% e3eL(6MT! DESCRIPTION 5 Technical field The present invention relates to

a hollow fi nodul e used in the field of water treatnent for tap
vaater suchl m"m"m ” er, Iakes and mgrshes water, underground water, and
erflow se dary atment waste water; sea water; water for 10

|ndustr| al use %?ocess wat er or the like. Mire specifically, the present
invention relates to a hollow fiber nmenbrane nodule in which a potting

mat erial for bonding and fixi ng hoPESSRIPIEON nenbranes in a fluid tight
manner to a nodul e housing conprises a flexible material. 15 Background art
A hol | ﬂmmmﬁmmummmr ane rmdul e has been widely used, for instance) for
menbr a treatnents in the production process of various

i ndustri al »qage@eluct s such agOLIOW Ireg BEROMEMBRANE RODULE Ul t rapura water for
washi ng sem conductors or pyrogen fre a water; in a closed process wherein
el ectrodeposition paints are coll ected; enzyne condensation; bacteria
renmoval in fernmentation |iquid; and renoval of turbidity frompure water,
wast e Bat etechinitht fiéal Anong the above, in the water treatnment field such
as treatnents for tap 25 water and waste water, a larger scale hollow fiber
menbr ane nodul eThapresaenihyeniden mdanadad 4 bolldufbdimenbrankemoduleost S.
Heretofore, in the hollow fiber nmenbrane nodul es as descri bed 2 above,
epoxy resiusedasnbties fiixdd af watEat tragtmedterfoal taprwdierdisngh amg fiiweirng

hol | ow fi ber nmenbranes and a nodul e housi ng. However, there has been a

pr obl em t hattelri, ghakesstndc mhysids wateep oxrydergsionnd awstese ,casyl mdatige of t he
hol | ow fi ber nmenbranes at the bonding 5 interface with the epoxy resin.
Ther ef or e,watles ; t ecivondaey otreaneartt ivaptier ostage ofeat haatleal;: | omatkbrbefor
menbrane around the interface by filling the bonding interface between
epoxy 1pesiindustrhal lvee: fpiveesserdieanes: whe [HlkieexiMire speaifd calith, ahe
silicone rubber has been adopted. However, this process has the drawback in
t hat 10 t Imreisentiinyegtdpniredates fe abollevw Elibenmenbramsnbdnleg inwhicher i or

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 filltration treatments in the production
process of various industrial products such as in the production
20 of ultrapure water for washing semiconductors or pyrogen free water;
in a closed process wherein electrodeposition paints are collected;
enzyme condensation; bacteria removal in fermentation liquild; and
" removal of turbldity from pure water, waste water or the l1like. Among
the above, in the water treatment fj.eld 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



‘econom cal efficiency. On the other hand, the use of urethane resin as a
potting material has been recently proposed (e.g. JP-A-7-47239 and
-JP-A-7-148421). For exanple, JP-A-7-47239 discloses that urethane resin
prepared by curing prepolynmers having an i socyanate 15 end group obtai ned
from di phenyl nethane diisocyanate and pol yoxy tetramethyl ene glycol (
hereinafter referred to as PTM5) and a curing agent conprising PTMG and
cast or oi |abgvedeeRaxt reeipdiafobeen Usgdtd¥ 2oPPthiRg Rakegiwy £oF deondfder at ur e
in the rubber ion of nore than 100 C and a storage nodul us of the |evel
of 10" N mRGaAx 0 AIoldRm2D11eT BT FERA=: A8 RGBS LODE AR HE by HUHRT - hi s
urethane resin as a potting nmaterial can stand continuous filtration of hot
wat er of dheceyRBRrPeptief PEPRHT Aihasr Bigh el ast1giby M theoep /¥E) TN 6
nmont hs wi t hout | eakage. However, the urethane resin constructed as the
above can 9f¥EgPyeosy haeakoge s‘tfoFQth‘?ﬂﬂd’H’l GiPeF MEORTRPGD By TherRenddddy
result, there are problens, in that potting portion considerably transforns
by difPer eiittesfaseuidthndbe o SPI¥E &581iTy og’éﬁF%f%f?en the jtedddgued ofor 3
a hollow fiber nenbrane nodul e having a | arge dianeter. Furthernore,

JP- A- 7- 14@PFPYeRt4RY o DESakAGe t Eéhmh&ug‘qléf’wr eﬁitP&rng“qm?EaPParﬁPHPﬁat‘il@n of
potting portions by using a unit filtration elenment conprising a hollow
fiber nenﬂr’%‘éﬁéfﬂﬁﬂchyefﬁalgﬁ%q &hppnding Intanfaserhriyses %?‘BEYeEPFHg and
cylindrical tube and a beam having a |length extending fromthe paotting
portion athddevehibest mepRranesswiidtEiexitl® Pl errh@spitioBReguliar ot her

end of the case housin % However, this nodul e construction has, the probl ens

of a corrpl RERAGFAA] g HEYeEs —UHF REGReeddias fihe Jrawbsek: in thet
mat eri_al 8 ng the n|t fl|t<ﬁ‘gl elerrent angd. t he begg%ﬁ terial
and oft? the%&rg gﬁsfgcﬁp etr?DPFn‘éml 8G9 o sy r@?FTO i%cl oses,
as a neans for Erei{ r}tfl ng transfort n Off[ﬂd;]e otti n% ‘é)ér ‘%?ﬁ%g‘i
i npr ovi ng YFA"EBT-FR f ac ?‘b°5f1 xga eIryh ° PRAST WY ng in
the state of bei n 9! the nﬁ gortelcg 5 |§ go_yu al so
(i Sl ooes T RiliR) PO RAREAGL TS PR EOCRbIAY, REPROTRd e gy dReb T 11 TA%% by
and JP-A-7-148421). For example, JP-A-7-47239 discloses that
urethane resin prepared by curing prepolymers having an isocyanate
15 end group obtained from diphenyl methane diisocyanate and polyoxy
tetramethylene glycol (hereinafter referred to as PTMG) and a curing
agent comprising PTMG and castor oll 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 obtalned by using this urethane resin as a
potting material can stand continuous filtration of hot water of
90 °C under a differential pressure of 0.2 MPa (200 KPa) for 6 months
wlthout 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 1s adopted for



‘'screwing and integral nolding as a neans for fixing rib directly to a

housi ng. Moreover, the technol ogy for preventing danage of potting portion
-or inproving the seal property is also gisclosed 20 in JP-A-63-171606,

JP- A- 6- 296834 and JP-A-il-300173. Disclosure of the Invention The present
invention ains at providing a hollow fiber nmenbrane nodul e which can

mai ntain a practical pressure resistance. 25 Further, the present invention

al so ai ns &aMo3Leyi BLPRF MerRrgRe S enbBRVLH 13 H&rIfeid Trodul e whi ch can
maintain a practical pressure resistance and is capabl e of reducin
breakage 4 of FotHFRorehertBrdniir 4AR42ht diREIPFA%r thR e WWCRPAEUB Ot
portion w thout thickening the ottugg portion. Moreover, the pre sent
i nvent i on Z2aRGiagnEheat tTIRREGFPAEL R rdhiRatEY e f PR 9FSt PY nYSHRT t3 dlith t he
hol I ow fi ber. menbrane nodul e 5 havi ng ozone_resistance such as a hal | ow
fiber menthidiEatdan S168PRY SOPRTITIY it BPILIY cHIRRT SPHRPRANS ¥ %sin or
the like. The present inventors have nmade extensive research to achieve the
above- Rent¥itad168; £t% HN4IrRANG3El PHOtRTInS CERRAT R IpFBRe ARd 2
invention. 10 Nanely, the present_jnvention relates to a hollow fi ber
menbr ane rRAAN BA¥LRGH A Lp exb et N EGSP ea PREFHRAPPFBE?® REnBREEDundl e
conprising a Rlurality of hollow fiber nenbranes, at |east one end portion
of the burffi &PBeFaRP FPREYD Y RS RATSIRE; PACR #F 506y OF ey en&t oF one
part of the sib or, ring being e dded in a 15 pottin ortion fixing a
ol | ow endSat BPORLE - L HOVRURT oRRES RSB BPRRa G LR o FaP B 9P
potting material ipn the state ere a hollo rtion thereof is open,
Bherei o { (R porPPREC kISP EFELIS BEARPRR b PRePaPo s PoPRl=8 oF TS i s
fixed_gn an .inne |1 _of_ the housing .or_jntegrally nolded wih an inner
wa o dB s RRSE B8 s aar P BPE ek S T RELER BT Rt b A
portion wthout direct| ontacting the_holl ow.fibetr. nenbrane. reover,
Phe proseteiaiatt PR o R RESEE e dRrerRaT aioss SPEET HATREA AR et hod
conpri st ng Suppkglng7?1éégg\M%£§El%gggl as a means for preventing

transformation of the potting portion and improving durability, a

rib fixed directly to the inner wall of housing in the state of being

15 embedded in the potting portion. This document also discloses

fixing by welding, fixing by combination of notches, fixing by

screwing and integral molding as a means for fixing rib directly

to a housing. Moreover, the technology for preventing damage of

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 fiber membr ane
module which can maintain a practilcal pressure resistance.
25 Further, the present ilinvention also alms at providing a
large-scale hollow fiber membrane module which can maintain a

practlical pressure resistance and is capable of reducing breakage



‘an outer surface side of a hollow fiber nenbrane bundle and collecting 25 a
penetration water fromthe i nner surface side of the bundle by using the
-above-nenti oned hol |l ow fi ber nmenbrane npdul e. 5 Brief Description of the
Drawings Fig. 1 is a |longitudinal sectional view show ng an exanple of the
hol | ow fi ber nmenbrane nodul e of the present invention; Fig. 2 is a
sectional view showi ng an exanple of the rib used 5 in the present,

i nvent i on;°FPglleviiberspenhraias ot thes HBNPRERSH °§x5%l%’t§flgﬁh%°lﬁlb’rhsed in
the present, invention; Fig. 4 is a sectional view show ng an exanple of the
rib used i“f'iltthﬁé?tppé%@?ﬁnjin%véh'?i%‘?ﬁtjf@ PPEti®Ri s a sectional view showing an
exanple of the rib used in the present invention; Fig. 6 is a sectional

vi ew showi ng an @F&ﬁﬁ?ﬁ'oﬁh?h@rgfﬁnﬁséﬂv?’htjt% ™ RentPRrV By, 7 s

a perspectjve_view show ng an exanple of the rib 15 fixed on the |nner wall
of "the holiSRpLEY CX SRGTERe i NG HIGLORAD: T §oL Y Z1hew BehEsna Modus

S R Lot e B b SR b LA o
Present ek S8 b Poest A S e ROURD gt ol e
showi ng an exa Iéa of the fixip%rpdgvi ce | sed .in tiheﬁpresenltTl i nvention; Fig.
12 is a section _Pfgﬁfgﬁéﬁ’ﬁ@ At 8% _eoe}"tteﬁé VEX976228 FOREE Y Eed in
e P oot NG e e, Shlahed SRR iSO A T ©F
present invention.
10 Namely, the present invention 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 portion fixing a hollow end portion of the hollow fiber
membrane in the housing with a potting material in the state where
a hollow portion thereof 1s open, wherein the potting material i1s
a flexible material, the rib or ripg i1s fixed on an inner wall of
the housing or integrally molded with an inner wall of the housing,
20 and the rib or ring i1s 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.



