing at

25 an ambient temperature of 60 °C for 5 hours to cure, and further

conducting heat settling at 120 °C for 3 hours. Herein, JIS-A

hardness after curing of the silicone rubber was 60 at both room



12. The holl ow fi ber nmenbrane nodul e according to claim11l, 25 wherein a

filling | ayer consisting of the potting material and having a thickness of
at least 1 nmexists bet ween the innerowal 1 of the housing and the hol |l ow
fi ber menbrane in the potting portion. 43 13. An external pressuxe

filtration nmethod conprising supplyiing a raw water froman outer surface of
a holl ow fiber nmenbrane bundle and collecting a filtered water from an

i nner sur f EBPBF2EYR® BAAdP® By using the hol low fi ber menbrane nodul e
according to any 5 one of clainms 1 to 9.

. A@D . AS&. Af . Af &L. AGURRYT ASharPPYageDE 1oged hegs A £ Abed whbdhshki¢ongs £ Af 9
AF{LY. Af "E. AS . Af LE. As. Ay. & ASLI . Af {& ASs_. AS . AS. AS . AS& AS . AS92. AS . AQ
Y. A@ E. AS9 TRRPeRyesHngspl leodthroggha /{f\@? PASbing ip-a cylindrical pressure
HRUdeOs46yzupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caUIlca] cajcalc
a] ca] ca] ca]CRfeAReRn ] Bafe Al AYpdr}eEY TGl gRtapd{with |flangey After

A} xsnid Z]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
ca] ca] C§] c éﬂré'éP@hT% & €8P} (?BFC‘H:]‘{F&P@ hydraulic préssurization by water

UWZ6t &@ xsni d*Xni d_Z] U] cal] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] daivdall 8athnpedatack cof c2f@afC ajndd &) paegpeiayof 500 KPa was
Fiinttit "m """ 3#~ytoj e [ Vni d*Xni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] cal] calfepabiedli caddoathd fghroalhattlscak catjthalfam dltachatd lya U] Tae8#q#| ##
#38V$$$% % 988880

&P&&&' ?' | ' 'ddyeFhentigngddsyiraulic preadend 2eticawvea] mpleaspdaPcad e &lnag ca] cal ¢
aJ cal ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalcalcalcalcalcal)*Prn****0 ++++
. W. / 01lu2wh 3 HEY @39$ 8@ 94n\suwh as cracks was observed in the potting portion.

; <I ==M?| wr mhc”"Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] é8] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca! M@0 @ @ARAI AAA+BmBBB1Ct CCCDQDD
DEcEEE/ FsFFFF' GcG xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca]ix@mpadpcd] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! cGEG HNHHHBI | J1 JJIKNKK
KL LLLMIMVMVNBNY NNOI OOC} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] Eejx ajsapies c Juwrdsiog] chii¥)| cEVPE] cheldgmOPERber
QOQROR] RRRR&SNSSSSVWMY1ZZ7V] ] __8abb} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cegefdlEapbiqre a] mentranes] cdieapra] dipraren]ettieda] cdfjamertes} ca! bece
ffhhjjl {nCoFooopQoppqgZqqq

r Prrrssot { t2{19)/4s 2b dn| aidragk qoreal iampt el ealoafited taAsaMc dlsapéaloc@ma)l ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! u uuuu<wKxxyz6{{||}B}}}}~
P~~~] G1q} X sprxbsdltel: | T )c ab tadned] by jtha] medied] éeganlbed] apeahe2f@jéeapta] caj c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!: IMY9] OvOv@ xsni d_Z] c]] ca] ca] ca
] ca] ca] ca] cedmapcabeaédal ca)l ca] ca] ca] ca] cal] ca] ca] cal ca] ca] ca] ca] ca]ca] ca]ca
] ca] ca] ca] ca] ca! LRX@ :

NVZX* kH} xsmhc”Y] c] caPubdeniendlyca fadugdd hovaluna]lc dloedr diempter baltea] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! #7p, ~8

LSJa} xsni d_Aanqtea]: c 43 ¢a] Waiwa] ealgthf ch) @0 ow) cldiow] mafle dft §P8ajesjard] ca] ca
] ca] ca] ca] ca] cal]cal]ca]ca]caljcaljcaljcaljcala'j7:[ocAV@ !} xsnid_Z]c]]ca]ca]ca]ca
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After the hollow fiber membranes and both end faces of
the above-mentioned housing with bonding Jjigs were fixed by
centrifugal casting at an ambient temperature of 60 °C using a potting

10 material of TSE-3337 (trade name; mixing agents A and B at a mass
ratlo of 1/1), manufactured and sold by GE Toshiba Silicones Co.,
Ltd., heat settling was conducted at an ambient temperature of 120
°c.

