1 DESCRI PTI ON HOLLOW FI BER MEMBRANE MODULE 18 Mar ch, 2006| gg!ecgni%@@ls
field The present invention relates to a hollow fiber ne ] used
inthe field of water treatnent for tap water such as river water, |akes
and marshes wat er, underground water, and underflow water; secondary
treatment waste water; sea water; water for 10 industrial use; process
water; or the like. Mdrre specificall PESCREPTIONSent invention relates to a
hol | ow fi ber nenbrane nodule in which a potting material for bonding and
fixing hollow fiber nenbranes in a fluid tight manner to a nodul e housi ng
conprises a flexible material. 15 .Background art A hollow fiber menbrane

nmodul e has been widely used, HouLowi FESEe@EMBRANE esByLane filtration
treatments in the production process of various industrial. products such
as in the production 20 of ultrapure water for washing sem conductors or
pyrogen free water; in a closed process wherein electrodep65|t|on pai nts
are coIIé%teﬂ?chmmﬁyniiemddensat|on bacteria renoval in fernentation
liquid;, and renoval of turbidity frompure water, waste water or the |ike.

Anong the above, Tha presenatiakeh Rl FENitdsi € 8 HoUGhw 23bbf REtFEHSmdAlLd ap
25 water and waste water, a larger scale hollow fiber nmenbrane nodul e has

recent|y beewsetbnmndbe feX®dceatde tiieQRBRO £ O oD waflF %tu%OEQ rivbd he
hol | ow fi ber nmenbrane nodul es as described 2 18 March, 200
water, lakes and marshes water, underground water, and underflow
water; secondary treatment waste water; sea water; water for
} 10 industrial use; process water; or the like. More specifically, the
present invention relates to a hollow fiber membrane module in which
a potting material for bonding and fixing hollow fiber membranes

in a fluia tight manner to a module housing comprises a flexible

material.

. Background art

A hollow fiber membrane module has been widely used, for
instance, for membrane filtration 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 fermentat:f._on liguid; and
 removal of turbidity from pure water, waste water or the like. Among
the above, in the water treatment field such as treatments for tap
25 water and waste water, a larger scale hollow fiber membrane module

has recently been demanded to reduce the treatment costs.

Heretofore, in the hollow fiber membrane modules as described



above, epoxy resin has been used as a potting material for %Hdi gg agg
fixing hollow fiber nenbranes and a nodul g housi ng. Howevess

been a problemthat high elasticity of thé epoxy resin causes easy '
breakage of the hollow fiber nmenbranes at the bonding 5 interface with the
epoxy resin. Therefore, the technique of preventing breakage of the holl ow
fiber menbr af®@o¥e o RP*¥hEesimbesfkesm byed ids arpptitieghoxdimelifirebbading

bet ween epoxy resin and hollow fiber nenbran es with flexible resins such
as silicone POBbEIxiNmEchsen fHdept veibidpmevand & hbdupe doassnyas Hokever,
drawback in that 10 the bonding step had to be conducted tw ce, resulting
in inferior tBEBRAJMTHecaf fipiadrep tont thighoehesthatly, ofhtheispoaf vesthane
resin as a potting material has been recently proposed (e.g. JP-A-7-47239
and JP- A- 7- 14849435 easgT brsalmde of JEheAhpl4G@ 30 tairs pboissmelshat ther bohdirey
resin pre$ar¢d by curing prepolyners having an isocyanate 15 end group

obt ai ned ¥ r oAREeBIRGSy | wiith htime edpdgocyemiat.e aherpdbyexy thé eteaieidud e

gl yool (hereinafter referred to as PTM3 and a curing agent conprising
PTMG and casPEeVeitingr kiesakagiei wet pthe/ohoblowagiber mbhbil@s satvugldertisd de
tenperature in the rubber region of nore than 100 C and a storage nodul us
of the |evel 1BteniceNbwfididng tisd bond 2y finberfamnbeanesiregoke rebtiai aiedl by
using this urethane resin as a potting naterial can stand continuous
filtrati on ofohavw fhber mefbrafeCwihbléleaitlé fresensismlchpies 51t mef rébeMPa
(200 KPa) for 6 nonths w thout |eakage.. However, the urethane resin
construct ed B3S tieenapdoptedn Howelter. 2Bimghiceessshas age Gbakback of QN P
or nore._ As a result, there are problens, in that potting portion

consi deri&bl ythe Hesfdpgsstsp hdilf ferhentopdessg ewaoe, reakagtn@dn Lyfecis S
when it is adopted for 3 18 March, 2006

economical 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 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 oil or derivative polyol of castor

01l has a higher side temperature in the rubber region of more than

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

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

potting material can stand continuous filtration of hot water of

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

However, the urethane resin constructed as the above can har dly

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

problems, in that potting portion considerably transforms by

different pressure and leakage easily occurs when it is adopted for



a hollow fiber nenbrane nodul e having a | arge dianeter. Fy er 6
JP- A-7-148421 di scloses the technique for_reducing the trad f
potting portions by using a unit filtration element conprising a hollow

fi ber menbrane bundle 5 installed in a fluid-perneable protecting
cylindrical tube and a beam having a | ength extending fromthe potting
portion at omehehtbw dibehemeesmneounsinle ttaving poldardgegdpamdeteon at t he ot her
end of the case housing. However, this nodul e construction has the

probl enms of a codpirékermons, acikra-rig1gBdedsslimndobs gh thesti:dhmdguse Tfr t he
10 material for producing the unit filtration elenent and the beam

mat eri al andreflucing mhec éssestdmnatdssend| porgt inge per trixingr byl ssiny\Ga 9Wik0893
di scl oses, as a neans for preventing transfornmation of the potting portion
and i nprovi n§idtaration tedementr idomprietingli redtolovofiber i membravsd | buidle
housing in the state of being 15 enbedded in the potting portion. This
docunent %l singitaklegsds &ifiuig-pyrmeablienprotertinyg kbyliondbicwt toheoind a
notches, fixing by screwing and integral nolding as a nmeans for fixing rib
directly tobeamhdaying.a Mengtv @xtenlibng etdunotlsgpoftoing pevthon ey daaegeal of
potting portion or inproving the seal property is also disclosed 20 in

JP- A- 63- 171608, thiPcAs 6 1226884 tandhd Podttlihg3p0iTihn BE stHeosther aind he the

I nvention The present invention ains at providing a hollow fiber menbrane
nodul e whi chcase hosishthai n Hawegverct ithdls podskdlicensenicitiancikas ZheFprobbams t he
present invention also ains at providing a |arge-scale hollow fiber
nmenbrane nodef e Wompheg amamxfiagtaring pipraecsi end lpghssosts resassance dred i s
capabl e of reducing breakage 4 18 March, 2006 of hollow fiber nmenbranes at
t he i nt éPf aceat¥ridie fpot prodpqdaugt ithe unit filtration element and the beam

material and of the processes for assembling these materials.
WO 97/10893 discloses, as a means for preventing
transformation of the potting portioﬁ 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 membrane
module which can maintain a practical pressure resistance.
25 Further, the present invention also aims at providing a
large-scale hollow fiber membrane module which can maintain a

practical pressure resistance and is capable of reducing breakage



wi t hout thickening the potting portion. Mreover, the pres&t!%'lrgyleawogn

also aims at inproving durability of the,potting portion

fi ber nmenbrane nodule 5 having ozone resistance such as a hollow fiber
menbrane nodul e using a potting material conprising silicone resin or the
| i ke. The present inventors have nmade extensive research to achieve the
above- nent i oREOBC EEbem chemvanes radl [the atresmfieice heltl thRepo riggepertion

i nvention. 10 Nanely, the present invention relates to a hollow fiber

menbr ane nodHRERRWHPtiiskaning dvupethbng nardion- hol | ow fi ber menbrane
bundl e conprising a plurality of hollow fiber menbranes, at |east one end
portion of the buntPEediEimg thexepiregrenthelnysnsiony; absel alrs bat olmprewingt

| east one part of the rib or ring being enbedded in a 15 potting portion
fixing a hol PBHRRHA Yorh tom pottimepavtiamit theholewifiher membrane Fedisiang
with a potting material in the state where a hollow portion therepf is
open, whet ei RAYHRY povne ngshetandeasudl asa hobhavhf themmenbrane morulei $siNg ri ng
is fixed on an inner wall of the housing or integrally nolded with an

i nner wal | of P¥eizguBpheriz) comgrikéng idildconpngesin exbstedetiken t he
potting portion without directly contacting the hollow fiber nenbrane.