Fig. 14 is a sectional view show ng an exanple of the fixing device used in
the present invention; Fig. 15 is a sectional view show ng an exanpl e of
.the fixing device used in the present isnvention; 5 Fig. 16 (a) is a
sectional view show ng an exanple of the fixing device applied by
R-processing; Fig. 16 (b) is the A-A sectional view of Fig. 16 (a); Fig.
17 is a perspective view showi nhg an exanple of the fixing device used in

t he presefrigfyReteriptiop ef gthe PxawiRgBer spective vi ew showi ng an exanpl e
of the fixing device used in the present invention; Fig. 19 is a
perspective vi enFs%ovli A§ anoPgiiprtnak serbirprbgilsl FRPHINGaBfexaMP1gnd
fixing device used in the present invention; 15 Fig. 20 is a perspective
vi ew showi9fgtha Rokify £18primembnansegmafule) qf ﬁﬁ'eoPrE%‘?P"aﬁd'VFPgiL%’ devi ce
used in the present invention. Fig. 21 is a perspective view show ng an
exanpl e of the iRAt®grals ﬁ’u?‘%ﬁtr‘kj’nég ey sherimoen§xaenie ef i tih

present 20 invention; Fig. 22 is a perspective view show ng an exanpl e of
the i nPegri® the| BF$RFYF 1BVEPEHYY with holes for bolts and a fixing device
used in the present invention; Fig. 23 is a schematic_sectional view

showi ng an exanpfi9of D% FREGI0RAE VEa™ sRAWIRGRR P BPLR 9 TRAIGER YS¥9whi ch
one ring and an inner wall of housing are nolded integrally; Fig. 24 is a

schemat i ¢ FetPPoREPSSAe W ¥RBEIRY an exanpl e of 7 the inner wall of
housi ng of the mpdal a in which two ri ng s and an inner wall of_ the_housing

are nol ded i nt egFaft ¢ 1FAgsedtgonal view,gheiing R exrERLe ofi B SHBWMSSG an

exanpl e of bonding jig used for centrifugal casting of the potting portion
on 5 the o‘ﬁ’eﬁp‘ﬁgpg?%@gcofmf’ﬁﬂtﬁ?ﬂ’l ow portion of the hollow fiber; Fig. 26 is

h ic i i vi ew .show n n ex I f
a sc rlroat c1s Se%&g?%a:l.s a gectsio(r)l \gj.e%v sl?ow r‘l[Pg gn %mmple of the rib used

in the present invention:;
Fig. 6 is a sectional view showing an example of the rib used
in the present invention;
Fig. 7 1s 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 sectlonal view showing an example of the fixing
device used in the present invention;
Fig. 9 is a sectional view showing an example of the fixing
device used in the present invention;
20 Fig. 10 is a sectional view showing an example of the fixing
device used in the present invention;
Fig. 11 is a sectional view gshowing an example of the f£ixing
device used in the present invention;
Flg. 12 1s a sectional view showing an example of the fixing
25 device used in the present invention:;
Flg. 13 is a sectional view showing an example of the fixing

device used in the present invention;



bonding jig used for centrifugal casting of the potting portion on the
sealing side of the hollow portion of the hollow fiber; Fig. 27 is a
-schematic sectional view showing an exgnple of 10 tube-shaped tool for
produci ng openi ngs for supplying raw water on the sealing side of the

hol I ow 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 is a secFignadi4 ¥ &perbhandd T shesipaneianls of the §ixifge and
fixing device used in Reference Exanple 2; Fig. 30 is a sectional view
showi ng t HeVilReeyfed Holtdengresent dAyenthel+i xi ng devi ce used in Reference
Exanple 3; Fig. 31 is a schematic sectional view show ng the_ apparatus used
in Exanpl es 1 an81g: s Roseriylongd view, shening @pcexmpleonh the; g’v?fié'ﬁ’ovm ng
the apparatus used in Exanple 3. Best Mdde for Carrying Qut the Invention
Fig. 1 is 9¢vdcrelsed dnith® BR®FEHy 18¥eBXLM e of the hol l ow 25 fi ber
menbrane nodul e (herejinafter sinply referred to as nodule) of the present

i nvent Pon. As sh8H8- i} Hiad. 1%, 2 (3REtHOPROW 5" SPOWLRY r3h SXFERLL P o Nehe
present invention conprises a nodul e housin 8 1, a hollow fiber menbrane
bundl e corﬁi"iigﬁnﬂe‘éi";g)lﬂpﬁliif*? BY Fiomr5RAe1BEY nenbranes 2, and a rib 3
and/or a ring 4, wherein either or bhoth of the open hgll ow and rtions of
the hol l ow fi ber FA8notan@®bdfdFRe iRy éeFF;(%’anoﬁPitel’I’e° Eljcﬁ‘e%oég?i’ng 1 by a
potting material _5 5. Fi%. 1 shows an exanpl e of the no ulg i.n ich a
fixing device 8 FoPddd +heP§raPPStive Hey Rpving eng#eaaﬁ%a néh
Oring 9 and fixed by, screwing c nuts. (not shown in Fig. 1) on the

out si de (AfYdFesPERy Bt ?Wepﬁgﬂelﬁg&é“@f‘tiﬂ%’ potting portion 6 where the

hol | ti f the holl fib i . 10.Th d h i
RS LK CTRA A e RN I RN
ti . I h terial_qf h i i ncl ud I | ,
porLL O RS S) I thagle ShlRlghRe el udes ol ysulfone,
| yvi nyl chlori inylid fl i | vt etrafl r oet h , 15
pol iyl e or) ey pobiiryldanecliver o) aoluis! ! Ligkeet i i

et hyl ene-tet.rafl uoro | ene copol r.esin,
tetrafl uorjgnetteﬁﬂagng? Eég%? I %%r%?}?oagrg eniex j% po eyrjfg? Ilgg? n,in pI(:)Il?/c%Ir.%soerIla e,
pol yet her k¢ €85, Pol yphenyl ene ether, pol yphenyl ene sul fide, and polymer

n
conposi ti ons e?‘ﬁer ebf 20 incorporating glass fiber, carbon fiber, silica

fi wder , fi | ' t al
such 335t al ni o8t cdl. B el il A W b El 4 R
. . . . : . : Kabl
cifoct s vhioeret, BoEBLAS Pop! E5F Mnd WEHALURAEL Bl L B Bed IR Lo
80 to 400 {PPenthBna thickness of the housing is not limted and can be

sel ected appropriately according to the used water pressure of the nodul e.
9 Flig. 21 1s a perspective view showing an example of the

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

Flg. 22 1s a perspective view showling an example of the
integral molding of a flange with holes for bolts and a fixd ng device
used in the present invention;

Fig. 23 is a schemat ic 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



“The present inventi on conprises a rib 3 and/or a ring 4 enbedded in the
potting portion 6 as shown in Fig. 1 in order to restrain transformation of
.the potting portion 6 or maintain durability. 5 The rib preferably has a
cross-section perpendicular to the longitudinal direction of the hollow

fi ber menbrane nodule in a shape selected fromthe group consisting of a
cross shape, a lattice shape, a radial shape and a conbi ned shape_of cross
shape, radihf 18Rapevaldd ofi RuAiag shathe agduhewih WRiphgiWo Fipgseand &R t he

vi ew point of 10 uniform support of the_potting portion and uniform

i nstal | at iigWmedt wahd ol thewhPRsthd At mehded WiateeFald%usi ng an unnecessary
decrease in the nunber of hollow fiber nenbranes installed. The rib or ring
i s enbedded in tEd9pctt 1P} SpBERROE FRREHRPIhELEN PRI AR SFaPREE IRl | ow
fiber menbranes with a potting material 15 in the state where a holl ow
portion t ARG $ipperdfansartatiusal gasaetithe PAELIRT PORFLPB AR
menbranes fromthe viewpoint of durability of the potting portion. The term
"errbedaed"thr?ePé’ieﬁiPﬂcﬂ\tlﬁeé’fatE%stépW?é’r B°5\Flé°%r°ﬁ/m?ehﬁh+‘tw FiPeRE rib or
ring is enbedded in the potting portion. It is preferred that the whol e
part of the 20 rFB9or2% tff SSNERFISGEhOR e VIBYTHRY1pEr 2R SFFaPRI®Afer to

i nhibit danmage' of the cutting device _caused by the rib when the end
portion ofPAENgol1HNSPALERT RERBYLENIFLsCREEIRG 05 e PREIRT PORLEHBR 190N
thereof or to inhibit the breakage of the hollow fiber_nenbrane caused by
hor | zont al thA BPRLABR B8 107 EBP | TR 14D EPT RS Eeghot 1o fiher2s
filtration operatjon. Accessories can be o tionallgl attached to ihe rib or
ring according t&38sadk 18P FCPRBRLHT 8eChImRbk VISF (Sh Py eHg B 1 Atful e can
be arranged.in the center_of the rjb. 10 The rib or ring is enbedded in
Che pdPt | rPISAPPBRE ORI BFPRETITH CBROSRTT 4G~ NPT PBVFeT BEFSRfor ane.

e Dot L onshed B SBrer i e B SR BheFEoh ARG, Rbp gl v b
xhi bi U extremsiFSr AEAROt SBUFAMI ) 1 SF o ADLR ERLPOTHY PPRERERGFe. & he
or asent | VERROA AnEF g SRORGTE AN N erTI9 BUETRE & ring { a modul e
having a ring bUtFirg}(.)tzéa irsié)’segg:lc.imaal view showing the integral molding of
15 flange and fixing device used in Reference Example 2;
Fig. 30 is a sectional view showing the integral molding of
flange and fixing device used in Reference Example 3;
Fig. 31 is a schematic sectional view showlng the apparatus
used in Examples 1 and 2; and

20 Fig. 32 is a schematic sectional view showing the apparatus

used in Example 3.

Best Mode for Carrying Out the Invention
Fig. 1 1s a schematlic view showing an example of 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 inventlon comprises a modul e housing



210 nodul e having both a rib and a ring. In the case of a nodul e having both
aring and arib, it is not necessary that both rib and ring are enbedded
W thout directly contacting the holl owgfiber nenbranes , and it is
sufficient enough that either of rib and ring is enbedded without directly
contacting the hollow fiber menbranes. It is 15 preferred that both rib and
ring are enbedded without directly contacting the hollow fiber nenbranes
from the vioRpethovof Lot APESRS PLpade QIETAELES FUPHBFEGH, ARG t he
di stance between the rib or ring and the hollow fiber menbrane is. not
linmted, tHdeH RERRFARASs 2an2ed |asere? &Py 2Fipgnfh diharsie edbper or
preferably 1. 5 mMmor nore, and yet nore preferably 2 mmor nore. The

maxi mum dikatined thepeBrheldew PBd(ﬁm?tliﬁ@Saﬂ%l tthl?eh‘é?-%%‘\ésftlbﬁ’él PP TS r
menbrane to the rib or n referably 10 mm or |ess nore preferably 5
nm or | eaPundds tHEARA 5\%6‘%&“ shesieditien JornEng InBEra FotidPIMR FeHAL
menbranes installed in the nodule. The 25 di stance between the rib or ring
and thé clPsektIhdi FBAVS iafepXampdst Qfcthe Moduleiip yhich R fixipgdefia®y 1 to
10 mm nore preferably 1.5 to 10 nm even nore preferably 2 to 10 mn and
nost pref & Agfed integnally with |3 cpp Z)r%’f Tea9eh Jthroushy A ng-¥iRe®
consisting of the_potting material an havi n t hi ckness of at |least 1 nm
o T Db ERROH BT, PEFOFNG FEP oL O SHPER P BLF - raroh e Hidne s

vi ewpoi nt of the durablllty of the potting material, though a |aye

Cons! st i ng PG AR RE Ehe &rd SagR 91 £he REF BT REBHLATLP "RRES ey

mai ntai ning a certain distance_or nore, The thickness of the filli ng | ayer

is preferdl nfipngofthe hodlow fiher Sembrate|if PP%Rvor nore. Al t hough the

e praferanly 10 MPoRELe Monafes AhBterier ¢ SoNnTOPeracet A bartadse

odul o ”%%%ei??&%%?%rthggﬁﬁ“c s Eha pPhﬁﬂrJ I%e%gtg‘f’l?;’éﬁ:?ﬁ?@v it % 1 o

rlrgstmn]_Srrg;“g‘?@ gsﬁ c%l tlao%s%ﬁg[% :}nclmes po ysuﬁ.goger ef erf Lyher suftoone, and
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 lnvention particularly shows remarkable
effects when the housing has a largé 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.