Subsequently, the unnecessary potting portion on the

15 flanged side was cut off to open the hollow portion of the hollow
fiber membranes 2 and tube-shaped tools on the opposite side were
removed to prepare a hollow fiber membrane cartridge collecting
water at one end where the hollow portion is sealed and 37 inlets
for supplying raw water are open. The thickness of the potting

20 portion 6 of the resultant cartridge was 100 mm on the flanged side
and 30 mm on the opposite side.

Herein, JIS-A hardness of silicone rubber of potting
material 5 was 60 at both 25 °C and 60 °C.

Subsequently, the above-mentioned hollow fiber membrane

25 cartridge was installed in a flanged outer housing 19 (cylindrical
pressure contalner made of stalnless steal) through a flat packing

21 with a flanged side up as shown in Fig. 31. In Fig. 31, numeral
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shape (Fig. 10 whereiln groove for O-ring is omitted), a flange 16
and a cap 7 was arranged on the flange of the housing 1 through an
O-ring 9, and secured with bolt 22. The outer housing 19 was

subjected to hydraullc pressurization with warm water at a
10 temperature of 43:2 °C under a pressure of 300 KPa, which was

repeatedly conducted from the slde of £ixing device and the opposite
side alternately. In this test, the amount of the ozone gas was
adjusted by dosing ozone to the warm water to be supplied with an
ejector so that the concentration of the ozone water be 10 mg/L.
15 After repeating the above-mentioned hydraulic pressurization by
ozone water (90 sec/cycle) 15,000 times, the potting portion was
checked and neither destruction such as crack nor damages of the
hollow fiber membrane was observed therein. Further, the repeating
pressurization test was restarted. After the pressurization was
20 repeated 50,000 times in total, the potting portion was again checked
and neither the destruction such as crack nor damages of the hollow
fiber membrane was observed. Further, the evaluation by repeating
pressurlzation was continued. After repeating the pressurization
70,000 times in total, the potting portion was again checked and
25 neither destruction such as crack nor damages of the hollow fiber
membrane was observed. The above-mentioned repeating

pressurization test corresponds to a filtration operation for four
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Example 2
Four bundles comprising 1,250 PVDF hollow fiber
10 mlicrofiltration membranes {inner diameter/outer diameter:

0.70/1.25 mm, average pore diameter according to ASTM 316-86: 0.2

pwm, porosity: 70 %) obtained by the method described in
JP-A-2001-62267 were prepared.
Subsequently, the above-mentioned four bundles of the
15 hollow fiber membranes were installed in a housing 1 made of SUS-304
(inner diameter/outer diameter: 155/165 mm, length: 1,000 mm) and
then secured with a 3 mm thick ring-shaped tool made of silicone
rubber XE14-B7179 (trade name; manufactured and sold by GE Toshiba
Silicones Co., Ltd.). Herein, this housing had a ring 4 (inner
20 diameter: 145 mm, thickness: 21 mm, R~processing: 3 mmR), as shown
in Fig. 23, molded integrally with the housing and a rib 3 having
a cross-shaped flat section was arranged on the ring by combination
of notches. In addition, the rib 3 was pre-coated in 2 mm thick
by silicone rubber obtained by mixing agents A and B of XE14-B7179
25 (trade name; manufactured and sold by GE Toshiba Silicones Co., Ltd.)
at a mass ratio (agent A/agent B) of 1l/1.

Further, on the side of the flange of the housing, the
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casting at an ambient temperature of 60 °C using a potting material
of silicone rubber obtained by mixing agents A and B of XE14-B7179
(trade name) manufactured and sold by GE Toshiba Silicones Co., Ltd.
10 at a mass ratio (agent A/agent B) of 1/1.