Mor eover, the prefbatpHeseahtinyensnrs hpxesesicaexeisdveatesemrebsiyr achieve
filtration method conprising supplying a raw water from an outer surface
si de of a hoFhrowabovrementibredecoblecte andl havd | Sotally a2§omphbisted dthieon
water fromthe inner surface side of the bundle by wusing the-

above- ment i oRERFRH LBYWeRY . nenbrane nodule. 5 18 March, 2006 Bri ef

Description of the Drawings Fig. 1 is a |longitudinal sectional view show ng
an exanpi%e Namely, the present invention relates to a hollow fiber

membrane module corprising a module hous ing; 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 therepf is open, wherein the potting material is

a flexible material, the rib or ring is fixed on an inner wall of

the housing or integrally molded with an inner wall of the housing,

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

Moreover, the present invention encompasses an external

pressure filtratioﬁ method comprising supplying a raw water from

an outer surface side of a hollow fiber membrane bundle and o llecting

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

using the above-mentioned hollow fiber membrane module.



of the hollow fiber menbrane nodul e of the present invention; Fig. 0%'5 a
sectional view showi ng an exanple of the gib used 5 in th 8 2
invention; Fig. 3 is a sectional view show ng an exanple of the rib used
in the present invention; Fig. 4 is a sectional view showi ng an exanpl e of
the rib used_in the present invention; 10 Fig. 5 is a sectional view
showi ng an ePAAPE Peoniptien (pf dde Drawikgs present invention; Fig. 6 is a
sectional view show ng an exanple of the rib used in the present
invention; Fig. 7 iSl%h pelspedengbtudionlshent rnpadnvisaspbeing danhexanmle 15
fixed on the inner wall of the housing by conbination of notches; Fig. 8
is a section8fF Whrekaddew fipen nerhrphe midulee ofi khenpregeut cenvsmddonn t he
present invention; Fig. 9 is a sectional view showi ng an exanple of the
fixing device usedih 2He psesthonilnyéeavisioyilg abi exantlei of ahe auibi wredl
vi ew showi ng an_exanpl e of the fixing device used in the present
i nventi o FitB. the Bresgngeinventdionyi ew showi ng an exanpl e of the fixing
device used in the present invention; Fig. 12 is a sectional view show ng
an exanpl e of the fiL€.nyiszm sgetiemlyviewishowhey pnesamplienvohe aib dseg. 13
Is a sectional view show ng an exanple of the fixing device used in the
present inveh®idit PresehE ckRvexddens Fig. 14 is a sectional view showi ng an
exanpl e of the fixing device used in the present invention,
Fig. 4 is a sectional view showing an example of the rib used
in the present invention;
10 Fig. 5 is a sectional view showing an example 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 is a perspective view showing an example of the rib
15 fixed on the inner wall of the housing by combination of notches;
Fig. 8 is a sectional view showing an example of the fixing
device used in the present invention;
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 showing an example of the fixing
device used in the present invention;
Fig. 12 is a sectional view showing an example of the fixing
25 device used in the present invention;

Fig. 13 is a sectional view showing an example of the fixing

device used in the present invention;



Fig. 15 is a sectional view show ng an exanple of the fixi deyi %)zfed
In the present invention; 5 Fig. 16 (a) is a sectional vi '

exanpl e of the fixing device applied by R-processing; Fig. 16 (b) is the
A-A sectional viewof Fig. 16 (a); Fig. 17 is a perspective view show ng
an exanple of the fixing device used in the present invention; 10 Fig. 18
is a perspective Vi BgshamH@ s6c@eadpa e shdfidd dhkande¥iczeris edxifgt he
present invention; Fig. 19 is a perspective view showi ng an exanple of the
i ntegral nol diergcofusap jandhbi gréEndevheentSa in the present invention,
15 Fig. 20 is a perspective view show ng an exanple of the integral

nol ding of cap and Figi NG few S-t4%a81 ivicEhoNAfFRh exahP8lieOfhe Fidingl IS
a perspective view show ng an exanple of the integral nolding of cap and
fixing devi cdewsee uged it pheSpRdsen201hpieridpn; Fig. 22 is a perspective
vi ew showi ng an exanple of the integral nolding of a flange with holes for

bolts andsa fixing BBy a& (4jeds imsbbeima?ﬁ%&][ed BMER AP An E&auplﬁokfstﬁe
(0]

schematic sectional view showi ng an exanple o 25 the inner wa

housi ng of tiexomgleride Wbpele® By RLPHoALLEIY, | Nner wall of housing are
nol ded integrally;, Fig. 24 1s a schematic sectional view show ng an exanpl e

of 7 18 March, 2006ridie 1616y Y& dheOh-ROUSL G difait REef SR gl N1ENi Ly t WO
rings and an inner wall of the housing are nol ded integraIPy;

Fig. 17 is a perspective view showing an example of the fixing
device used in the present invention:

10 Fig. 18 is a perspective view showing an example of the fixing
device used in the present invention;

Fig. 19 is a perspective view showing an example of the
integral molding of cap and fixing device used in the present
invention:

15_ - Fig. 20 is a perspective view showing an example of the
integral molding of cap aﬁd fixing device used in the présent
invention.

Fig. 21 is a perspective view showing an example of the
integral molding of cap and fixing device used in the present

20 invention:;

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

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

25 the inner wall of housing of the modanle in which one ring and an

" inner wall of housing are molded integrally;

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



Fig. 25 is a schematic sectional view show ng an exanple of _bondin 6i g
used for centrifugal casting of the potting portion on 5 M&ﬁ@hﬁ-ﬁ%—@i de
of the hollow portion of the hollow fiber; Fig. 26 is a schematic sectional
vi ew showi ng an exanple of bonding jig used for centrifugal casting of the
potting portigﬂ on the sealing side of the hollow portion of the hollow
fiber; Fig. 277 eIcKehhoicheesnnral the avedihewimhighekempiiog sf and @n

t ube- shaped tool for produci ng openings for supplying raw water on the
seal i ng si de 6?“‘%%6“%& PBW%?PPﬁﬁn%falf%é‘%PﬂogﬁWQ?@#;lYFi g. 28 is a
sectional view showing the integral nolding of flange and fixing device
used i n Reference EXd¥pl e’ 1s Fisghenpatig sgotippabiyiew\ahoniston sganpbe of

i ntegral nol dli)n of 15 fl antg% and fixing device used in Reference Exanple
2; Fig. 30 is %?Ebs"é‘(ﬁ P oA dSed; AR Hipddecrat gy oF thel dehyind poftiemenand
fixing de\éi ce .used in Reference Exanple 3; Fig. 31 is a schematic sectional
vi ew showi’ng t'He R5HaPdt fikde @€cthe hadbdampestiommE theahol kv Miper32 is a
schemati c sectional view showi ng the apparatus used in Exanple 3. Best
Mode for Carrying OFt9 héP RAveAEhematde sectienal ydhemitowdng sweshople@an
exanpl e of tqg hol | ow 25 fiber menbrane nodul e (hereinafter sinply
referred to aXHHRY Y9 vsedifiar perbeifiudadyeasting oAsthehpokting Pogtidy onhe
hol | ow fi ber _ nmenbrane nodul e of the present invention conprises a nodule
housi ng 18 Marth Se266Bd ssifle gfhbhe dipiliowe Porthon mfe thankblblaofgbesi ng a
plurality of hollow_ fiber nenbranes 2, and a rib 3 and/or a ring 4,
wherein either or Edfnh of 1f feseheratisl Feattorrlyiew @howdng tdre elahbbevofi ber

menbr ane;, .
ube-shaped tool for producing openings for supplying raw water on

the sealing side of the hollow portion of the hollow fiber:
Fig. 28 is a sectimal view showing the integral molding of
flange and fixing device used in Re‘ference Example 1;
Fig. 29 is a sectional view showing the integral molding of
Is 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 showing 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 is a schematic 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 invention comprises a module housing



bundl e is/are fixed on the nodule housing 1 by a potting n?girial gé%sFﬁg.