‘Exanpl es of neans fo r preventing the di rect contact of the rib or ring
and the hollow fiber nenbrane include (a) a nethod in which hollow fiber
menbr anes are bonded and fixed to eachgother by the sanme nmaterial as the
potting material in advance and then the 20 bonded and fi xed holl ow fi ber
menbr $ne bundle is installed and set in the housing having a rib and/or
ring fixed thereon, (b) a nethod in which a rib and/or ring is pre-coats d
with the sane nat T8¢ BFegent HEVisati PRECIRRTEERE| 2 pFior3 @3/ RSt A1 Ting 4t he

hol I ow fi ber nmenmbrane bundle in the housin g, c. ) a nethod in_which

hol | ow fi IREAPEEREr 1O POLELNG RAATANLY &8F ShOYDshR e + dJofP cBRPRT $ing t he
same material as the potting material and then installed and sef in a

housi ng ha‘iﬁ%a&nritﬁagﬁﬁ?ma Mg 5 NP (PRYETY, RATHIRE |6 ¥ maintafn,
method for_fixing the rib on the inner wall of the housing is not

parti cul arq‘&FaibliﬂrgF%d. For instance, the rib may be either fixed directly on
the inner wall of the housing by wel di n%, conbi nati on of notches or

screwi Ag, or nol d&dS MRBFeferpRLyihas f Y888 iRt perhenddgulardedde Fig. 7
shows an example of the case of fixing the rib 3 and the_inner wall of the
housi ng 1 W@GHB?‘H%% AdReotiqmhet ﬁBPé‘ﬁg%”lf.ib%éE mEFBLARS MORRLe 13 2 ghaPS i p 3
may be fixed on the inner wall of tha housing 1 through the ring 4 as
descri bed feGkedEFomihe gmup coplatingpga Sg'°§FtSI]?€Pef i HC2PeEhIRR 'on t he
inner wall 10 of the ring_or nolded . infegrally with the ring., The rib may
be fixed cﬁrr&‘?gF% %’ha%é‘%ldnﬁ SRS PR LT PRGBSI & ,iﬁbn%far?&i on of
not ches or_screw ng. reover, .the ri the_ rin nd the inner wall of the
ousi ng. Bt ELREN L TRPEGRA TP Ak ddo2 st fo EPE THe yARTPRIRS S,
preferred t the ring apd.the housin e nolded 15 intearglly and then
Phe. pr2Scoimpep! Gedeoth BEchng)Sot it Bor %, Foa sithebim i att e Bom ¢ ne
vi ewpoi nt qf reducti in the nunber..of . part and easiness O re-coating
of “the 1 s ASEEGLIE ek drembraRig diieshr et pr e SRR g have

ring instegd of ar dooether win Lo gyecrEntignediLib. The ring has a
functi on of sUppoOrting the potting portion transftorm ng upon filtration

or back wash and anfunglion of,d S%&Lg&ééé‘qnsﬁfea%%@g ﬁ{;r Cxt1880 4416 g the
potting portion, speci ?I c%lnfy B Re-boundar y face oi!‘ He 5 nner
the end portion of the hollow £fiber membr anes with a potting material
15 in the state where a hollow portion thereof is open without directly
contacting the hollow fiber memhranes £from the viliewpoint 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 is cut to open the hollow portion thereof,
or to inhibit the breakage of the hollow fiber membrane caused by
horizontal vibration of the hollow fiber 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.



wal | of the housing and the potting portion. By arranging the ring, the
nodul e of the present invention can have a potting portion 25 structure
-exhi biting higher durability. Although;g he nmethod for fixing the ring on
the inner wall of the housing is not particularly limted, the ring is
preferably 13 fixed directly on the inner wall- of the housing by

wel di ng, conbi nation of notches, screwing, pinning or the like, or is

mol ded i nt egr al | y ThetFitk RE Tiigeis ppbedde t#ﬁ’e“ﬁ%t?é’%ﬁé‘.‘glﬁ"rltéoﬁr‘é‘ffé}oﬁ%d t hat
one or two rings are arranged per 5 potting portion fromthe viewpoint of
keepi ng tﬁ’érﬁﬁgﬂ’ Fons8rting the @P&lPngI’rP?rﬂ?@%FPH& i SRBRAt R RPTAiPRNged so
that its ring-shaped base or upper face is parallel to _the end face of the
potting pSPeHEA RetnArRigpLfrsilmtanre ratd SARLART gevetatPobhrehodileWpocket s
upon casting and nmi ntaining the function of sugporti ng the potting 10
portion. FHPesRegbranes o ko i-prP BrteRLAL phghp PO tdRE PO OB W&t ed t 0
R- processin gﬁrocessi nq for roundi n% the corner) fromthe viewoint of

di stribBut i“ﬁg‘i Es 33EiCigph) shamisl heshtanaey 1ot tRafF FRTPNRONA SRty of
the ring. ExanEI es g(scherrati ¢ 15 longitudinal sectional views) of the inner
wal | of t FEPABEET nGXSFePREY nbBEfEL M Shrat ddrad® i it &§121 K1 therm-

R- processed ri ng are shown in Fi Igs. 23 and 24. Herein, the R-value é_radi us
of roundi TGeESFAES) Hie Eih fFesdifdyshppld APt SAtacExERe Beliaty IEdP85r ti on

of the ri I’[rlr% '&)s grgggeagk}é 291' to 80 (;{9 mre%efer%gd\é 42 tg 60 % of 20 the
wi dth of (TEPHPOP &CHHo6 ™ot t'he B7S7§ _{t(jr’h‘ffé’r Pt gt R Y8 @G nner
craneter of ARSI 42 O Lis. 1 QURGLOL, oL SSRUE A e, el et s o
0 o o0 V% 5o SRR FR WY e b a9 shoun
LoE G 2RO oS 0 R0 8 REA0 HET
pref er abl %r%rerrr?b%%%%d%}it%gﬁ%ldirectly contacting the hollow fiber membranes,
and 1t 1s sufficient enough that either of rib and ring 1s embedded
without directly contacting the hollow fiber membranes. It i1s
15 preferred that both rib and ring are embedded without directly
contacting the hollow fiber membranes from the viewpoint of the
durability of the potting portion.
Although the distance betweén the rib or ring and the hollow
fiber membrane is not limited, the minimum distance is preferably
20 1 mm or more, more preferably 1.5 mm ox 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



intervals as shown in Fig. 24. Although Fig. 24 shows an exanple in which
the two rin gs have the sane th ickness , the thickness nay be different
-The re lation that (al ) _ (a3 ) %2;{s preferably fulfilled 5in Fig.
23 , and the relation that ( bl ) _ ( b3 ) x 3 is preferably fulfilled in
Fig. 24. Herein, a3 and b3 each represents a distance fromthe outer end
face of the potting portion to the center of the ring in the thickness
di rection)toa®d™@ and bl each represents an entire thickness of the potting
portion. As to the relation between the 10 inner dianeter of the ring and
that of the housi g ish@refertehithate a FAdLing alasesr copsisbinb e fdet o t hat
of the ring, i.e., the value of d2/dl in Fig. 23 and the-value of e2/el in
Fig. 24, Potyipgepakpiial gudikavings af EReknessy PEwpbi Hasdf 1dm8t s Pdidng
stress and securing the nunber of hollow fiber menbranes installed. 15
Vor eover , Ret@eet the FHr Rhdsiidorndnhe hgllai Gibers ERBIRRR KA 16T ¢ he
ring in the case of arrangi ng a rin% i n one ﬁ{g?ce (a2 in Fig. 23) and a
total Phi MiewPeipF afhEhe j[dygabihithelddeerott AL TR i U atl@yeR aces
(b2x2 in Fig. 24), is preferably 15 to 75 % of the thickness of the potting
portion froRsdREing Qfpsrher satetbpbt CrRgl YD tharehritieachgt Yo thedigage
distributing stress. In the hollow fiber nenbrane nodul e of the present
i nvent i on,°fadadpsatning | gertain (diatapees @F (are-hathsy tﬁiﬁ?‘ﬁﬁs‘ﬂe‘?ﬁp ddes js
arranged outside the end face of the potting portion 6 on the si de of the
hol I ow fi e 1ABFplaYRr st AT 8HeTAHY Tow PBrdE SRT8n Rt PTEFRTaRiY o™ 25
closing the end of the ogeni ngs of the hollow fiber nenbrane fromthe
vi ewpoi nt Gt MPEE: r HHRYIRnERG MERdPYP Eridmese PhetModtithdRBot Y 18
Particularly, the reparkahle effects are achi eyed 15 arrangi ng the
£t ndd dovidth Ra BLRBLERUE miEefol Loult | BERTaRaRTe Lholn Py Lete cdittey
external pressure fi_ltration, in which raw water is supplied fromthe
out er surf%ge(ﬂagﬂ'ﬁes M8 PHW S EF OTeThst YHEW R Y OF t P&T j\ﬁe?tégepré'ﬂ‘gietrat es

e _thereof essure

d the j ' ) |
o BPSieR 6 apmFatet Siftandonln WncheShi ndhFotfifnar
t t t t
suppiving i Re I SE e Bng PR 100 o8 weoligfay BTN ol B,
ol ow 11 S ERERBFA A 1000k HHS ¥er B%e ke rsPabe i ioh P S MERGn of

back \.AL@Sh prsef\é%raﬁly 2 to 5 mm.

Examples of means for preventing the direct contact of the
rib or ring and the hollow fiber membrane include (a) a method in
which hollow fiber membranes are bonded and fixed to each other by
the same material as the potting material in advance and then the

20 bonded and fixed hollow fiber membrane bundle is installed and set
in the housing having a rib and/or ring fixed thereon, (b) a method
in which a rib and/or ring is pre-coated with the same material as
the potting material prior to installing the hollow fiber membrane
bundle in the housing, (c) a method in which hollow fiber membranes

25 are bundled by a ring-shaped tool comprising the same material as
the potting material and then installed and set in a housing having

a rib and/or ring fixed thereon, or the like.



short conpared to the filtration duration in the actual operation.
Therefore, the stress applied to the potting portion al nost al ways bécones
.the stress at filtration, nanely, the gjress fromthe side where the holl ow
fi ber nmenbrane exists toward the outer end face 15 of the potting portion.
For this reason) nmeans for giving force against the transformation stress
in the direction toward the outer end face of the potting portion (fixing
devi ce) becones arfhemeddef\forfpisriagridie Fxer Ahailager Welt ofndrohorRingn of
the potting portion. The fixing device conprises a frame portion and a 20
partition ¥FoRetopartiealerly rkimigednat BT dastarceothectHy Mayr BARL e space
formed by a frane portion aid partition portions or through the space
forned by fged t3igechort P8ndhe Pmer; Hdilordfat tith RAUSIRG % t Ve i tion i s
restrained b)éthe_frarre portion and the partition portions. The fixing
devi ce is FRtbipRLieRPH ROEFRGR OTFFEREYIRG 28T IRMISS FRteFTaldyi BLER ithG t he
potti ng portion fromstripping off fromthe inner wall of the housing and
di stri But i¥pedt vatk ofpphe diPusdngne Fidt ¥ RP9YSr B8R FamPle F Jde €23% i9%n of
the frame portion 12 16 perpendicul ar. to the |ongitudinal direction of

t he hol | o ¥5358r th FdPah&nAuthA dnper radilepfdibg honsing { & SPmRIRA e CPand
that of the partition portion 13 perpendicular to the_|ongitudinal

di rection f HRenpbFIeSviti bdS FEABR R Fiddul e e FABf 2083 Pei 1287 9Bne of
cross 5 shape, lattice shape, radi al shape, honeyconb shape_and conbi ned
shape of ciisinRsT vath of thadinusing LthE ﬂ’rtg?lﬁbégésassﬂ% HRAHYOw. g to

15. The material of the fixi% devi ce isfpreferabl¥ a material difficult to

transfo_rmHth%?éiaﬁ&I' theeTiR MY B8 ASPRE faet (- regt it By Faf 1OBRT WAt i ng
ABS 1 i n-oiEhp G onit ik EFRem R P FR e aene o BrvR e
[ vort de, PRS2l PRGNS, of LU Re SRS RErbLHaLeal Y
RO IR R S R et T R et
oulTL0e, Bt S0 U el s bl ZhAF o bl L4 S 209,
fiber, si IIi)acrat:l.fciu gr gmgreerfer%gcribgﬂat the ring and the housing are molded
15 integrally and then the pre-coated rib is fixed by combination of
notches or screwing from 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 1nvention 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



20 fine powder or the like. F urther, they include netals such as stainless
steel, alumnumalloy and titanium The fixing device is preferably
-arranged substantially w thout closing;4he end portion of fihe openings of
the holl ow fi ber nenbrane. There are sonme cases where transformation of the
potting 25 portion causes the outer end face thereof to transform and
contact the fixing device. In this case, it is preferred that R-processing
i s appli edig6d KB TegELY N8P &Gl 036Ft iWsH Lofoft HdE | oYt rde R eVelding17 t he
part where contact with the outer end face of the potting portion nmay occur
in order t®MpiBaEHED ESrR%ﬂhe&tri%ﬁfedﬁinﬂhepiétﬁlégso%ﬁgéé&@y hHéstoddetor mati o
n of the potting po rtion in the vicini ty of the interface with the fixing
devi ce. BxXdatsosdlby wiidh ther innery widdi e€ éhe’arhé"@%ﬁm inFigs . 16 ( a ) and
16 ( b) . Fig . 16 b ) is an A-A sectional view of the fixing device
shown in Fig. 16(a&t 1&nareferreshdinasi geeofrt Hie JENGSoARP IFERRIRS) PESNt act
the outer end face of the potting portion of the hollow fiber nenbrane
nodul e3 ARSHEPI BRFHICR EFoMdResVIBYPANtaRGi kRPAIRG FR&iRAF tdRgiRFtign
substantially without closing the end of the openings of the hollow fiber
nenbr ane ifACHGdEINE - eSO 1D S BFRESKAHY 41e ngedisaythat 1 e 19hersdt er end
face of the potting portion through a plastic or netal net. This nethod is
nore pref S3S8PT HPPRL £age ist PaFrdindetr hBe f8nfadfob threrPadifd " RGP he pot
ting portion and the fixing 15 device divides the transformation re%i on of
the potti dFoPorbe| GIPHRstsihl ToFT T3 BARY FRPTEYLLROF 1 Ts BRSKETH iURC
transformati on of the potting portion. Wen the hollow fiber nenbrane

modul e i s S@5HHBE: 8Rd d'f'gje‘lztﬁl‘yix the PPPFPLIo% FEPPPFELRY ethfatRAttinge

fixi nq devi ce .can 20 be fixed on the cap joining the body of the holl ow
fiber frentREté°Rodul e and the connecting piping. Depending on the materials
of a cap and a f|>&; ngeg%w ce, the fixin dewqce can :Pe flxed o) cap by,

for exanple, a net R5d ( ﬁﬁPF%l AB9 It BOF The hEPe a2 d -’thr?SﬁtaE’ngevi ce
Rl AP ARCH AN M o ek
sandui chi g\t D5 lksLA0 HoH0ePYuENS 19D oRLel Dol Aok BRE SRIRGENS
portion in the vicinity of the ring. Examples (schematlc
15 longitudinal sectional views) of the inner wall of the housing of
the module which is molded 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 external angle portion of
the ring 1s preferably 20 to 80 %, more preferably 40 to 60 %, of
20 the width of the projection of the ring {(lnner 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. 1In the case of arranging two rings in the