After the above-ment ioned hollow £iber membrane cartridge
was subjected to the heat settling at an amblent temperature of 120
°C, unnecessary potting material on the flanged side was cut off
to open the hollow portion of the hollow fiber membranes and
15 tube-shaped tools on the opposite side were removed to prepare a
hollow fiber membrane cartridge collecting water at one end where
the hollow portion was sealed and 37 inlets for supplying raw water
were open. The thickness of the potting portion of the resultant
cartridge was 100 mm on the flanged side and 30 mm on the opposite
20 side.
Herein, JIS-A hardness of silicone rubber of potting
material was 58 at both 25 °C and 60 °C.
Subsequently, the above-mentioned hollow fiber membrane
cartridge 1 was installed in a £langed outer housing 19 (cylindrical
25 pressure container made of stainless steal) through a flat packing
21 with a flanged side up as shown in Fig. 31. Further, a molded

article prepared by integrally molding a £fixing device with



*109& ()-! pf S #109%& ()-!\fS #109%& ()- SH109%& ()-'a SH#10%& ()- 8abbbbbccr P1
Nt y+S#10% ! | 9" 109%& ()- !09"10%&' ()- y 10% ()- 1000 1000 1000!
y+S#10900& () -ycdEeeffgzXx6Pl !!a-/ @10%& ()- 'y yL$- #109%&R&& () -

| fyL$-#109& ()- S #10%& ()-'t S-#1098!& ()-!pcS #109%& () - ghhhhhijjr Pl
Y109& ()-!* "10%pé& ()-!"10%b& ()-f910% ()- 1088 10&& 10&&!y/ @10%RES () -
jrl2 @
RUEY ()%QPQ%%}?}&Q Pt o TP FEPBLIP ok 3 ) SR8 % 1 TR T BocoFoo

V71 O‘V 0

Oppazaqa Eatotton Enebl g Jarche Sitihs rabe Fierhad {%ﬁbf‘&fﬁ)ﬁo‘{*ﬂ%{y& 0

P otd ! 0 $ 0% "
Lo () - ot (e P-Sheaid bR ant A'on:2 ¥ ]70'{‘%%&%*%@&%&3?
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5 housing 19 was subjected to hydraulic pressurization with warm water
having a temperature of 45+2 °C under pressure of 200 KPa, which was
repeatedly conducted from the side of fixing device and the opposite
side alternately. In this test, the amount of the ozone gas was
adjusted by dosing ozone to the warm water to be supplied with an

10 ejector so that the concentration of the ozone water be 10 mg/L.
After repeating the above-mentioned hydraulic
pressurization by ozone water (90 sec/cycle) 20,000 times, the
potting portion was checked and neither destruction such as crack

nor damages of the hollow fiber membrane was observed. Further,

15 the repeating pressurization test was restarted. After the
pressurization was repeated 60,000 times in total, the potting
portion was again checked and neither destruction such as crack nor
damages of the hollow fiber membrane was observed. Further, the
repeating pressurization test was continued. After repeating the

20 pressurization 80,000 times in total, the potting portion was again
checked and neither destruction such as crack nor damages of the
hollow fiber membrane was observed. The above-mentioned repeating
pressurization test corresponds to a filtration operation for 4.5
years supposing that the operation is a cycle operation in which

25 back wash 1s conducted at intervals of 30 minutes. After the test,
the module was dismantled and it was observed that the shortest

distance between the hollow fiber membrane and the rib was 2 mm and
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Example 3

5 Four bundles comprising 1,260 PVDF hollow fiber
microfiltration membranes (inner dilameter/outer diameter:
0.70/1.25 mm, average pore diameter according to ASTM 316-86: 0.2um,
porosity: 70 %) obtained by the method described in JP-A-~2001-62267
were prepared.

10 The above-mentioned four bundles of the hollow fiber
membranes were installed in a flanged housing made of SUS-304 (inner
diameter/outer diameter: 155/165 mm, length: 1,000 mm). This
housing was equipped with aring 4 (inner diameter: 145 mm, thickness:
21 mm, R-processing: 3 mmR), as shown .in Fig. 23, which was molded

15 integrally with the housing, and a rib having a cross shaped section
(Fl1g. 2 wherein groove for O-ring is omitted) was arranged on the
ring 4 by comblnation of notches. In addition, the rib 3 was
pre~coated in 2 mm thick with silicone rubber obtained by mixing
agents A and B of XE14-B7179 (trade name) manufactured and sold by

20 GE Toshiba Silicones Co., Ltd. at a mass ratio (agent A/agent B)
of 1/1.

Further, on the flanged side of the cartridge housing,
the hollow portion of the hollow fiber membranes was sealed and then
a bonding Jig was attached. On the side where the flange was not

25 arranged, a bonding jig was attached after arranging 37 tube-shaped

tools made of polypropylene having an outer dlameter of 11 mm.