1 shows an exanple of the nodule in which a fixing device

integrally with a cap 7 is arranged through an O-ring 9 and fixed by
screwing cap nuts (not shown in Fig. 1) on the outside (upper side) of the
end face of the potting portion 6 where the hollow portion of the holl ow

fiber menbrang hshdineR. £k ThenpBMd suhels 'c'%glpi‘ﬂgir@araeﬁltﬁramqyl@f f8sLowl a
cartridge case directly contacting the potting portion. Exanples of the

material of hawsirngediEnddes, RAld aULIORE anBPhy &f Behg S L@RBein either or
pol ypropyl ene, ABS resin, AS resin, pol ystyrene, ?yV|nyI chl ori de,

pol yvi nyl i dengthl b'Qrﬂ}QeoFQQ|Mlqrohaéﬁ&'szo‘i‘%§.BM$Qﬂiefché%ollow fiber membrane
tetrafl uoroet hyl ene-perfluoroal ykyl vinyl ether copol yner resin,

et hyl ene-t et namlater 08l e0ged AROLYTBIod AR ﬂous ing 1 by a potting material
tetrafl uoroet hyl ene- hexaf |l uoropropyl ene copol yner resin, polycarbonate,

pol yet her sketsanegig pal ¥ihenuhedeangiaess tl{@hfﬂhf@ﬁheﬁﬁiéw of £ nga'&QvPQé ymer

conpositions thereof 20 incorporating glass carbon fi l'ica

fine powder, scabh@sa FritRGrAONIGH @ al Bsp'-; K& a2pgh{dy tth%ugﬂ%mﬁ%iﬂﬁt@l s

such as stainless steel, alumnumalloy and titanium Although the housing

is not |inited #iked 8§ sé:*é%iﬁgeéaeﬁmuté'v(%ttl 4Gy af %nsm%utsme

remar kabl e effects when the housing has | ar ge %laneter . g. , outer

di aneter 25 Qflrvg@rtstQQQ:fnfﬂe Jhe £hBl %%%£t15@%&%u%hwwh&@ehe oy & d

and can be selected appropriately accordi'ng to the used water pressure of

the module. 13rbBécior 28@0n8116¢ fAbRTCAbmbAMRNIEOPp&PNPrises a rib 3 and/or
aring 4 enbedded in the potting portion 6 as shomm In Fig. 1 in order to

10 The module housing indicates a module case or a cartridge
case directly contacting the potting portion. Examples of the
material of housing includes polysu lfone, polyether sulfone,
polypropylene, ABS resin, AS resin, polystyrene, polyvinyl chloride,
polyvinylidene flucride, pelytetrafluoroethylene,

15 tetrafluorcethylene-perfluorcalykyl vinyl ether copolymer resin,
ethylene-tetraf luorcethylene copolymex resin,
tetrafiuoroethylene-hexafluoropropylene copolymer resin,
polycarbonate, polg;ether ketones, = polyphenylene ether,
polyphenylene sulfide, and polymer compositions thereof

20 incorporating glass fiber, carbon fiber, silica fine powder, carbon
fine powder or the 1like, and furthe'r includes metals such as stainless
steel, aluminum alloy and titanium. Alt“hough the housing is not
limited in size, the present invention particularly shows remarkable
effects when the housing has a large diameter, e.g., outer diameter

25 6f 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.



restrain transformati on of the potting portion 6 or maintain _durapjlity. 5
The rib preferably has a cross-section perpendicular to t ' na
direction of the hollow fiber nenbrane notule 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, radial shape and circular shape as shown in

Figs. 2 to 6 from thenyipgeWsBat Mnvhed Bn UBLARY1BeSURPL Planki6x POtL1ind04
portion and uniforminstallation of the hollow fiber nenbranes w thout

causing an UameCEREALN €eSRA%Eng! foitiennN e sifunhoh! Pl f1bex Srady ages
installed. The rib or ring is en%edded in the potting portion fixing the

end portion péstxaanhadaawrbierioeBy anes Yhidiy ARdtidd Rt imdinch3ni N
the state where a hollow portion thereof i's open without directly

contacting tdedvalkew. fi ber menbranes fromthe viewpoint of durability of
the potting portion. The term'enbedded herein includes a case where one

or whol espart of therdd biWprétdiht1y PLEI6ds - Ldbdith RAHhAYcROLL EORnel t 1S
preferred that the whole part of the 20 rib or ring I's é€nbedded in the

potting porticHyitRa@hEEQ1-8ct iV b tne G3TRGE f%%{- hembHidd ROadRYiL G dapeed by
r

the rib when the end portion of the hollow fiber nenbrane 1's cut to open

the hol | ow pantdceaatfiemeie grdiip a&lgmii%tof,tQ%:Bgsg,ﬁggﬁbmé cRUHap@W

fi ber nmenbrane caused by horizontal vibration o w f1 ber

menbranes duf ifa@ikesKapd iahlar atHbiRRE" 8hh ) o AGEESS ViR, C 281 P %’Eena' ly

attached to the rib or ring according to usage. For instance, a hook part
for hangi ngin@l BREChEAF Hhabe ¢ sRBURGIA Filgae SO & £Rbm it Lidy pdthtVBECH,

2006 10 The rib or ring is enbedded in the potting portion w thout
di r ect | yo conird@binf g rR0b$ AWefl HAAG i nGEHEF AR add @il 2blh N RAAE Leon of
the hollow fiber membranes without causing an unnecessary decrease
iﬁ the number of hollow fiber membranes installed.
The rib or ring is embedded in the potting portion fixing
the end portion of the hollow fiber membranes with a potting materiél
15  in the state where a hollow portion thereof is open without directly
contacting the hollow fiber membranes from the viewpoint of
durability of the potting portion. The term “embedded” herein
includes a case where one or whole part of the rib or ring is embedded
in the potting portion. It is preferred that the whole part of the
20 rib or ring is embedded in the potting portion in order to inhibit
damage of the cutting device caused by the rib when the end portion
of the hollow fiber membrane 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.