‘18 (perspective views) of the fixing device sandw ched by the hollow fiber
menbr ane nodul e and the cap for use are shown in Figs . 17 and 18. On the
fixing device, a device for collectingyjhe filtered water can be arranged.
Exanpl es (perspective viec~s) 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 the cap can be equi pped with a connecting piping connecting an op
oration afedtdnds RFEiPRe WREerligg@s| g n@r%féiﬁag’éy RETSRERA iat mralel, a
means 15 for fixing on the connecting piping can be arranged on the cap. 10
When t he HalhegRatpbrs sheibr bhd idar 24t dgdtheughdtig-| 24 shrwe AR nkXaPliepped
with a tube sheet, a simlar fixing nethod to the above-nentioned fixing
met hod of ¥aybash e duepriBshavetthe samectiviaknesse the ithigkpess mayct i on
for fixi ng?on the tank tube sheet to the fixing device. One exanpl e of the
fixing deRe@Fkanans a %Mﬁm&ﬁm&r(adéu ﬁ@%f?éﬁg’é‘&fﬁﬁﬂbﬁ frHe e he
tank is shown in Fig hows an exa a _perspective vi evv) in
which & f13mBEInidsi ﬁgdﬁaetrqﬁtéenﬁaar@lt)ﬁéb?? ﬁ@ P&'éi‘/’PE%bﬁF Eukbtlded
integrally. Instead of the flan ge_as shown in Fig. 22 , other connect ing
means or Mﬁéﬂedzﬁneﬂﬁﬁ?li‘beaas%‘&i b3peagch ﬁamswﬁtuagdi%an%f@rh% gr oove
14 for Oring seal can be arranged on the fixing device. This groove nay be
used not oHEeT 8pd Gacengt tite BPgBi’fQ)P%Eé??rﬁ? ¢ srandies efidiheasing dduare
ring and ot her specific flat packin The_inner wall of the housin

pref er abl y %éQiﬁbPe%rﬂj&@Pt%ﬂt r?é’qgélll B0 1l &RCheRBPERRENFr BR19RAEE wel |
as the above nentioned rib o rlngf om vi ewpoi nt of retraini

consi der abfE-¥BEFERE ﬁhﬁl EHEH%IP FELPR¢ aﬁﬁet‘bfthte'nﬁebﬁﬂ‘?rhé’eﬁﬂ??’?dﬁ" The

di stance bet ween 19 the ipner wall of the hg__kgla ng and the hol | ow fi ber

menbr dfe i PG APUBHSF ffnﬁ'PSrrertﬁ &nd HBRe 9 &16r BBUFIPE. e nhR e R e |
e DT AR My TR ARLEEVEL el Shane betugen phe | nner
value of d2/dl in Fig. 23 and the value of e2/el in Filg. 24, is
preferably 1.05 to 1.33 from the viewpoint of distributing stress
and securing the number of hollow fiber membranes installed.
15 Moreover, the entire thickness of the ring, which is the thickness
of the ring in the case of arranging a ring in one place (a2 in Fig.
23) and a total thickness of the rings in the case of arranglng rings
in two places (b2x2 in Fig. 24), is preferably 15 to 75 % of the
thickness of the potting portion from the viewpoint of supporting
20 the potting portion and distributing stress.
In the hollow £fiber membrane module of the present invention,
as shown in Fig. 1, it is preferred that a fixing device 8 1s arranged
outside the end face of the potting portion 6 on the side of the
hollow fiber membrane with open hollow 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



‘5 inner wall of the housing is preferably 1 to 10 nm nore preferably 1.5
mmto 10 nm even nore preferably 1 to 5 mm nost preferably 2 to 5 mm The
-method for preventing the direct contagy of the inner wall of the housing
and the hollow fiber nenbrane is simlar to that for preventing the direct
contact of the rib or ring and the hollow 10 fi ber nmenbrane as nenti oned
above. Between the inner wall of the housing and the holl ow fi ber nenbrane,

a filling p@girgnthesfiixdn81d9ohas Ag e S8 oAnd hehowg AP ehinadvdes of 1

mmor nore is preferably arranged. The m ninumthi ckness of the filling
| ayer is rises g‘?%ﬁeraﬁ} d exterfady PReFRIT R HERA R e RL e EAWIRALPT2 nm 15
or nore. Although the maxi mumthickness of the filling layer is not

limted, tifesprPEigreézon §hﬁr%1¥f€rra51”§/fal‘€? Rfh B hetlov fiber ﬂ}eépéﬁ‘é‘bla?d‘:) nmm or
| ess fromthe vievap oint of securing the nunber of the hollow fiber
nmenbr anes fildratpevatar praekbrne tovRed, thr d ngert Fierfanec R8s sthgraafe
fiIIing | ayer is preferably 1 to 10 mm nore 20 preferably 1.5 to 10 mm
and even &hgr ety PresPreof fh Taigon - pPESFURS 5 2ARRS L dnfFomHdenot t i ng
material of the hollow fiber nenbrane nodul eeeﬁr ef erably has JI S-A hardness
after curitigeothesetheodof e ther, meRpornn Fistaqteyary the evtRe™8ati on
of the stress on the thin 25 filmportion foaned in the potti ng ortion and
i nhi bi ti nfaftegkdde RAtHRI PRTTIGR FRULFURRRGIRERY WatRE - | MEPPEER e t he
potting portion. Herein, JIS-A hardness is neasured b%_‘ Dur onet er hardness
test 20 RFEEFPIRNYS (PPHIER WY hildFater vt F5oRgthe) OHterkEp9 3296, Ofhe case
of a resin_of whic h hardness changes dependi ntg on neasurenent te]%)erat ure,
the har dned® PREFIRE BeT LML F¥RS the aldecipriraatlie dodiar £ 1hes PISILAN®Ss ysed.
5 As the potting material, aone or t liquid ' e thernosetting resins
havi ndOf | CRAER G et BEns S HECK 75Be Tl Urpk e a5 DRPE tiAs hyOF ity
mat eri al inclyde a uretha resj.n d a_silicone resin such as silicone
"obbr  and TRt EPRENCh o b AT LB O3S 4 O (ia) Fratieth oRE s T o
copol yrerizing rubber-1ike 10 _substance, .and Xy resin taq inpar
bt 11 iebeelR s bfadt aPHELAE RaCr L BoFREAY moFR ifh 'meBR dayens
silicone rubber i referre mthe vie i.nt,of qQzane resistange. The
hol | ow f i B&FRERD aeﬁé%ﬁ%%?nag %#&%%t ;‘)’r“és‘é'}HA?‘%antefﬁ) 35885 £ron théKide
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 transformatlion 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 inhibit ing the potting portion from stripping off from
the inner wall of the housing and distributing stress applied to

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



‘may be a hollow fiber menbrane cartridge supported by hanging in 15 either
a filtration tank of tank type filtration apparatus or outer case of rack
type filtration appar-atus. In this cage, the same material as the
above-nentioned nmaterial for the nodul e housing can be used as a materi al
for cartridge itself. As the hollow fiber nmenbrane, for instance, nenbranes
20 having a pore dianmeter in the range of a ultrafiltration nmenbrane

(her of naf (REFREBALPRARF (t9 ABSOEORGHOMMAG). B1X AFha (9% (thei BALHRAReE
(hereinafter referred to as M= menbrane) can be used. In the case of

ul trafilt MAPSALARAGdRels PHAERBARKE 1RaY I HFCHIPF AR ARE ddAILaPE i@Rght  of
3 ( 000 to 100, 000 Dalton_ig preferred. In the case of the 25

microfilt RAGGHIARBATHIED 43 ReMRCAMCHART ig healratddised dizsrftion of
0.001 to 1 Eun is_preferred. Herein, the average gore di aneter is nmeasured
by an air 99 B RetHo% f4PSE msrbgane madle ks Prefesably An ang ehe of 4108Shol | ow
fi ber menbrane preferably has a porosity of 30 to 90 % Herein, the

porosi Py iEhapg3. Ltatthcsy sPaBfy & ghage h HonsyePrh sthahenfnd neerbingdat ed
with water, a sinple volunme of_ the hollow fiber nmenbrane (a vol une

cal cul at eFHAPEPLTTPRAAT JRraHRt ShaPs A CEHHATBRAPAS FRAMR AR FHi9the

hol | ow fi ber nmenbrane) and a specific density of a polyner used. The

mat eri al ébﬁéﬁﬂPuting the hollow fiber nenbrane is not limted as |ong as
it can be used for_the above-nenti oned OF nenbrane or. M. nenberane. For

i nstance, the mat éredrateitadrohdnsr Hd AT HOLULR FEEEPFAPLE @ BHEFIRL et hyl

cel lul ose, cel.l ul ose acet at cellul ose diacetate and cell yl ose tri
acet at e; Fﬂﬂ?f&ﬁ?h%sggugﬁaﬁig z %NF%%?T“@#GPﬁﬁFBHFGVin§¥ Lit?’é’h(?lf i n;

hal vodha: drEern” SoBREEESIRG N1 iy BevidRI JUPATTY aBRbYP TSR
Fesin suciPoIdoBTE EREPhR o PBREPSoRY 150ey Ao RS R8P She PO LA PERY (o,
D Tt g T B0 oS POLYR AT RGN 25 PoRyELAGEn
o AL AR RSB8P VL AN B 50 LSRG
tetrafl uor oi%ﬁ(gy;ﬁ%q{eg_er f%‘#g)rl%le yhvinyl et h%\@gﬁggﬁé%/trr&rfaﬁ%;: %a%%l%ﬂen such

as polysufﬁo pol ye r=sul’f one: Vi nyl ol “resin; an i ke.