The hollow fiber membranes and both ends of the
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5 Silicones Co., Ltd. at a mass ratio (agent A/agent B) of 1/1.
After the above-ment ioned hollow £iber membrane cartridge

was subjected to the post heat treatment at an ambient temperature

of 120 °C, the unnecessary potting material on the flanged side was
cut off to open the hollow portion of the hollow fiber membranes
10 and tube-shaped tools on the opposite side were removed to prepare
the hollow fiber membrane cartridge collecting water at one end where
the hollow portlon was sealed and 37 inlets for supplying raw water
were open. The thickness of the potting portion of the resultant
cartridge was 110 mm on the flanged side and 30 mm on the opposite
15 side.
Herein, JIS-A hardness after curing of silicone rubber
of potting material was 58 at both 25 °C and 60 °C,
Subsequently, the above-mentioned hollow fiber membrane
cartridge 1 was installed in an outer housing 19 with a screw made
20 of stainless steal through an O-ring 9 with a flanged side up as
shown in Fig. 32. Further, a molded article prepared by integrally
molding a fixing device with partition portion having a flat section
in a combined shape of circular shape and radial shape (Fig. 15
wherein groove for O-ring is omitted) and a cap was arranged on the
25 housing through the O-ring 9, and then the outer housing 19 and cap
7 were secured with cap nut 23. The outer housing 19 was subjected

to hydraulic pressurization with warm water having a temperature
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In this test, the amount of the ozone gas was adjusted by dosing
ozone to the warm water to be supplied with an ejector so that the
concentration of the ozone water be 10 mg/L.

After repeating the above-mentioned hydraulic
pressurization by ozone water (90 sec/cycle) 50,000 times, the
potting portion was checked and neither destruction such as crack
nor damages of the hollow fiber membrane was observed. Further,
the repeating pressurization test was restarted. After repeating
pressurlization 100,000 times in total, the potting portion was again
checked and neither destruction such as crack nc:>r damages of the
hollow fiber membrane was observed. Further, the evaluation by
repeating pressurization was continued. After repeating
pressurization 160,000 times in total, the potting portion was again
checked and neither destruction such as crack nor damages of the
hollow fiber membrane was observed. The above-mentioned repeating
pressurization test corresponds to a flltration operation for 9.3
yYears supposing that the operation is a cycle operation in which
back wash is conducted at intervals of 30 minutes. After the test,
the module was dismantled and it was observed that the shortest
distance between the hollow fiber menmbrane and the rib was 2 mm in

the potting portion.

Reference Example 5

A test sample was prepared under the same conditions as

in Reference Example 1 except that a fixing device was not arranged,
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5 Dbetween before and after pressurization (before and after
transformation) was 8 mm. Continuing the above-mentioned hydraulic
pressurization, cohesive destruction along the outer peripheral
portion of the potting portion and leakage of water occurred 11 hours

after the operation started so that the evaluation was stopped.

10

Reference Example 6

A test sample was prepared under the same conditions as
in Reference Example 2 except that a fixing device was not arranged,
and hydraulic pressurization was conducted under the same condltions

15 as in Reference Example 2. The observation of the transformation
of the potting portion shows that the center portion of the potting
portion was most largely transformed and the thickness difference
between before and after pressurization (before and after
transformation) was 14 mm. Continuing the above-mentioned

20 hydraulic pressurization, the cohesive destruction along the outer
peripheral portion of the potting portion and leakage of water

occurred 7 hours after the operation started so that the evaluation

was stopped.