shoul d have chem cal resistance at a simlar level to the w . fi s
menbranes or housing. A material of the potting port ion < S

sufficient chenical resistance in a mass ¥orm soneti nes exhibits extrenely
inferior durability in a thin filmform Therefore, the rib or ring should
not contact the hollow fiber nenbrane directly. The present invention

includes a nodul e hawh@drii okl PLruis RAbeddsd 1% tife FPBEHLEy BBY¥L DN #ikhHE: but
not a rib, and a 10 nodul e having both a rib and a'ring. I'n the case of a

nmodul e havi n@ireety @chitBt 0l tBe holiod Eiber M bLBELESS BLY pbRRindRbbridd and
ring are enbedded without directly contacting the hollow fiber nenbranes,

and it is sufshbGh@nha®diemithdtriibhehcOfat D s8Rt 41 NGk eshaddadliow
wi thout directly contacting the hollow fiber nmenbranes. It is 15 preferred

that both rilxisee ddmbgtanbs RMRALAEd. Wzl oG SELLY poﬁem%%W%ﬁ heidw! | ow
fiber menbranes fromthe viewpoint of the durability of the potting

portion. Al thkeugbithesiksiagae HRmReN +&@ididcll ik dhadBdebhe Jomkek OMes

fiber nmenbrane is not limted, the m ninumdistance is preferably 20 1 nm

or more, nor exhipies akkyYrdmoly ™M Pfer e, aiddbity ML Pr SfhEf 2Pk Ym 2 £8PH OF
nore. The maxi mum di stance between the rib or ring and the closest holl ow

fiber menbram@eteréfe, rife i bRIrkdg PERSE@Nt HonrABE Ofnd GR31cWDESber
preferably 5 mmor less fromthe viewoint of securing the nunber of

hol I ow fi ber meRpbadd @S rebsi@l | @feigtelkBt R0l NG1cA0adh o ABESL LBLVESH t he

rib or ring and the closest hollow fiber nmenbrane to the rib or ring is
preferably 1ateid byt otDseriigel 8rmddvielndvidd al %109 iy @Bt NRI& Pr gharabl y

2 to 10 mm and nost preferably 2 11 to 5 nm 18 March, 2006 It is
preferremh t habadlé Navithg bawes AONSAE I AMhPf tH&he case of a module having
both 2 ring and a rib, it is not necessary that both rib. and ring
are embedded without directly contacting the hollow fiber membranes,
and it is sufficient enough that either of rib and ring is embedded
without directly contacting the hollow fiber membranes. It is
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 between 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 or more, and yet more preferably
2 mm or more. The maximum distance between the rib or ring and the
closest hollow fiber membréne 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 £iber 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



potting material and having a thickness of at least 1 mmig_laid t ween
the rib or ring and the hollow fiber nmenbpane fromthe 5 vm%%whe
durability of the potting material, though a |ayer consisting of other

materials can lie therebetween for the purpose of maintaining a certain

di stance or ore. The thickness of the filling layer is preferably 1.5 mm
or nore, nNore p erF”é‘rany 2 mm or nore. Al though the nmaxi mumthi ckness of
the filling layer is_10 not particularly limted, it is preferably 10 nm or

|l ess, nore preferabfy B ARGLTFEdsthibng tHel Mngupayer asnsdetiing nef tihe
nunber  of hoI%ow fiber mepbranes installed in the nodul e. The range of

the thi cknesReBY Ah&terirhgmdaparing »ridrickapsy of @ ierstnl mor &s laid
preferably 1b5 to 10.nm even nore preferably 2 to 10 mm and nost 15
preferably 2PF 8 ¥ hfieEFiRpPEsTHI9 rAnthstheomaliey efithery membrane efrom diteact
of the rsib or ri r}qwgnd t he. hol | ow fi ber nenbrane include (a) a nethod in
whi ch hol’l ow TR M eftb tRR TP L b vy the dott kog mesesirl, Shhugh lgylayer
same nmaterial as the potting material in advance and then the 20 bonded and
fixed hol | oW SHVEHIRENDT S5BEH MagrEinds gan Ale ddeanbetsaen For e hotrdsey

havi ng a rib%md/or r_ing fixed thereon, (b) a nethod in which a rib and/or
ring is pre-TCodlERRAPLTY He cextainedisiiaiceagr more poThé rhiwkness abf piticor t o
i nstalling t%fé&hol I gw fi ber menbrane bundle in the housing, (c) a nethod
in whi ch hol MG EPYRE N FReSeDab iy d -Sunll el Nerea Po¥R)-DyledpEablpod mm
conpri sing tcpe sane terial as the potting material and then installed
and set in a h&f&eng oHgh the maxdpymothickppss REdthe dildddngotaysre iisi ke.
18 l\/arcga 20{90 12 Ige gethod for fixing the rib on the inner wall of the
housi ng ™ i s Mot BECCBIPEY yHimlfeteqitFdfs PReferrddY LRAcmPi ord§she Rateher

preferably S mm or less from the viewpoint of securing the number

of hollow fiber membranes installed in the module. The range of

the thickness of the filling layer is preferably 1 to 10 mm, more

preferably 1.5 to 10 mm, even more preferably 2 to 10 ram, and most
15 preferably 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.



fixed directly on the inner wall of the housing by welding, ﬁ&&bingiign of

notches or screwing, or nolded integrally with the 5 inner

housing. Fig. 7 shows an exanple of the cd%e of . fixing the rib 3 and the

inner wall of the housing 1 by conbination of the notches 11. As shown in

Fig. 1, the rib 3 may be fixed on the inner wall of the housing 1 through

the ring 4 as descri bﬁféxﬂﬁc'h%\ﬂ-foﬂﬂ:@i%_stﬁéaéﬁooﬁl e%h@eﬁ'%l?%rs%%ﬁx%sih&ed
e

directly on the inner wall 10 of the ring or no Integrally with the

ring. The ri biér&lbtbﬁafﬂi@darﬂ%rfﬁﬁijt)édgn Etc:_tleihgpeﬁ'fcevyakhe OJ{‘:H:I R@yrﬁ@%ite}{er

wel di ng, conbi nation of notches or screw ng. Mreover, erib, the ring

and the innersmald aigfcthe BaUsiHRY ﬂ%érbﬁ-ratIE' dgd dyat erghﬁ.'-'ﬂn)g- ARG aiRE,
n

above, it is particularly preferred tha e ring and the housing are

mol ded 15 i nt@giahh¥ieddet REPcRE OB Sefagfn%f! Bi'l?nélﬁetiiﬁﬁﬁeeg@ré&%gg@ﬁig%hgn of

notches or screwing fromthe viewpoint of reduction int

parts, and easieshatl obr eng 9hieafo0 e § Rk SIRABILNG cFDSImdste of

the present invention can have a ring instead of or together wt

above- ment i ongGkihighena Beb 4 BHaNGR RnhiPGhhMNos 28 Cifou%‘iRBOI tb%”&orﬁﬂl%}aﬁ%ﬁi ng
portion transformng upon filtration or back wash and a-fundtion o

di stributing ¢iheaki foccHs€85. AG t poi ti t Ifiscally
on the boundary face oﬁ?{etshgﬁi n%tesr Qgc\?\gtplino?g?hce)f'h&i}gi ﬁg‘g adngﬁ?hg‘gg%){efingﬁ
portion. By aheaii{d30¢d1iC0f FRY: f ' [ an
have a potting. portionlr1 %%tgtgrht?gttsgﬁg ex FE“.Q?’F%’;J]’%’%L@%% ueréacg:?iﬁ%f.%&mg'

Al t hough t h_e methosd cEQ&, fehgl P, ﬁQ?He' B9k k Led géct‘.’f*/an ﬁ{e § NEe N QUS] ng
is not particularly limted, the ring is preferably 18 rch, 2006 13 fixed

directl yion tgethdpeng %'r&olfafedti}ﬁtéﬁggwgu% 4R %dé?é.’ TR ML 68 £9%kea

not ches, screwing, pinning or the lI'ike,“or 1s no
directly on the imner wall of the ring by welding, combination of

[4

notches or screwing. Moreover, the rib, the ring and the inner wall
of the housing may be molded integrally. Among the above, it is
particularly preferred that the ring and the housing are molded
15 integrally and then the pre-coated rib is fixed by combination of
notches or screwing from the Aviewpoint of reduction in the number
of parts, and easiness of pre-coating of the rib and assembling.
The module of the present invention can have a ring instead
of or together with the above-mentioned rib. The ring has a function
20 of supporting the potting portion transforming upon filtration or
back wash and a function of distributing shearing stress acting on
the potting portion, specifically on the boundary face of the inner
wall of the housing and the potting portion. By arranging the ring,
the module of the present invention can have a potting. portion