A h [ d fl ' i i nt

of ozdte riesrdyee | Rl 1 o deEhE Rt b BB ol AREP !
dul ; . . : e . it h

T e SBARER Sl SO U eSO LI R SAE BEETIN oS5 REAARGN { Nout

t hi ckeni ng e“potting po Dej a dranmete r "0
modul e, tr@tl{&duhglﬁﬂgnﬁﬂteéesyﬁif eggaggﬁgmaﬁ agﬁ'mq%gﬂe&m t he

potting portion has a thickness o 20 mm e net or produci ng

the hol | o 4Rk PPERGAHe TRAY! GndinldtarBE G3eREok MR b UL GREPEHeRDE f OF
instance, the foll'owmng 5 steps. A plurality of the hollTowfiber menbranes

produced by, dhpbFBRE]Yg 81as@ #9688 ¥alrBon iF18HE G 1RRAS & 198 ie 0 b dPoR0d,
wherein the thermally 'nduced phase separation nethod i ncludes exanpl es of

JP- A-3001-#226 Dowabe BrNehediAnd | PakehéLd irdyA 1R@YREEINEBY 1 Gt la@nge at
one side thereof. On the side where the hollow portion 10 of the holl ow

fiber nenbyaneiess stedle ap@Minbtmennel ana POrtan@amef the end portion is
seal ed in advance and then a bonding jig having a fixing portion
correspondi ng to thend |rARdAgaGe e e si Préfidrably hfraide@adstantidaycase
where screw processing is applied to V-band, cranp or housing, the holl ow
portion ofwitmuerdldany e eadf@saitasadkl bthanhentfys sk Bie holdpwEibe0 avoi d
| mak of resin. Moreover, on the side where the hollow portion is to be

seal ed andnembrianbet Thetredtfepbymegabasvwiere triahsEorn&t £or o002, pettalngr al i ty
of tube-shaped tools as shown in Fig. 27 are arrange d in parallel to the
hol | owsf i hesrtieRidaiRs Bhadureecemd@ade MHedebg td GrafissShavAandncdritct26 i S

the fixing device. 1In this case, it 1s preferred that R-processing

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



20 inserted and secured in the piping port ion to avoid |leakin g of the
resin. The above-nenti oned housi ng having bonding jigs arranged at both
.sides is rotated and liquid potting majerial is injected to both sides by
centrifugal force. In Figs. 25 and 26, nuneral 18 represents a resin
injection inlet. According to the kind of 25 the potting material used,

heating at about 40 to 80 Cis sonetines required. After a prescribed tinme
passes andhehRaotheFR)cRrRtaet Yith $he putgr Q“I%ef??ﬁ af ithe Pt EpgmRRITigRd t he
bonding jigs are detached. 23 On the side where the hollow portion is to

be open, t"¥ BERBEALRMFISEr EP RFqVensutonsentrasiani oh theufdressy usete |ike
to open the hollow portion of the hollow fiber nenbrane. Further, on the

si de wher @% kBe HS12RSROFB? §300N Of LheoP et 0GPt Laty in e Wi etnifty, of 1B8I yi ng
raw 5 water is to be open, the external %;(essure filtration type nmenbrane
nodul e of ¥HETHRES SN FRRALKERI ARKiLen- c ErAERILS Of| fuqheg fixlap davigse side,
can be produced by renovi nf; t ube- shaped tools as shown in Fig. 24. Although
t he nmodul &55f Sherd ppddas: ThlanerdA6éhh: bE18seP (PO +F 8RS -H oFeS-a@Y ed

i nternal pressure t%pe filtration nmethod or for so-called external pressure
type filtrétaWREnEthddxipg EitBesBemifaftdusitfalsed™d FheatPYeXsdef or t he
external pressure type filtration method_ in which raw water is supplied
from t he dif &PesiRAtdCBALiHEYIPaY FERRRFT SRenBHtsTaRBRd FATE RF e RRYHEMGat ed
water is 15 collected fromthe_inner surface siqgﬁi Further, the nodul e of
the preseROGHBNPF o IOLAY BIRAF SRBRFRRS B erance and can be

advant ageously used, faqr instance, far the filtratjon pethod in_the
presence of ozone, ARRFNEH PXUMPISPE Meang,fo¥ AGFaRIing the ftquégqu‘a’:&i on

net hoq in iTt{_ﬁ)e prgiegﬁxe gf ozong. %r? Ehnce ‘{uog’-%enet r%é%g; cgghagj‘ nt accumu
| at es Bn (HPSEAPEL2LEY FAEROLT Fao81 Y FEeHAY Bty FipRpe r Ghe P eV
ext er nal gﬁr%ssure filtrati gndmet hodt#{si n‘goa hoIaI og/ fit er nbrg?ev nodul e,
the filtratisF BREPEIOACAHIBR T OFRE P A & 2BE5RT |/ g%ﬂl% TG
conducting ait bubbl_in % bac ¥'\ﬁsh l,us hir}%_or | ural physi %al wash .
5 Dot ai | B Spareer P, £afE ok RS baseatls Mo B RBIRHEES oror ow
T1ber ”E”bng%%‘i fegul erhi%emgfnsé’é '1%9%05.-2 é’}%f%‘%’réﬁl%% Hat RenktKErrangsl The
nodul e of e present i Aventi on "denonstyat es mor e
between the outer end face of the potting portion and the fixing
15 device divides the transformation reglon 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 fixing device can
20 be fixed on the cap Jjolning the body of the hollow fiber membrane
module and the connecting piping. Depending on the materials of
a cap and a fixing device, the fixlng device can be fixed on the
cap by, for example, a method comprising lntegrating 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



‘effects in the filtration nethod using ozone, too. As a nethod for m xing
and di ssolving ozone to raw water, a nethod for pronoting dissolution of
.ozone to raw water usin g an ejector cgh be applied 5 in addition to a

met hod using a gss scattering tube or U-tube. Further, a nethod conprising
m xi ng ozone to filtrate water instead of raw water to use water containing
ozone as back wash water can becone an effective nethod for decreasing

det er i or at(ROFSBPCEEMTIENFART Sheof 1ing fevicaFIpdrirbed ¢ the Mullodw fi ber
menbrane nodul e 10 and al so deconpos ing contami nant s on the nenbrane f
ace by c~ cfjﬂ&itm?Wane@W%éﬁdH@%ﬁﬁblﬁ%'du%?tal’r'érsm LAJo$s-yl brand
intermttently. According to the above-nentioned construction, the nodul e
of the preéefentOR ﬁbérftiﬁéﬁgéﬁﬁ' iga; Ao tan Feblegilagdites Hiderednateover a

| ong period even under a severe condition such as ozone 15 concentration of
0.3 to 3 AR PesRERMAed -Hek RS (PeasRafiive yierhk 9f &kenintearatedon are
explained referring to Exanples. |In Exanple JI S- A hardness of 20 the
poLting miti@ing| evicensnd GRecRTsy SHOMY J8 BT dhehdor naPBRIER &

JI S-K6253 (manufactured and sol d by Koubunshi Keiki Co., Ltd., Asker A
type). Refléefbe Biafprelieoting SGIV%? athihe ‘F%lcﬁ"in%p%ﬂ‘-léd’PB? Wi 58 Ry

C- 4403 (trade nane) manufactured and sold by N ppon Pol yurethane |Industry
Co., Ltd cﬁ’é‘e&tﬁﬁiinpégéﬁgt OPDRFELMANETr SBETRTAAY IQPEEEit‘(StPBG F%ane )
25 manuf actured and sol d t he sane_conpany as_a curing agent at a mas
ratio (naifAtear Fﬂb}e‘b’fi‘@BYlé‘?i%s %%d‘hf’ﬂn&”f %ﬁg@ﬂh&f&?ﬂg"% Fe& £ 1xing

di aneter/outer dianete of ABS resin in plural tima,

and |eft " é:ﬁeaﬁﬁ?‘é?ﬁtit"é’nﬁépé?%rcea’bfbeSGr@Wfrd F &8P sC®y 5 cure. Then,
Pl 3R L9, CREhe A RO B IS LS PRI RO
e e o b5 3Tk I R R o PR SR nehof B0 2 40
above-mentioned fixing method of cap can be adopted and it is also
possible to impart a function for fixing on the tank tube sheet to
the fixing device. One example of the fixing device having a
15 function for being arranged and f£fixing on the tank is shown in Fig.
22, Fig. 22 shows an example (a perspective view) in which a flange
having bolt holes 17 and the fixing device are molded integrally.
Instead of the flange as shown in Fig. 22, other connecting means
or marketed one can be used.
20 As shown in Fig. 20, an O-ring groove 14 for O-ring seal
can be arranged on the fixing device. This groove may be used not
only for O-ring but also for sealing materlials 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-mentioned
rib or ring from the viewpoint of regtraining considerable decrease

in chemical resistance of the potting portion. The distance between



10 the urethane resin was installed through a flat packing in a cylindrical
pressure container nmade of stainless steel and equi pped with a flange
.having bolt holes. On the flange portigf of the housing, a fixing device
being nolded integrally with a flange having bolt holes and conprising a
partition portion having a cross-shaped flat 15 section (Fig. 28 wherein
groove for Oring is omtted) was arranged through the Oring and secured
wi t h bl ot stheThigypert Halpr e§sthe hmmiggnapdwile HyRllaw |fé§PFym9‘%é‘é§u3r i¥ed from
the side where the fixing device was not arranged using warm water having a
t enper at urRreFeTARLY CMinee Moz ep Bk, pEeserapky &pé mY\RENeTRe eVaRdIemat i on
of 20 the potting portion was observed, the farthest portion fromthe
portion s ég 1By2 RO MET R d@@-’e@é‘e( fihentlgeAngeoRe ivRPh&Rei tnnaT
portion) was nost |argely transforned in the end face of the Eottlng

portion antPtheft ﬁF%I&ﬂé’ssénﬂl pRe ridifc dopépviceiP e erbranR cdrpppt to the

pressuri zation (before and after transformation) was 2 nm The 25
above- fent 1At RYH C4uFhe heredng dis,erefnraRdy okt 10w Mefe PESEPRARY, but
no destruction such as cracks of the potting portion was observed. 26
Ref er ence BAMP E021GHE . (Y AN BT PERGCERP g &Geht™Bf MFE1PESLeXIRIFe nane)
manuf actured and sold by Sanyu Rec-Co., Ltd. were mxed at a mass 5 ratio
(mai n/ curihdP dIM20/86 %HOPW@F PE‘E{V?"rFiﬁ‘Igu‘i'héﬁ i refds cPREACY PAGEIIIIAR ng
(i nner dianmeter/outer dianeter: 169 mi 183 made of ABS resin and having
a ring ( iYier ofiitheehsingians khe Mlewrrésb@r "‘%‘B’rtﬂ'i‘ﬁ ’F? ﬁiLB%%as%tﬁgthaZ mR)
m)ldedinte rally with the housin as shown in g After | eaving at
an anbi entETeRPEYERINY bhe fdrect otk o iPe "Ejd’ g Iétngh@é‘? the Ry wa
further copducted at 60C for 20 hours to p are a_pottin Qrtion 65 mﬂ
thi ¢k onerhen wamsr%neetaﬁaﬂa%%? 3% poPE PR alEr 1385 MEAY oF TheS. A
har dness fter curi hane resin was 5 C and 71 at 60C.
Subsequent 13F, ilnﬁe %‘g - ﬂf‘?"() eﬁdﬂ@‘?bﬁ@nﬁ I‘l‘efdzsmlf‘ﬁ ﬁ@’?h?ﬁ?ﬁtﬁd’ﬁe resin
was install oug f in_a ndric ressure contai ner
made of st%ﬁe nq’°ts i Q@?eﬁ%%f e%taffébaé‘%n\%i £h EXF* %lavf A4 5B ("HS € on
the fl ange of _the housj.n a fixi vi ce elng wth a
f1 ange hav‘?’regtI ﬁ?yh%xf%aéngg d ?‘?ﬂ?g%ﬂi&"ﬂ&m £ ?‘l"‘etho?l pat |f§?'l'f?1’g£ ﬂ@'ef f1 at
section Of:Lst r?nec»r%OBJ}:)eP erably 1.5 mm or more, and even more preferably 2 mm
15 or more. Although the maximum thickness of the filling layer 1is
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 £illing 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



‘20 shape of circul ar shape and cross shape (Fig. 29 wherein groove for
Oring is omtted) was arranged through the Oring and fixed with bl ots.
Then, the pressure container was hydragjically pressurized fromthe side
where the fixing device was not arranged using warm water having a
tenperature of 40*1 C under a pressure of 300 KPa. 25 \Wen the

transformati on_of the potting portion was observed, the center portion

sur r oundeRSPTERRI FonTYRS AcPRECMSReT a1 8719954 pBri5SsK64P3 t hdDf EBE §§58evi ce
was nost largely transformed in the end face 27 of the potting portion
and the di% & noPf FRICH BRAGRESHeFANIeIn JeREPELING 2R STFE FHEMSAE( bef or e
and after transformation) was 2 nmm _The above-nentioned hydraulic pres

suri zat i orFeRETRLMEE i fEq PREANSYD Iirates t BrF eSS, At f ohmMREIR LS r acks

of the pottin ortion 5 was observed. Reference Exanple 3 A potting
portion 6¢ t FrR IKE&SdMptPsi$g a silicone rubber as a potting material was
prepared by m xi ng agents A and B of TSE-3337 10 grtrade name

manuf att ured and sd¥l BYecPorddREbaG9Ti@dnesPtS °F, MY .liﬁ‘t‘i%l B8 ratio
(agent Alagent B) of 1/1, feeding the m xture to a flapged housing (inner
di anet er / GHEEPORS LG Fo5 187 NAVARESE HRL DIAAEY 7 teHsC PG CaRHB8 H98% 11 ng
(inner diapeter: 137 mm thickness: 20_mm R—é)rocessi ng: 3 m*ri?% , .as shown
in Fig. 23%3pieg oh thee ROfhERY BRRERLoAREH L ARG BT WeH™hERY Bavi ng

t he housin t an anmbient .te ture of. 60 C for. 5 hours.to cure, and
fUrther cOMIAEPRREoRLREICEAe PhitaPeISEPReT 3 SURLREE 2 Tuhper modifsed
hardness after curin f the_silicaone rubber was 60 at, both 25 C d 60 C.
Sabsequon BT, BB PR ASRER o R¥d THIEPnGTr 19 RPE AL DePaan Labe
rubber,_was installed.through a, flat, packing . n | indri,cal pressure

Cont aifor aviEence g HaE Refun SRR Pibidr Jokk Lludeie e bl SRS
hol es. On the fl ange rti of the_ housing, fixin evi,ce bein ui pped
MRy 11 dmsemspiis - R i cBbe xhGR FHRhE s toobe hureE et aeficy | o a
flat sectigon of.the conhine hape of ci rcul ar shape and radi al shape
(Fig. S30 I ré’P“elLlrlleg‘fio'%'7 g’gl Srg Sorz?oﬁlge ngg%c?rlfceedij vvassar rpanged thrloughst hg

Oring and secured id obl QY $1pdhiRnnblifs REGENHEE SUPANS: Mencion
may be a hollow fiber membrane cartridge supported by hanging in
15 elther a filtratlon tank of tank type filtration apparatus or outer
case of rack type filtration apparatus. In this case, the same
materiall as the above-mentioned material for the module housing can

be used as a materilal for cartridge itself.
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
(herelnafter 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 ig preferred. 1In the case of the

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

1s measured by an alr flow method disclosed in ASTM F-316-86.