25 Reference Example 7

A test sample was prepared under the same conditlons as

in Reference Example 4 except that neither fixing devlce nor ring
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Further, the repeating pressurization test was
conducted by using this sample under the same conditions as in
Reference Example 4. In the 3,407th test, the apparatus for
10 repeating pressurization was stopped owing to abnormal £low quantity
in the pressurizing pump. When the potting portion of this sample
was checked, circular arc-shaped crack was observed inside of the
outer peripheral of the potting portion by 8 mm, which caused leakage.
Therefore, the evaluation was stopped.
15
Comparative Example 1
A hollow fiber membrane cartridge was prepared and
repeating pressurization by ozone water was conducted under the same
conditions as in Example 1 except that none of the ring, fixing device
20 and rib was arranged.
When ﬁfessurizatian was repeated 10,000 tilmes, the
observation of the potting portion showed that crack in the potting

portion already occurred and ailr leakage check showed occurrence
of leakage.

25
Comparative Example 2

A hollow fiber membrane cartridge was prepared and.
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5 observation of the potting portion showed that crack in the potting

portion already occurred and air leakage check showed occurrence

of leakage.

Industrial Applicability

10 The present invention can provi&e a module using a
flexible potting material in which the transformation of the potting
portion upon filtration operation is restrained. Particularly, the
present invention can provide a large scale hollow fiber membrane
module maintaining practical pressure resistance in which the

15 occurrence of the breakage of the hollow fiber membrane in the
interface of the potting portion was restrained without thickening
the potting portion. Further, the present invention also can
provide a module in which chemical resistance in the potting portion
is improved and damage of the membrane in the interface of the potting

20 portion is restrained. The present invention is useful in the field
of the water treatment such as treatment of tap water such as river
water, lakes and marshes water and underground water and removal
of turbidity from the secondary processing waste water, particularly

in the field of water treatment using an external pressure filtration

25 membrane module and ozone.
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flxed on the housing: and a rib or ring, at least one part of the
rib or ring being embedded in a potting portion fixing the end portion
of the hollow fiber membrane in the housing with a potting material
in the state where a hollow portion thereof is open, wherein the
10 potting material is a flexible material, the rib or ring is fixed
on an inner wall of the housing or integrally molded with an inner
wall of the housing, and the rib or ring is embedded in the potting
portion without directly contacting the hollow f£iber membrane.
2. The hollow fiber membrane module according to claim 1,
15 wherein a £111ing layer consisting of the pottingmaterial and having
a thickness of at least 1 mm exists between the rib or ring and the
hollow fiber membrane.
3. The hollow fiber membrane module according to claim 2,
wherein the thickness of the £illing layer is not less than 2 mm.
20 4. The hollow filber membrane module according to claim 1,
wherein a fixing device is arranged outside the end face of the
potting portion on the side of openings of the hollow fiber membrane
substantially without sealing the end of the openings.
5. The hollow f£iber membrane module according to claim 4,
25 whereln the fixing device comprises a frame portion and a partition
portion, and the cross-section of +the partition portion

perpendicular to the longitudinal direction of the hollow fiber
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cross ’ shape, lattice shape, radial shape, honeycomb shape and
combined shape of cross or radial shape and circular shape.

6. The hollow f£iber membrane module according to claim 4,

5 wherein a groove for an O-ring is arranged on the fixing device.

7. The hollow fiber membrane module according to claim 1,
wherein the ring is arranged in parallel to the end face of the potting
portion.

8. The hollow fiber membrane module according to claim 1,

10 whereln R-processing is applied to the external angle portion of
the ring.

9. The hollow fiber membrane module according to claim 1,
wherein the module is equipped with both the rib and the ring, and
the rib is fixed on the inner wall of the housing through the ring

15 and the rib is fixed directly on the inner wall of the ring or molded
integrally with the ring.

10. The hollow fiber membrane module according to any one
of claims 1 to 9, wherein the potting material has an JIS-A hardness
after curing of 25 to 90.

20 11. The hollow fiber membrane module according to any one
of claims 1 to 9, wherein the hollow fiber membrane is fixed on the
housing without directly contacting the inner wall of the housing
at the potting portion.

12. The hollow fiber membrane module according to claim 11,

25 wherein a £111ing layer consisting of the potting material and having

a thickness of at least 1 mm exists between the inner wall of the

housing and the hollow fiber membrane in the potting portion.
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bundle by using the hollow fiber membrane module according to any

5 one of claims 1 to 9.