25 structure exhibiting higher durability.
Although the method for fixing the ring on the inner wall

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



integrally with the inner wall of the housing. It is preferred that or
two rings are arranged per 5 potting portion fromthe vie@ébﬁh%ﬁg{gﬁﬁgping
the potting portion fluid tight. The ringis preferably arranged so that

its ring-shaped base or upper face is parallel to the end face of the
potting portion fromthe viewpoint of restraining generation of air

pockets upon ficast | digreatdy@inNtiden HgherhaluNGH Ofhedf hEtHARGT Uy Grelieng,
potting 10 portion. The external angle portion of the ring is preferably

subj ected to dnirineesshRFE LPfARERS Stdi@eWiay, Midngot RBe QAKBEIJr {6 L abae
vi ewpoi nt of distributing the stress applied on the potting portion in the

vicinity of theegicraglyExatmltbe {sederRUICoESthONWusydynal sectional views)
of the inner wall of the housing of the nodule which is nolded integrally

wWith a R-processed rimg i@’ pres&orsu ithaki 88 &3 ¢l 2hgsHarei ArrddyRaRpyal ue
(radius of rounding .corner) of R-processing applied to the external angle

portion ob tpwtingOpdstipheteomiing 20ewoiRR % KEUR R ehe Rk ¥ndDck@16Q 8,
of 20 the width of the projection of the ring ((inner dianmeter of the

housi ng i nnereldiiandighit . Of TH i rg 14 préLardHi1gNatAG ghadaidt 110f rERfshiapea t he
effects of distributing stress and supporting the potting portion.

Al t hough t he Hazeast appef rhle ik Pard 13 e10te RAL tHNAUEREd Yf the foltFihg@PorkhEnr i NG
is preferably arranged in the center part of the potting thickness as shown

in Fig. 23, whem pnstvoigoinbdof Sredtiraifedy ddhdrla@18Rtd# RArPPs&k&s ubbnt he
case of arranging two rings in the 14 18 March, 2006 potting portion, the

rings are prefaetahyyand aa0ethialingquae fufb@IofAlcF auppbeoving Nl Hot2dng
Al t hough Fig. 24 shows an exanpl e
10 portion.

The external angle portion of the ring is preferably
subjected to R-processing (processing for rounding the corner) from
the viewpoint of distributing the stress applied on the potting
portion in the vicinity of the ring. Examples (schematic

15 longitudinal sectional views) of the 1hner 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 is preferably 20 to 80 %, more preferably 40 to 60 %, of

20 the width of the projection of the ring {(inner diameter of the
housing inner diameter of the ring)/2) from the viewpoint of securing
the effects of distributing stress and supporting the potting
portion.

Although the location of the ring is not particularly

25 limited, the ring is preferably arranged in the center part of the

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

in the potting portion. 1In the case of arranging two rings in the -



in which the two rings have the sane thickness, the thicknﬁgf naé 2@0?
different. The relation that (al)=(a3)x2 Ef preferably ful I g.
23, and the relation that (bl) =(b3) x3 isS 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
direction, anePEiingnde@itiench theprosast aren prefiereblyhiagkaesed ohtt legual
potting portion. As to the relation between the 10 inner dianmeter of the
ring and thati®fexvidshausiheyn ihdigat 26. oRlthhegh figr 24 ahewer awfexample
housing to that of the ring, i.e., the value of d2/dl in Fig. 23 and the
val ue of e2/eln Wriphgthe Awoj xingsy bhee atiiey sen@5Stitickhe8d8, flemthhek vésvpey nt

of distributing stress and securing the nunber of hollow fiber nenbranes
instal | ed. 15PvBi&kmrant.t Hihearetlatd ot theltriedd =04 31 ¥2is pogfedhlghfuls iflhed
thickness of the ring in the case of arranging a ring in one place (a2 in
Fig. 23)°%anditaFigt 2B, ehildhreedadion bati(ipgd =i b3 I 1keis prefafatdry fuldgiingedi ngs
in tw places (b2x2 in Fig. 24), is preferably 15 to 75 % of the thickness
of the potti g Féstidh fHeomirhea¥iandbBneawdf reppaonttisng dfanke fxint ithe
portion and distributing stress. In the hollow fiber nenbrane nodul e of the
present i nverftites, endfachowh the Pottinl potticn oetlss cedteéhasf ahdixinggin
device 8 is arranged outside the end face of the potting portion 6 on the
side of the Uhsl Ihhckpérs diweabriore wnthabdpend hdl kavh popresents bat antiab| y
wi thout 25 closing the end of the openings of the hollow fiber menbrane
from the vi &h¥6cknesefofr &berpdtliing pbetioranshisrmathenrefattioa petwdengthe
porthon. Particularly, the remarkable effects are achieved by 15 18 March,
2006 "ar r ¥hgi AgreRediametey @6vike dingt hedcthat off &hédiduwsingi behe nohibeof used

for so-called external pressure filtration, in which raw water
the inner diameter of the housing to that of the ring, i.e., the

value of d2/dl in Fig. 23 and the value of e2/el in Fig. 24, is
preferably 1.05 to 1.33 from the viewpoint of distributing stress
and securing the number of holiow 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 arranging 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 i.s 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 menbrane from
thg viewpoint of restraining the transformation of the potting

portion. Particularly, the remarkable effects are achieved by



I's supplied fromthe outer surface of the hollow fiber nmenbrane and
filtrate water penetrates toward the inner surface side thi8Marchs 2006 he
external pressure filtration, pressure istapplied fromthe side where the
hol | ow fi ber nmenbrane exists toward the outer end f ace of the potting
portion upon supplying raw water. Al though the pressure is applied by

filtrate wat errbngimg hheofiein e@dviaeei®fthel bEsOWB{ aNGoPOEY 1138 ot-OMG S o he
side where the hollow fi ber nmenbrane 10 exists at the time of back wash,

t he durati onuskdbfaoksovasilled estieynas iiclsGOERANeSat forf N€n fhlith HawiPater
duration in the actual operation. Therefore, the stress applied to the

potting port densugpitetl Aoy oReeoRETrhBE X ERE hodllol i dilvedthdibranaBldy
the stress fromthe side where the hollow fiber nenbrane exists toward the

outer end faééltsatd wWaterppdddti@atper tdwdird k@b flicer 8RFR0e JRRNSHE Aol Vi NY
force against the transformation stress in the direction toward the outer

end face of ThetlpotekitagnyD predsufd iPi1RGa 880 CRraBEEABS aﬂpﬂéﬁﬁbﬂ{echefmans
for restraining the transformation of the potting portion.” The fiXxing

devi ce conpr k$ds whereaRe Mok £ BPE dnemdPaRdl &t {dtQN tBRALA Qhe l€er ena
filtration water can be collected through the space fornmed by a frane

portion and facé iofi tie pettmg@oﬁfi&:hﬁﬁaﬂ%upbhﬁiﬁf%ﬁ wagred ;@.r)‘th%gh'ttﬂ
portions. The transformation of the potting portion Is restralined by the

frame porti opresshteh@spappiiledOby LOIEAHRS watle friok RHcISYELE chg PAle Idemi ted
in shape. Fromthe 25 viewpoint of inhibiting the potting portion from

strippi ng of thé potrtibd@oirbnes tekbld ahel SLad AHSEOEnANh 1 Hicwt £1duMt h&fbSiHeeSS
appljed to the potting portion, the cross-section of the frame portion 12