28 side where the f fixing device was not arra nged us ing warmwate r

havi ng a tenperature of 25t2 C under a pressure of 500 KPa. Wen the
transformation of the potting portion yps observed, the end face of the
potting portion where the |argest transformati on was observed 5 was the
center of the porti on surrounded by the central circular partition portion
of the fixing devic a and the center of the six portions divided by the
partition %tﬁgtthleé'n e bRdlLeY Flbsm nerbresst PEafegiabdy hdmat PATaRt tFo?f i¥0n
toward the frame portion and the thickness difference before and after
pressuri zakq 8A Ybelereimnghamosrsity depakstimtedotnon & megerPparke P as 2
mm The above-nentioned hydraulic pressurizing was continued for 450 hours,
bt no. doStIRR POFP AR SALERtRAWL Bh WBREE pch SLMLE LR AghBriRIvst. 15
Ref erence Exanple 4 A flanged housi ng having the sane structure as in

Ref er ence BR&FpMenBranes (Br BYLmed cBY Y %(‘ieﬁ’gf§°'P|%1PHEFéHﬁ‘Weﬁel‘?}}‘??§ and a
rib having_a flat section of cross_shape was fixed on the ring by wel ding.
20 SubSequitineferaandlengty BSr‘Erf%llF°éé°Y’rrF1ttfﬁrcR‘eEBﬁﬂP?)5|al‘P€ 8 Weqifaite
rubber as a potting material was_fornmed by m xing agents A and B of

TSE- 3337 (det‘}séﬂg ﬁgn% polymest 488%r ed and sol d by GE Toshiba Silicones Co. |,
Ltd. at a mass ratio (agent Alagent B) of 1/1 feeding the mxture to the
above- ment i oned houZPhdiratesaet nePnatd tHELRY Higreahod3on i | BATPERRD ifat ur e
of 60 C for 5 hours_to cure, and further conducting heat settl ing at 120 C
for 3 hour®t pdpdtad ?ﬁ§°R9h3?d%‘é§§nap?e‘ﬂ9%rf°ﬁgtﬁf myesper EHREG Wher was

60 at both room erature_and 60 C. her, the above-nenti oned

housi ngI fi ?Wbé'G:’W‘T%MEf“FnF'E’Bﬁ%eT uEB’éri“ﬁ/’égn?‘?‘l'sFﬁF |“@?§°FF1%GQH L3 ‘F‘T'%Hrad’gckl nﬁ

:‘Paﬁgéﬁ i edegl PRI %63082 '”erﬁ?ﬁvﬁo Berfifs '%fﬁfc}mf °§?e§§%*?43t§°-at Fon by
C

S AR S A S

above- msnté1 ﬁ' rag ressu% ffﬁ'@%%.hﬁ Sﬁég eatqeql 98 ’6 r@baéxut no

L L SO 108902 0 L g Gl Lol o b

i nner di g

ocort bog .tohﬁ\%r RoSpiEL Ry S, Dp°51e§/§ Si%ﬁog&ﬁﬁiﬁ% A %’Bgﬁwﬂﬁﬁgfgg

1 40/ 150

of(SIU ger %S%é §rmf%€1{@ns?1% égra pgﬁﬂl r| hg %‘ |%ﬁg¥?’ :Irrg?epa ©

130 20 Fi 23

pr ep;n:]ed ﬁw’l Eggﬁf%rgké% gmtaf?%ﬁ et%%l ,ng%th% %]g?zneasan?)if %éig&l gr% ch ﬁ:

pre-coat e%&%ﬁa‘fﬂ?&ﬂ‘kf 3}9@:&&%&39&% g{:‘f;g@fe*f-'i?ﬁﬁ"@%; %’a?? used

after mxing agents A at a nass r and sol d

by GE Tos L ha 0SS ed i on,
A i y COﬂ%I natlonq%%él tp%lyﬁﬂge:?% E1hoh rgpf,p o%dr&{)una

was fi xed notchés . e above-nentioned f es of

the hol | 0V\é€ﬂ3§%ﬁe”’é£’@f%r\ﬁﬁiﬁyié&§éw%%h89yﬂé} t %%}]1. E?{ﬁirl?e'ﬁte' PGS ST ng

and t hen col l ectively secure r'ing- shaped tool made

of TShp333YetAF1hBost 1l efe - ngdéfﬂ%:folpé’g freddie hol | QWopehds on of dre

hol | ow fi ber nmenbranes was seal ed and a bonding jig was attached.
tetrafluoroethylene-perfluoroalkylvinylether copolymer; sulfone

resin such as polysulfone and polyether sulfone; vinyl alcohol
resin; and the like. Among them, chloro resin and fluoro resin are
preferred from the wviewpoint of ozone resistance.

25 The above-mentioned constitution provides the module of
the present invention with sufficient pressure resistance without

thickening the potting portion. Depending on a diameter of the



‘On the side where the flange was not arranged, a bondin g jig was 5
attached after arranging 37 tube-shaped tools nmade of pol ypropyl ene havi ng
.an outer dianmeter of 10 mm After the hpllow fiber menbranes and both end
faces of the above-nentioned housing with bonding jigs 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 ratio of
1/1), mandesddar étaled?ﬂﬂ"éﬁlQi‘hﬂyiEfsﬂthh?g@‘SPF?%rmS,taEf’ﬁ evenppen
settling was conducted at an anbient tenperature of 120 C . Subsequently,

t he unnecdd®aPPtbbry iRRFtI6Rt hah o fPirkness fefamPedosid@ Ms cut of f to open
the hol |l ow portion of the hollow fiber nmenbranes 2 and tube-shaped tools on
the opposite side weremebhefd ar PFopretng £hg hdileyfibegarerrapeirdvdsr t ri dge
collecting water at one end where the hollow gortion is seal ed and 37
inlets forrisPpl PrageraiivaneionPMRFdFeSThECT hRIGADSS - oF e e Hawingg 20
portion 6 of the resultant cartridge was 100 mmon the flanged side and 30
nm on Phe HFPSsi t & Ysaliyr 9 thy dol Loy fALST BEMBT e RFPNTES: b3t
potting material 5 was 60 at both 25 C and 60 C. Subsequently, the

above- nentieFBELAB OrFPTGeREFa i adecerbPRasq pepgea tion nefdod, | vdipnedny

fl anged outer housing 19 (cylindrical pressure container made of stainless
steal ) tHPSubheEmally: 1pdugad pghase fepparatiampgiRed ingiudss s¥amplsd ofn Fig .
31. In Fi gw 31b nuner al 31 10 represents an qpeni n?mporti on for renoving
bot h condetfsdra®3ha®244’ i AT ofPfi I HRGr AN ? MOUFLBI B URer al 20
represents_a nozzle for remvi nggai r. Further, a nolded_ article prepared by

i nt egr al | 17008 A oper FARAGRAFEPEe O ADPNFIdRAMPRER S BPLLER PUELS ™ hi ch
(Fro. 10 \orbP P arBs, B Renpratea deofi teotpen. 0P BGE™ 85 BhiPh dap 7
Seoured Wit BB7 Pers oA THE s3aief oAU HLCR SR Aak et B Borded AL RS o

b essur e o S3tRkee e peeonnslapctt o o RAaEE Rt ABAENE SR GF fixi ng
oz0ne gas WS ST oo by PSEPR ARET8 6 -F8 RS RATIY GACEP L8 B8 Cpticd
A tor r epSHETRE T REUABBYE et aRBc T RT1 A nr ek BPrsLet 3R BPIRSNY vt or
(90 556/ oY) 05: 0094 L TES, pbe. PALLERG AV LER NS Gpseled and, neit her

* destructi on sUch as crack Tor damages™ of oW f i Der eitbr ahe Was

Ater the Treciliersabhrhopte poFRER 18 8 deflh 8ha SF i iRy o0
hor - danagotoBrthg AP Palef BELE RANERIELLE S BISFOERY B it Sfghete o ock
o cssuri 2 e 90, BU0TT M ReE T h Yorar) ST et LB ner o g’ BRI o Cked

and 25 neidhel femLdiel 18 d/Anle 3nd W268ndHg 42GBAL Sn8lm L FlGL | Syv4Gi Der

nmenbrane was observed. The- above-nentioned répeating pressurization test
correspondige@tadafddd sabhPdh AReE1d p2P1hQ pdr@4bn to avoid leaking of the

resin. The above-mentioned housing having bonding jigs arranged
at both sides 1s rotated and liquid potting material is injected
to both sides by centrifugal force. 1In 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.



‘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 , the nodule
Was dismantled and it was observed that;the shortest distance between the
hol | ow fi ber nmenbrane and the rib was mm and 5 the shortest distance

bet ween the holl ow fi ber nenbrane and the ring was 3 nmin the potting
portion. Exanple 2 Four bundles conprising 1,250 PVDF hol | ow fiber 10

m crofiltr@nithe siddwhace thenhellelW destiencip &p bk @Peperthe bppfied Endym
average pore di ametex according to ASTM 316-86: 0.2 dun, porosity: 70 %
obt ai ned BeRHEONNEY KUl RYed doitbEdon Fogpd Aay0er Lhe ddkenks eppn digr kel low
Subsequent |y, the above-nentioned four bundles of the 15 holl ow fi ber

menbr anes BTt onnef gthee ol how Hdes Remrangde DIrthes- 30a thengdfe where

di ameter/outer dianeter: 155/165 mm length: 1,000 mm and then secured
with a 3 nthe Bedkov ineFtdpapksl teoke seadeddndithe chietr GoH&UPREYA0g AN
(trade name; manufactured and sold by GE Toshiba Silicones Co., Ltd.).

Her ei n3 t WatefolisitegPeoRer. rihegertqindcprenpuseafetterationstwae mephahfess: 21
mm R-processing: 3 mR) , as shown in Fi gi 23, nolded integrally with the
housi ng arfePdilie pfthepragent dnyestiempsfrirhagokleatisohl heares FahgE®tbon t he
ring by conbination of notches. In addition, the rib 3 was pre-coated in 2
mm t hi ck b9rssisidesnear Rso@rodpeed Ryd TBPONINg fybggehered taedspagfsheyn
14-B7179 25 S{trade nane; manufactured and sold by GE Toshiba Silicones Co.
( Ltd. ) alrFi¥asé4ratio (agent A/agent B) of 1/1. Further, on the side of
the flange of the housing, the 33 holl ow portion of the hollow fiber

nmenbr anes was seal eBlERRFSR ERAMOGYLPIQf Wae RRassBhetrventirRe,an B Yt e th a
flange was not arrang(gd, a bondin 'i% was attached after arrangi ng 37

{ ube- SRapeth 55 SoRate- L1681 JBFRACAESREY YRR Gt BratdoanBEERO® R0
5 The hol Il ow fi ber_penbranes and both ends qf .t he above-nentioned housi ng
wi th bondi HYF [SPGSahEFd eptRERahPLESALFe gk fLiET P ale e dnitefipn be
tenperature_of 60 C using a pottin terial Qf silicone rubber obtained by
mixi ng agert@nkegagualttted; dnppasid ilar fer thes SKERERTE REPAPLES AP0l d by
GE Toshiba_Silicgones Co . ,, Ltd., 10 at a ,mss ratio (agent Al agent. B) of
T At or ETHFAHI00 ARG 4 BB Tt TIU50: L ROPRHSC SROR TR ket
subjected to the heat settling.at an _anbient tenperature of 120 C
innecessar ST RUItEEePRaogAor HERPR ARG SHna 8ot popRErafqd watet 1o

15 collected from the inner surface side. Further, the module of the
present invention has improved chemical resistance and can be
advantageously used, for instance, for 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 accumulates on the outer
surface side of the hollow fiber membrane in the external pressure
filtration method using a hollow fiber membrane module, the
flltration operation can be continued more stably by periodically
conducting air bubbl ing, back wash, £lushing or plural physical wash.