18 MarcHP 200®isi6: Bipeipende @f Back Gvddle tRO Gurdadioal ofdbhektvan 0F Ji§
hol | ow fi ber
short compared to the filtration duration in the actual operation.
Therefore, the stress applied to the potting portion almost always
becomes the stress at filtration, namely, the stress from the side
where the hollow fiber membrane exists toward the outer end face
15 , of the potting portion. For this reason, means for giving force
against the transformation stress in the direction téward 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 fixiné device is not limited in shape. From the
25 viewpoint of inhibiting 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



menbrane nodule is preferably in a circular shape, and thaa gf th 2006
e

partition portion 13 perpendicular to the longitudinal dir

hol | ow fi ber nenbrane nodule is preferabl ¥ in anyone of cross 5 shape,

| atti ce shape, radial shape, honeyconb shape and conbi ned shape of cross
or radial shape and circular shape as shown in Figs. 8 to 15. The materi al

of the fixingpeepeinegcirsaPref %%bll}én?if@iﬁ{ailahirQd.:{jfd.xf:‘tyft the hoRNS @aBLbY
external pressure. Exanples of the 10 material constructing the fixing

devi ce i ncl udfertaysUhddNR, is RRHNREASTy SW § QAREu1RP! HURPYLED Gha ABSE RS N,
AS resin, polystyrene, polyvinyl chloride, polyvinylidene fluoride,

pol yt et r af | uosetitybgnsortighr a! ?@Eﬁ&ﬁﬁﬁh@&'@'iﬂeEﬁhufélpé’imha1y&ﬂ@ct§5f?er

copol ymer resin, ethylene-tetrafl uoroethylene 15 copolymer resin,

tetrafl uor oetdy kRaoh e ich HOF RRIBRYLE B auLORE!DHIRELLEY In Y UFALPRRBES.
pol yet her ketones, pol yphenylene ether, polyphenylene sulfide, epoxy resin

not having ruahgle, | Li€rickl 3bbE! (Yadid 5h8pd | Kone B8 stldPet ink NEdntAhea and

pl astics thereof incorporating glass fiber, carbdon tiber, silica fine

powder, carbashad 6 ReoBSWICEa@ial @ﬁaF& kira EVELNG shASY alsNGldides TRbighs

such as stainless steel, alumnumalloy and titanium™ The Tixing device is
preferably arg aiegeg_ substantially w thout closing the end portion of the
openi ngs of the hollow fiber nmenbrane. There are sone cases where

transformation of thenRQidddid adS Pehbi AXIGGURRS cbNEs PHLRE-SBE, Barsaﬂce&?sxeof

to transformand contact the fixing devicé. In this“case, It is preferred
that R-procesmif#gcul®s BOPHES: ddiud NSy lerfiah ?P%@uﬂé).” | 2 e ENE£T ikib NO

deviﬁe at 17 18 March,. 2006 the part where contact wth the outer end face
of the pattingte@isl ORonstructing the fixing device include polysulfone,
polyether sulfone, polypropyiene, ABS resin, AS resin, polystyrene,
polyvinyl chloride, polyvinylidene fluoride,
polytetrafluoroethylene, tetrafluorcethylene-perfluorcalykyl
vinyl ether copolymer resin, ethylene—tetrafluofoethylene
15 ¢0P01ymer resin, tetrafluoroethylene-hexafluoropropylene
copolymer resin, polycarbonate, polyether ketones, polyphenylene
ether, polyphenylene sulfide, epoxy resin not having rubber-like
elasticity and the like, and mixtures thereof: and plastics thereof
incorporating glass fiber, carbon fiber, silica fine powder, carbon
20 fine powder or the like. F urther, they include metals such as
stainless steel, aluminum alloy‘and titanium.

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

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

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



may occur in order to prevent concentration of the stress ﬁggied E% Eye
transformati on of the potting portion injyhe vicinity of t Lt ce

with the fixing device. Exanples of such a fixing device 5 are shown in
Figs. 16(a) and 16(b). Fig. 16(b) is an A-A" sectional view of the fixing
devi ce shown hn Fig. 16%3%§ and the | ower side of the sectional view may
contact the TEiPeTRceedr ot HE thothe ot emer €ifgredstt thePABYINGPITHOn
menbrane nodule. Anot her exanple of nmeans for arranging the fixing device
10 subst anti SFF yCWHhdth RS i PrAEeEh $oBF e R hEA bith PR gL o fS tERES HAY6W

fi ber nmenbrape includes a nethod for arranging the fixing device on the
outer end faf& Yi® FRIHAMALIO B A i PPRELRG ROEt PRGN EheMickuity ofdhe This
method is nore _preferred in that a net arranged between the outer end face
of the potti Agt Bﬁeﬁqeoﬁlslh&hﬁw‘%wiinﬂi Ry 185 - d FHEWLEF AT E4Ch Ref 1 iRgsdoi®® i on
regi on ofsthe gog%ingafott ion into_snuller_ areas and reduces the

subst antihl FFRFEPEPNEL Fo9° ol 6{ Ad angokblibdg Joka-i bt IheRn Aeh heeebipmalper
menbrane nodule is connected directly to the piping of the filtrate water,
the fixing d¥VFE&LLERe By Aeyiee @hOMeirté'&gj-ofﬁ(wg fRé thalyower txide

hol | ow fi ber penbrane nodul e and the connecting piping. Depending on the
material's of °f FREPeEHPrRY YighFadsantact ithe pRken gndefaqa of dhebrotidasd on
the cap by, for, exanple, a nethod conprising integrating the cap and the
fixing devi cBBYRelCdi ferhodioy, fiber diemprapagmefukae |ike, a 25 net hod
conprising nelding the fixing device and the cap integrally, and a nethod
conpri si ng sandwi chi n§PPHRe? g%F“Hﬁl‘ﬂéﬁ'E%“l?yf?ﬁ@%@&?in%fthﬁh%imgl SFRY¥3eber

menby ane, nodul e and .t cap. Exanples 18 March, 2006 18 (perspective views)
e A L SRorh et s o vkt o Spbad RS Lo

fiber membrane includes a method for arranging the fixing device

-on the outer end face of the potting portion through a plastic or
~metal net. This method is more preferred in that a net arranged
between the outer end face of the potting portion and the fixing
15 device divides the transformation region of the potting portion into
smaller areas and reduces the substantial transformation of the
potting portion.
When the hollow fiber membrane module is connected
directly to the piping of the filtrate water, the fixing device can
20 be fixed on the cap joining the body of the hollow fiber membrane
module and the connecting piping. Depending on the materials of
a cap and a fixing device, the fixing device can be fixed on the
cap by, for example, a method comprising integrating the cap and
the fixing device by welding fixing, fusion fixing or the like, a
25 method comprising molding the fixing device and the cap integrally,
and a method comprising sandwiching the fixing device by the body -

of the hollow fiber membrane module and the cap. Examples



fi ber nmenbrane nodul e and the cap for use are shown in Fi gi. ﬁ? ehng i.g On
2.

the fixing device, a device for collecting the filtered wa
arranged. Exanpl es (perspective views) of ishe integrated 5 fixing device
and cap are shown in Figs. 19 to 21. As shown in Fig. 19, the
wat er-col | ecti ng device on the cap can be equipped with a connecting
pi pi ng connecty rat| ratus. and, the water-collectin Vi ce.
e shoun 1 Fro bR 20E ] SPRAAEL L Seien SRGTREER! 55 BRO A TN e
arranged on thg cap e | l.ow fiber nmenbrane cartridge i

ot RS oA b it P8 281 Tl 18R e 1o

installed in a tank equl ppe

possi bl o | ey DA PRI RS aee AT Ern o B b conaee -2 AtRe

bl ng arr anged and PEARIn EHARLER, (POrSREHon CHPEE) 52 Te e Ssd Sl
the 1 ixing aor cnshreia ah Stk b HPD o BLGTO%o o Yhe P g ot Eidan i n
noFig. 20, an O PUSTATGTI SEUH AL ARF CRAtReS ARG E e
seal | ng. mat ori e o8 PUBAHEY cFad IS ana Bioket i caPpritin: Spdcitiig,
fi ber  monbr and a7 Sorty s SR R hh0an Bt Shoa ey 5 TPF A Pram

of the pot t1 e Rersontedhidd PR S0 bR, RREAERE om B OGR 15 (he i mnor

of the potting portion. e bet'vie _
val | ~of tlb"e housi ng a%é&@h@%&l&‘évwffﬁ%rr lqgmr@xr'a%neeclagtridge is installed in

a tank equipped with a tube sheet, a similar fixing method to the

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 fixing on the tank is shown in Fig.
22. Fig. 22 shows an example (a pe:_cspective view) in which a £lange
- 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 ma.terials such as a sguare ring
and other specific f£lat 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 restraining considerable decrease

in chemical resistance of the potting portion. The distance between



preferably 1 mmor nore, nore preferably 1.5 nmor nore, even nore
preferably 2 nmor nore. Mreover, the distance between t } of
t he housi ng and the hollow fiber menbrane9cl osest to the 5 inner wall of
the housing is preferably 1 to 10 mm nore preferably 1.5 nmto 10 nm
even nore preferably 1 to 5 no, nost preferably 2 to 5 nm The nethod for

preventing tlge difRG! G9Rt @6t Ré ﬁ&fsiﬁ%[‘%?o%@ 'ho%okﬁ%it}ggsxjn.g&ﬁ% Qe

hol | ow fi ber nenbrane is sim ar to t preventlng rect contact

of the rib Obréfélgab@L?dl tumteoﬁ%clr%w #Ord lpggg Pﬁfﬂ{] e@;ﬁ%‘f@

Bet ween the 1 nner wa housi'hg “an ber rane,

filling | ayep-eQNSipsY gqm 9f Rt Lgp alhe2R %j% aenge@w%é;l Eﬁgg‘%ﬁeg 1

mnmor nore is preferably arranged he m hi hum ness "I ng

layer  i's moge Pl €rahldusked M0 he"%rosl?an%b%f%fnﬁm rae,,e%& 85201 % 2nm 15

or nore. Although the maxi ness 0 I'n ayer 1s no

[im ted, J heublickneshe endi (gia 4 3064 £35: 1, Cﬁrﬁ {agegvﬂpé%g m

or less fromthe viewpoi nt Sec

nenbranes i ngtall.ed,i po tnErF @?gﬁ ﬁaﬁg%efgggﬁyzgf tBhF Ml Q%S§ (?gertf%‘i%

filling layer 1s prefera nor e preferably

and even norg {prefar al&"h&rgﬁ ll? Jggl'exyreq'x%l.ngne ];TI&;{ tycgni].; ct o%}ﬂye-ml?lefl S A

potting material of the ¢ pre era has

har dness af tg41 CHEitIQ ﬁuéigt&c?céhfa Tlgg%ifb\ék%%r%e LEALEL o !

concentration of the stress-on the t m portio oane

potting portggn F?«Q%ﬁﬁmgb{:ﬁé '&rQE‘Ea&"iﬁ%ctOJfl ?}:HS ﬁ}%' é\]?\ly'ifnabﬂd [Eﬁgq{o‘i&%w' n

the interface of the potting portion har dness 1s nmeasured
by Dur ongt er g dREASrdfs hslfedBidita 2000 20pBtween the inner wall of the

housing and the hollow fiber membrane, a £illing layer consisting

of potting material and having a thickness of 1 mm or more is

preferably arranged. The minimum thickness of the filling layer

is more preferably 1.5 mm or more, and even more preferably 2 mm

15 or more. Although the maximum thickness of the £illing layer is

not limited, the thickness is preferably 10 mm or less, more

preferably 5 mm or less from the viewpoint of securing the number

of the hollow fiber membranes installed in the module. The range

of the thickneés of the £illing layer is preferably 1 to 10 mm, rﬁore

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 holloi-r 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 is measured by Durometer hardness test



according to Type A Duroneter disclosed in JIS-K6253. In the case_of a
resin of which hardness changes dependi ng on neasurenent t ~— he
har dness indicates a hardness at a tenpera®ure where the resin is used. As
the potting material, one or two liquid "type thernosetting resins having
flexibility after curing can be used. Exanples of the potting materi al

i nclude a Ure&&lﬁﬁ%ihssé&g%g 15?‘Du%n‘né{:é)ﬁﬁi&@f&%o‘gﬁﬁh.:r]f'?‘as-K%EES90'1ﬁ fﬁ&oﬁﬁéefi”d

further a rubber nodified epoxy resin obtalne y m'Xi ng or copolynerizing

rubber-like {f subsiancs %Qc%p(?f&)(-dﬁgfé ncﬂ&g}egp?detpeﬁagpgrélll 'IF suremen

elasticity. Anong these resins, the silicone Tresin such as silicone ruEber

I's preferred tdugdfatiife VI @MW 9aMtan8bs OAMICLES! %tﬁé‘ﬁﬁ-[els-gh%thgl LQ¥pdralELe
invention nmmy be a ho

menbr ane nodul e of the present I'ow f I ber “menbr ane

cartridge suppi-ednyrd@ngijRo, k8g. 15 either a filtration tank of tank type
filtration apparatus or outer case of rack type filtration apparatus. In

this cases the same nglerhadl AScdhg al?&’l?’%iorﬁr,‘t i&pequggtﬁd'sgh%&gggt'ggge

nodul e housi ng can be used as a naferia rcartri

hol I ow fi ber fREGaRee s {P ek lRk %ﬁ%@f@[ﬁﬁgg@f VL0fs f RAROHLAER! o7

in the range of a ultrafiltration nerrbrane el nafter erred to as OF

menbrane) or f&ﬁr{ﬁ&két6@%195.“&ﬁﬁﬁgnﬁ%ﬁéﬁ%{ﬁgﬁﬁﬂ d Ureithifle Lot Mha

menbrane) can be used. Int cas ration nmenbrane, a nmenbrane

having a fraCéﬂlQ'&oHQ'r%%S‘!h%r%gV\%%gQiigé S0t 9nd 2P0 Mal-a%%gl rdg-géea

preferred. In the case of t mcrofiltrati on nmenbrane,

having an avesiReg RRLSndibMRlGEa ¥y %&thjmgt %rl.éd#?ﬁlﬁveﬁ‘%ﬁ & " £ebndiRneka

t he average pore dianeter 1s neaslre y-an air thod di sclosed in
ASTM'F- 316- 86sunk@alVBd GRa &UN& 2dsin to impart rubber-like elasticity. Among

these resins, the silicone resin such as silicone rubber is preferred
from the viewpoint of ozone resistance.
The hollow fiber membrane module of the present invention
may be a hollow -fiber membrane cartridge supported by hanging in
15 either a filtration tank of tank type filtration apparatus or outer
case of rack type filtration apparatus. In tl_lis case, the same
materiall as the above-mentioned material for the module housing can
be used as a material 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) or microfiltration membrane
(hereinafter referred to as MF membrane) can be used. In the case
of ultrafiltration membrane, a membrane having a fraction molecular
weight of 3,000 to 100,000 Dalton is preferréd. In 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