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

like.



‘'to open the hollow portion of the hollow fiber nenbranes and 15 tube-shaped
tools on the opposite side were renoved to prepare a holl ow fi ber nmenbrane
-cartridge collecting water at one end yhere the hollow portion was seal ed
and 37 in lets for supplying raw water were open. The thickness of the
potting portion of the resultant cartridge was 100 nmon the flanged side
and 30 mm on the OEESSite 20 side. Herein, JIS-A hardness of silicone
rubber of potting e Mosulaa et sthey tPHsFeRt 2 EneRiHPIe Feron SR QFUSRERY, t he
above-nenti oned hol |l ow fi ber nmenbrane cartridge 1 was installed in a

fl anged o®f€PCh® U hpe £ LtEFioRimpERPd M51gaRZORee ERMt aPRct Mhhled ST
stainless steal) through a flat packing 21 with a flanged side up as shown
in Fig. 3Mixipgiard digsedrdrg eaanecte prweated. by mef &PFyPFANAting a
fixing device with 34 partition portion having a flat section in a

combi ned $Hapelvtien AfyParm & HepEay pterovsing A% e £PEPT FaRh? ARPIdeSove for
O-ring is onitted% a flange and a cap 7 was arranged on the flange of the
housi n§ t HPoGGRLEHCD ¥¢ ) TP thod S4BT e TR HBIETIDI thke K df-BP%ousi ng
19 was sub jec ted to hydraulic px~e ssurization wi_th warm water having a
t enper at urfdr&her sEomethng e mprisdag plyng o nepho AHtERt QIS te Epnatedty
conducted fromthe side of fixing device and the opposite side alternately.
In this t &t TayHAtEFERt UL Waﬁéro‘i?ﬂféj@ég‘gv%@%f’ﬁsg%ﬂ‘ HRSHOERTRF §2Bne to
the warmwater to be supplied Wth an 10 ejector so that the concentration
of the oz&KEORALRR SFFertivg/ Tethrd £PT dgrraasigat Arteieratient P ragene
hydraul i ¢ pressurization by ozone water % 9Q se c/cycle 20 , 000 _tines ,
the potti FLABFLPRAERE PAETIAAPAT ARt FBP NpdL oM e ngdnqduiey nor

damages of the holl ow fi her nmenbrane was observed. Further, 15 the
o moags o gl he SRR LG AR R P SIS HRTBEAnE 2R . SIS Pon was

repeated 60,000 tines in total, th.a potti orfion s. agaj h checked and
el ther - dQ2PPAcIBn 28, cRURE B TG RaRiJBEBPLY hBE NP St Wembr ane
NS 0PSO el BHEL NEY erl S0l PSR 2908 SSSHYULRBLLR, |G miET1 S e
present invention can maintain practical pressure resistance over
a long period even under a severe condition such as ozone

15 concentration of 0.3 to 3 mg/L.

Examples
Hereinafter, exanples of the present invention are
explained 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 Koubunshi Keiki Co.,

Ltd., Asker A type).

Reference Example 1
25 A polyurethane resin prqpared 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)



20 pressurization 80,000 tines in total, the potting portion was again
checked and neither destruction such as crack nor danmages of the holl ow
_fiber nmenbrane was observed. Zhe abovesgrentioned 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 is conducted at
intervals of 30 mnutes. After the test, the nodule was dismantled and it
was obser VeRUEAGEURSL adKloFP b4 tPYitheaRRBe RAMREEY BRc IFHBW RIPRE afedbr ane
and the rib was 2 nmand 35 the shortest distance between the hol | ow
fiber nentegieaki® (wln/icNgingl of 63M37 YashEe 50 hlpngstthaisl ngiEinmes 3 5
Four bundl es conprising 1,260 PVDF hollow fiber mcrofiltration menbranes
(i nner di &4ABLERF (RHIAT ai ameted: 1€° To/ 183 aminnadg, of S Poin draverral
according to ASTM 316-86: 0.2~un, porosity: 70 %) obtained by the nethod
descri bed tiimegp- an@deFt- aR26Y apbdenprigmpegdture ohaOald\ierndntdwrsedof our
bundl es of the hollow fiber nenbranes were installed in a flanged housi ng
made of Sldurd04 Fhen)nReati seEi1enhowd$ cohidgagesarat 595/d Ghort 0151 hd@RPtde: 1, 000
m). Thi s housi ngwas equi pped with a ring 4 (inner dianeter: 145 nm

t hi ckness prépab8la Fo 1 IHGESS tin ha¥iKGR) thidk 3065 m. Fibredd, JMY-ah was
nol ded 15 integrally with the housing, and a rib having a cross shaped
secti on ( MHagdnés¥heftd dliniayeof OfheOurietlahsé HEdid edeanas tié apadngn t he
ring 4 by conbination of notches. In addition, the rib 3 was pre-coated in

2 mm thi ClyabetRa$iwds W atUBbElc @RRabHEL Wy Mexing agents A and B of
QL4-B7179 (trade nave) manufactured and sold by 20 GE Toshi ba Silicones

Co., L, td. at a ms%db%%hﬂeﬁ@gﬁ,ghtgé/n RB6VY - i t3bndd ThoddnB 1140 v{%ﬂ{%

fl anged side of the cartridge g, the hollow portion of the holl ow

fiber 1§eMisanes-taans e2betn apds t DEdt 21 1RANAIIGuighd Va5 a8t backey $1 Ghe side
where the flange was not 25 arranged, a bonding jig was attached after

arrangi ng 71_15&99-:511%eegsawksn%ma&&w tARKh 8ES sha¥h ReeedPRla
dianeter of il mm The hollow fiber nenbranes and both ends of "the 36

above- mentyieneds Nonsd Reviid Bo DOREI KL | b8 £h¥a1nGbpR¢ t P¥n 68 e HditAngtast i ng
at an anbi ent tenperature of 60 C using a potting material of silicone

rubber of peliking dBliRel BbitPmdLAEE Me@r&hmﬂ_mhsfﬁr@édhgvﬁfxg Xeh4- B7179
(trade nane) manufactured and sold by Gt Toshiba 5 Silicones Co., Ltd. at a
mass rati qolagadta Sbmeeding) a @hrtdidion portion having a cross-shaped flat
15 section (Fig. 28 wherein groove for O-ring is omitted) was arranged
through the O-ring and secured with blots. Then, the pressure

contalner 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 fixing 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.



‘After the above-nent ioned hollow fiber nenbrane cartridge was sub jected
to the post heat treatnent at an anbient tenperature of 120 C, the
_unnecessary potting material on the fl gnged side was cut off to open the
hol | ow portion of the hollow fiber nenbranes 10 and tube-shaped tools on
the opposite side were renoved to prepare the hollow fiber nenbrane
cartridge collecting water at one end where the hollow portion was seal ed
and 37-inlets for supplying raw water were open. The thickness of the
potting portion of the resultant cartridge was 110 nmon the flanged side
and 30 nmBRSFEIRBCBpPXATRY® 25 side. Herein, JIS-A hardness after curing of
silicone rubber of potting material was 58 at both 25 C and 60 C
Subsequent |y, the ab®t&ABnRITHedHFIOWNS PEERE RAENBY 2hEP L 4 tERABRAME as
inst aped in an outer housing 19 with a sc rew nmade 20 of stainless steal
t hrough aM@B4EARGUBeHiand 5o+ ¥y SanER ReFOas LibwWern mixpd 85 amassher, a
nol ded article prepared by i ntegral |y nol di%rldgta fixi n% device with

partit Pon TC BRI CHRIRG) PE 20788 apddrhanfed {p pbiret tinapioa t1an9ad ar
shape and radial shape gFi .. 15 wherei n groove for Orir?u% is omtted) and a
cap was artodidad &F‘Feﬁe ﬁ?ﬁf!PHﬁeFrﬂjﬂ%ﬁthé%WW%, artpdengh AB% out er
housi ng 19 and cag 7 were secured with cap nut 23 . The quter housing 19
was sub | CRASHd BOR ATARE| 7 SIRP LA, dLPIRE SR t RSOy Haidmestyi Ry -

t enper at ure 37 of 432 C upder, pressure qQf 200 KPa, which was repeatedly
Contuct e FRAAPABIET i BFR] MALAB0GEYTASF At YHE: GO CAMELAG a8s H1Srhat e y.
In this test, the amount of the ozone gas was adjusted by dosing ozone to

the warm vt €19t 02Pe AGHPT i PWAPEhahmh gdepE eypematurd s 4one it at i on

of the ozone water be 10 ng/L. After repeating the above-nentioned
hydr adPi ¢ pheovsar Featiwm bheabzeetet Matge wag 9fustdwirc gohdycts G0 60fGenr t he
potting portion was checked and nei-ther destruction such as crack nor
damages of2a heurs| towprebare reergutxiegwaerbibmerétecm Ehitkecompiiding a
repeating pressurization teat was restarted. After repeating pressurization
100, 000 t ivreghanetussdin ag hepqidtingmp teorinllon Heerelngdils -atenddnd ssraftreai t her
destruction suoh as crack nor damages of the hollow fiber nenbrane was
observed. dutiihigedf the urexhunéiossiy vaspratatn@5resaid i72abitos0was
continued. After repeating
Subsequently, the above-mentioned housing filled with
15 the urethane resin was installed. through a flat packing in a
cylindrical pressure container made of stalnless 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 £lat section of the combined
20 shape of circular shape and cross shape (Filg. 29 wherein groove for
O-ring is omitted) was arranged through the O-ring and fixed 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 40+l °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



15 pressurization 160,000 tinmes in total, the potting portion was again
checked and neither destruction such as crack nor danmages of the holl ow
fiber nenbrane was observed. Zhe above,prentioned repeating pressurization
test corresponds to a filtration operation for 9.3 years supposing that the
operation is a cycle operation in which 20 back wash is conduct ed at
intervals of 30 mnutes . Af ter the test , the nodule was di snantled and
it was obsf Fea Reiingheoskinn é8d Hire dHAferpreaedn thactHEkNeRsf Pafare
menbrane and the rib was 2 nmin the potting portion. 25 Reference Exanple
5 A test SfhRELRESPTAEYEALEALIRIdPefREesaRR &di Eranafoamatiorbi@efce
Exanple 1 excegt that a fixing device was not arranged, 38 and hydraulic
pressur i zd¥-onTh@dbeyerantdonfa dydrariiePres iR t3arionyas senkdmaed

Exanpl e 1. The observation of the transformation of the potting portion
shows t hat2@hBogeh BEE A e BRIHTLIOReS RN ABRF 5K St PH T hRROTIRE PaFHany
transfornmed and the thickness difference 5 between before and after
pressuPi zafa%HRPEBEYRHe and after transformation) was 8 nm Continuing the
above-nentioned hydraulic pressurization, cohesive destruction along the
outer peripheral portion of the potting portion and | eakage of water
occurred 11 hours after the operation started so that the eval uation was
st opped. RrisFerrentxamBlendi e 6 A test sanple was prepared under the sane
conditions as in Reference Exanple 2 except that a fixing device was not
arranged, and hydr aﬁPPE%?%?%F?%PPJH‘ TldorRRIEEA g fuRt L Y FanesTRber
conditions 15 as in Reference Exanple 2. The observation_of the

t ransf or meitd 6R°5Fi‘?%@abﬁ’fjca}%‘gai)BF‘?Fﬁ?ds%%xjf%?g?’hteg RAREEODEPET IR of the
potti nﬂ portion was nost |argely transforned anq&&?he t.hi ckness di fference

bet wedf beftFadenaRe) PRRHUEHACEITAR AP T PHEENFWRIRG SHEEPPeP &P drifht i on)

was 14 mm Conti nui

t h b - ti d 20 d I | tion, th
Cohesi v RS BPF GHEGACORGOBRE MRS EB) | Gheh/dl SEFLIR e psbed de™ ("¢
tting- ti | eak f d 7.h f.t t ti
rarteq Soh HAPOPH caa BRet AL arp R Lhe o BaaPeF et o g fes H | O
made of SUS-304 and having a ring (inner diameter: 137 mm, thickness:

20 mm, R-processing: 3 mmR), as shown in Fig. 23, fixed on the inner

15 wall of the housing by welding, leaving the houslng at 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 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 contalner made of stainless steel and equipped with a £lange
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 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



“A test sanple was prepared under the sane conditions as in Reference

Exanpl e 4 except that neither fixing device nor ring 39 was arranged, and
~hydraulic pressurization was conducted,gunder the same conditions as inl

Ref erence Exanple 3 . The observation of the transformation of the potting
portion shows that the center portion of the potting portion was nost

| argely transfornmed and the thickness 5 difference between before and after
pressuri za@idewherbefhsr Bixing ddvice vamnat armpgehyising wagm wate FRAVABE, t he
repeating pressurization test was conducted by using this sanple under the
sane condiat itempessture Ref @5eAct modepl e Bressurnehe£f3 5007KRat edthent fthe
apparatus for 10 repeating pressurization was stopped ow ng to abnor mal

fl ow gquanttiraystorhdtel gy egsthie ziotd ipynporilioen waheolpsrmviedg pbe térsh faket hi s
sanpl e was checked, circular arc-shaped crack was observed inside of the
out er per igghtieapo O irighegopion wipyeote dardesi8tnansfdrmalt lon weedlseaivade .
Therefore, the evaluation was stopped. 15 Conparative Exanple 1 A holl ow

fi ber penagnehes addrtiedgefwelse Hoatanadsanmbundpdaby ncheprcessnal eitiawlaby ozone
wat er was conducted under the sane conditions as in Exanple 1 except that
none of thartibgeon fpodtigndefitte FAxand dewicwasndrtlegedtevefn the six
pressuri zation was repeated 10,000 tines, the observation of the potting
porti on showedohfdvedad byithet prertidatibnmprtde hiexteatiirgdyonddargestradd air

| eakage check showed occurrence of | eakage. 25 Conparative Exanple 2 A

hol | ow fi karciedarai¢ioaoritdge towargrideaf suneapdrtiar)and gdet tinkckness
pressuri zation by ozone water was conducted under the sanme conditions as in
Exanpl e 2 &fcepentdabefione ehdt héter ngpredswrinptdoni ddefore 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 fixing a ring thereon by welding,
and a rib having a flat section of cross shape was f£ixed on the ring
by welding.
20 Subsequently, a potting portion 60 mm thick comprising
a silicone rubber as a potting materilal was formed by mixling 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



“and rib was arranged. When the pressurization was repeated 10,000 tines,
the 5 observation of the potting portion showed that crack in the potting
_portion already occurred and air | eak check showed occurrence of

| eakage. Industrial Applicability 10 The present inventi on can provide a
nodul e using a flexible potting material in Wich the transformati on of the
potting portion upon filtrat ion operation is res trained. Particularly,

t he presertemparetremndaliopi®vi de a | arge scal e holl ow fi ber nenbrane
nodul e mai ntai ni ng practical pressure resistance in which the 15 occurrence
of the breakage of Rurhel lthe dbokermartdsrastchdus inlyefii vledriates aficbhe
potting portion was restrained w thout thickening the potting portion.

Furt her, tduebpremeninstaldadithroagisa flan gackingensa opliddricalvressuebern cal
resistance in the potting portion is inproved and damage of the nmenbrane in
t he i nt er icaatadhet heaqwidf ngtalflpsst steel sequeigipedi wetdh Fhangs .esaftter
invention is useful in the field of the water treatnent such as treatnent
of tapswataetrasgtig as cepvex that ksysingk esydrdah nier phesswdizat iandbyinddegr ound
wat er and renoval of turbidity fromthe secondary processing waste water,
particul amayihg &hEefpedatuel balPS:d reabn@at 419regsabe ext e30WIKPY @agur e
filtration 25 menbrane nodul e and ozone. 41 CLAIMS 1. A hollow fi ber

nmenbr ane %ﬁ@h@e&@f}lfdn&heﬂe@ fRAUbSL N @4aBdof AHROLLH M il t8Byhr @pe bundl e
conprising a plurality of 5 hollow fiber nenbranes, at |east one end

porti on ofapble-Reme] ¢hdaeiyitratil X6 §reBsh Rz 1a6h Wil repdhtaaric 006 timag, at
| east one part of the rib or ring being enbedded in a potting portion

fixing theuend @syiiuetioh shbr aBddaewshidsesbsrveaaneHepd i@ nfPisitignwi th a
potting material in the state where a hollow portion thereof Is open, ~

ereinighe 10 potting material is a flexible material, the rib or ring is
fixed on an inner wall of the housing or into grally nolded with an inner
wal | of tipxakpuseing, and the rib or ring is enbedded in the potting portion
wi thout directly contacting the hollow fiber nmenbrane. 2 . The hol |l ow fi ber
menbr ane nodul e acFardi Bgntibe<£| adomptisihgwheyzmon @VDF| | hoDlLdway Biber
consisting of- the potting material and having a thickness of at |least 1 mm
exi sts bemieedfiberationor mémbyanasd t H{anhek| odikimbesr moarderanedidhetethe

hol | ow fi ber nmenbrane nodule acc ording to claim2 , wherein the thickness

of the fild.7og1l2y 6, iaveR@fe pbee dibABtr Adco2@iry td R8TROII1GWekE: kL2 umBTDr ane
nodul e according to claim1l, wherein a fixing de vice is arranged outside

the ensl fareoslityheorytintuinBardy ehe Mbthda ddste-19640RLBPDAS2601 t6226hO0! | oW
fi ber menbrane
were prepared.
Subsequently, a flanged housing 1 (inner diameter/outer
diameter: 140/150 mm, length: 1,000 mm) being made of SUS-304 and
equipped with an integrally molded ring 4 (inner diameter: 130 mm,
20 thickness: 21 mm, R-processing: 3 mmR), as shown in Fig. 23, was
prepared. On the ring 4 of the housing, a rib 3 made of SUS-304,
which was pre-coated in 2 mm thick with silicone rubber TSE-3337
(trade name; used after mixing agents A and B at a mass ratio of
1/1) manufactured and sold by GE Toshiba Silicones Co., Ltd. and
25 had a cross-shaped flat section, was fixed by combination of notches.

The above-mentioned four bundles of the hollow fiber

membranes were installed in the above-mentioned housing and then



“substantially w thout sealing the end of tha openings. 5 . The hollow fiber
menbr ane nodul e acc ording to claim4 , 25 wherein the fixing device
-conprises a frame portion and a partitigpn 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
consisting of cross shape, lattice shape, radial shape, honeyconb shape and
combi ned g%iﬂ@c&#ve%ﬁweﬁamm & h i Ahdcki g -ghappdpeook madehetfhol | ow
fi ber menbrane nodul e aoc ording to claim4 , 5 wherein a groove for an
Oring is HWhaddgéd & thresiARicfgheresineilange Thiefillow pepfdomefithane
nodul e acc ording to claiml1l, wherein the ring is arranged in parallel to
[he end | RALIGH EHRATGERPRIAGSMPROREALEd THE AICRGARE] BT whenbF EsBadodul o
according to claim1, 10 wherein R-processing is plied to the external
angl e por tQfofkhef sife whexg. the fimpgenups APY |35§Pnﬂ%‘£braarﬁ’@nﬁé‘éiﬁlbi%1d'@sordl ng
to claiml1, wherein the nodule is equipped with both the rib and the ring,
and thé ridFtashefaffesrnaaging S q-srref dordaacis %pe&gnrqmqn@ng 15
and the rib is fixed directly on the inner wall of the ring or nol ded

i nt egr al | yrapig BReOHiGTydianetepn o0 BR- fi ber nenbrane nodul e according to
any one of clains 1 to 9 wherein the potting material has an JIS-A

har dness after curiMgtest ths l?‘b“%" fé@‘*Il emhrangg| arfly fqtbe enfiefdfemh ©tnodul e
according to any one of clains 1 to wherein the hollowfiber nenbrane is

fixed on tHe hBRRYSTFSRELARRA BPFRERS thUht BeR{HY t h9¥ nHere wdiredr birhe
housing at the potting portion. 12 . The holl ow fi ber nenbrane nodul e
accor di ng qenteiipgel casblnghat aper@ient tepgeratisie @B A" S MsAgIE PRt NSOt t i ng
material and having a thickness of at |east 1 nmm exists bet weep the inner
wal 110f tnetelrdadi ok THEd385E (HolakdewnsmeyemidngragentisnAtard Fortiadgnassrti on.

ratlo of 1/1), manufactured and sold by GE Toshiba Silicones Co.,
Ltd., heat settling was conducted at an ambilient 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 pprtion 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 stainless steal) through a flat packing

21 with a flanged side up as shown in Fig. 31. In Fig. 31, numeral



43 13. An external pressure filtration nmethod conprising supplying a raw
water froman outer surface of a hollow fiber nenbrane bundl e and
.collecting a filtered water from an mgler surface of the bundl e by using
the hol |l ow fi ber nenbrane nodul e according to any 5 one of clains 1 to 9.
.ANF. A; . A, E. ANs9. A; E. A, "I ACY. Al . AY. AaY. ANY. A; E. ANE. AE. ANl . ANE. A; Y. A;
E. AN2. AN. ANE. A3. AY. ANE. A. Ar. AN. A(. A. AN. Aa. A;
. AN. Au. A( ZL0Arepnesert saARm. apening\yoptiom fgroremoving both condensate and
“e, 69HIX"" " zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca]
ca] ca] ca] cHjcahcdlec hptbw £jlbav|reabrane Teadud 4] cand fugeral| (26 represents
$k) " | wmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c
a] ca] ca] cad dgpeie)] ke caheuled]ada) cdjurther, a molded article prepared by
c(kb#c8s13u{vqgl ga\ W ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] caU] ca] ca]ca]ca]c
a] ca] ca] calnt®gEal ¢y |rjddapcadajiag] ¢eviag 8dadling+partinia@pportion, of
Kg{vql gb] X] ] ca] ca] ca] calc 5]C='aa] caU] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca]ca]ca]ca]c
a] ca] c8] c aeghdaata }r ajccabdneX shppe of circulprishape@nd radial
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Example
Four bundles comprising 1,250 PVDF hollow fiber
10 microfiltration membranes (inner diameter/outer diameter:

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

wm, 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
Sllicones Co., Ltd.). Hereln, 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 sectlion was arranged on the ring by combination
of notches. In addition, the rib 3 was pre-coated in 2 mm thick
by silicone rubber obtalned 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 1/1.

Further, on the side of the flange of the housing, the
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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 1loned 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 flanged outer housing 19 (cylindrical
25 pressure contalner made of stainleas 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
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presgsurization 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 pressurlization test was continued. After repeating the
20 pressurization 80,000 times in total, the potting portion was again
checked and nelther destruction suc¢h as crack nor damages of the
hollow fiber membrane was observed. The above-mentioned repeating
pressurlzation test corresponds to a filtration operation for 4.5
years supposing that the operation is a cycle operation in which
25 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 membrane and the rib was 2 mm and
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diameter/outer diameter: 155/165 mm, length: 1,000 mm). This
housingwas 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
(Fig. 2 wherein groove for O-ring is omitted) was arranged on the
ring 4 by combination of notches. In addition, the rib 3 was
pre-coated in 2 mm thick with silicone rubber obtalned 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 jlg 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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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 outar 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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repeating pressurization was continued. After repeating
15 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 filtration operation for 9.3
years supposing that the operation 1s a cycle operation in which
20 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 membrane and the rib was 2 mm in

the potting portion.

25 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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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 conditions
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 pressurlization (before and after
transformation) was 14 mm. Continuing the above-mentlioned
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 preparéed under the same conditions as

in Reference Example 4 except that neither fixing device nor ring
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5 difference between before and after pressurization (before and after
transformation) was 14 mm.

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 flow quantity
in the pressurizing pump. When the potting portion of this sample
was checked, circular arc-shaped crack was observed ilinside 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 p;:essurization was repeated 10,000 times, the
observatlon of the potting portion showed that crack in the potting
portion already occurred and air leakage check showed occurrence
of leakage.

25
Comparative Example 2

A hollow fiber membrane cartridge was prepared and
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Industrial Applicability

10 The present invention can provide a module using a
flexible potting material in which the transformation of the potting
portion upon f£iltrat ion operation is restrained. Particularly, the
present invention can provide a large scale hollow flber 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 pottlng portion
1s 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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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 portlion thereof 1s open, wherein the

10 potting material 1s 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 f111ing 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 i1s not less than 2 mm.

20 4, The hollow fiber membrane module according to claim 1,
whereln a fixing device 1s 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 fiber membrane module according to claim 4,

25 wherein 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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10%2&;()_\! 10%2&;()_ Eﬂﬁ%?w fiber membrane moddle according to claim 1,
whereln 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 wherein 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 1s 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 1s 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 filling 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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