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



Further, the hollow fiber menbrane preferably has a porosité of 30 to 90
% Herein, the porosity is calculated froma mass of a hol 06

menbrane saturated with water, a sinple vl une of the hollow fiber
menbrane (a volunme cal culated froman inner dianeter, outer 5 diameter and
| ength of the hollow fiber nmenbrane) and a specific density of a polyner

used. The matRemitabreontsd hblidwg1bEe maablkate el rABIPHABE: horodDly liem b ed
as long as it can be used for the above-nentioned menbrane or M-

menbrane. Fortd dgtancerdiic thd goi-adithols CaiRibtaderf 4 Nstdidess aBhisd ose
such as ethyl cellulose, cellulose acetate, cellulose diacetate and

cel l ul ose trifdberatambrpokysdiieted usithifatdr N 9imFNd vE1Eind 16k Othie ¥bDYbw
al cohol resin; acryl resin such as polyacrylonitrile and pol ynet hyl

met hacr yl at e £ibakoymitatas (£Sidluns s cad aR8hY¥dW lanCih Yy deamemalﬂvaéf dene
fluoride (PVDF); sulfone 15 resin such as pol yether sul fone and

pol ysul f obie; ddnmeter esid) 121gth oS tpel NELINAF i8keNRYAnRY! %63 hekpLbific
ketone; and the like. The material for M- nmenbrane includes polyolef ins

such as pol yéehyiener pebyphepylseae and pol ybutene; fluoro resin such as
et hyl ene-tetrafl uoroet hyl ene copol yner, polyvinylidene fluoride, 20

tetrafl uoroet hyl ene- hephaf hi©&LR10RB¥LSRCLEORRY YHBI héIbw2Eiber membrane is
tetrafl uoroet hyl ene-perfl uoroal kyl vi nyl et her copol ynmer; sulfone resin such

as pol ysul f onet ahthitaldy ashesns Wsf @8ecary ibdY hsdh CEHP! the 88bve-nr¢ 1bh8a ! ke
Among them chloro resin and fluoro resin are preferred fromthe viewpoi nt

of ozone reshehanoe: of MF B AnEE N FHNAK taRRS!, | dHY hafbRad\Woiesr hBRLFRKII €
of the present invention with sufficient pressure resistance w thout
t hi ckeni Hy t hechodds nepilenbisensudde ped i 1 10baA 181 38E | ehe DiuloBe d2etate,
cellulose diacetate and cellulose triacetate: polyamides such as
6-nylon and 6,6-nylon; vinyl alcohol resin; acryl resin such as
polyacrylonitrile and polymethyl methacrylate; halogenated resin
such as polyvinyl chloride, polyvinylidene filuoride (PVDF); sulfone
15 resin such as polyether sulfone and polysulfone; ether resin such
as polyether ketone and polyether ether ketone; and the like. The
material for MF membrane includes polyolefins such as polyethylene,
polypropylene and polybutene; fluoro resin such as
ethylene-tetrafluoroethylene copolymer, polyvinylidene fluoride,
20 tetrafluoroethylene-hexafluoropropylene copolymer and
tetrafluoroethylene-perfluoroalkylvinylether copolymer; suifone
resin such as polysulfone and polyether sulfone; vinyl alcochol
resin; and the like. Among them, chloro resi_n and fluoro resin are
preferred from the viewpoint 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



18 March, 2006 nodul e, the nodul e exhibits sufficient pressure resistance
even when the potting portion has a thickness of 30 to 12 T hod
for producing the hollow fiber menbrane nd8lule of the present invention
conprises, for instance, the followwng 5 steps. A plurality of the holl ow
fi ber menbranes produced by thermally or concentration induced phase

separati on nmenhdule vitter ebdulet dyehibthes ey ci 86t peds Phasts SIeRanat e9Bn RBkR0d
i ncl udes exanples of JP-A-2001-62267, are bundled and installed in a

housi ng havi ngha pdtitingepattionehas de tHiekaeks &0 iheosige where the hol | ow
portion 10 of the hollow fiber nmenbranes is to be open, the hollow portion

of the end portion i sTseakebod forduaaneingdnehail 12wt idr@nBaddide a
fixing portion corresponding to the flange as shown in Fig. 25 is

arranged. |n ehelraprenbet eimenenon’ OORHSISRE i $o2PPhdtQfck? Vhdarshlowdhgnp
or housing, the hollow portion of the end portion is fastened 15 and

secured by a skgpsnut At @lavaeliity esk €ie resilow MRSV QenbLihdd GHraaiudaanier
the hollow portion is to be sealed and an inlet for .supplying raw water

is to be arr atiyethalay piruraldenyratidibfasbedPpHasd 88pSraS v WK WHele1R7
are arranged in parallel to the hollow fiber nenbrane in advance and a

bondi ng jig dheshbewmdilyFigouddl phasi) sbpseatfsh ABEh&ESHEPGadd ekBRpTEPLRY
portion to avoid | eaking of the resin. The above-nenti oned housi ng having

bondi ng ji gs H-Aangell-6zu67Toahe shikR eldsan®t Aisachiand id WihduBhy i K 1Rt g7 i al
Is injected to both sides by centrifugal force. In Figs. 25 and 26,

numeral - 18 fl@pgesentieasidsitheirBpect ioon thel £lde AGELE AN hbO1 &N Sdeithdn Of
25 the potting material used, heating at about 40 to 80 Cis sonetines

requi r ed10 Af tofr the groddowi fidebrt membiaseessats behepdio! thathdRlod pidttidrSof
cured, the rotation is stopped and the bonding jigs are detached. 23

the end portion is sealed in advance and then a bonding jig having

a fixing portion corresponding to the flange as shown in Fig. 25

is arranged. In the case where screw processing is applied to V-band,

cramp or housing, the hollow portion of the end portion is fastened

15 and secured by a cap nut to avoid leak of resin. Moreover, on the

side where the hollow portion is to be sealed and an inlet for

.supplying raw water is to be arranged, a plurality of tube-shaped

tools as shown in Fig. 27 are arranged in parallel tc the hollow

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

20 inserted and secured in the piping portion to avoid leaking of the

resin. The above-mentioned housing having bonding jigs arranged

at both sides is rotated and liquid potting material is injected

to both sides by centrifugal force. In Figs. 25 and 26, numeral

-18 represents a resin injection inlet. According to the kind of
25 the potting material used, heating at about 40 to 80 °C is sometimes

required. After a prescribed time passes and the potting material

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



18 March, 2006 On the side where the hollow portion is to we& ‘J S
bonded end portion is cut by a rotation round saw or the a8t t he
hol l ow portion of the hollow fiber nenbrgtge. Further, on the side where
the hollow portion is to be sealed and the inlet for supplying raw 5 water
Is to be open, the external pressure filtration type nenbrane nodul e of

t he present i Aueilte shde witerh Uol hetlew fidrttenedi svabeie apenonmes bdeded @ndbe
produced by renovi ng tube-shaped tools as shown in Fig. 24. Although the
modul e of t hePp¥lesunts icutdnt & o tesinobeousddawldr ehbHeikef 5 opern caklird low
internal pressure type filtration nmethod or for so-called external
pressure typeP®Ftionapforthenbohddy fitbegamemieraredy anirgreaysody theedidd where
particular for the external pressure type filtration nmethod in which raw
wat er i s suppthiedofilompdrtiont s toshe fsaadedi aiel ahetira ctoFbOWuppDPimnaaw
bundl e and penetrated water is 15 collected fromthe inner surface side.
Furt her, the vWkhn &s dfo bhopepr adentxtearailt prosssae £ retedn Ay Balbrane
resi stance and can be advantageously used, for instance, for the
filtration nendrbde nfttie ppeesencdavehtibamnemiandedlliddter £ eridewetdc aral
pressure type filtration nmethod in the presence of ozone. 20 Since

non- penet r at eene srideani cantbeapeudutal &y @BmMbNENY Wbk -sBapddAadeoss 0es Ghholhe
hol | ow fi ber nenbrane in the external pressure filtration nmethod using a
hol | ow fi ber ¥edfdgand4nodul e, the filtration operation can be continued
nore stably by periodically conducting air bubbling, back wash, flushing
or plural physical washltlzimgbetle medudaafhihs palesthe axeatnah dancks uwsed
filtration method by hollow fiber nenbrane nodul e are described in WO
00/ 6312219r tgidherj Rer sttcalled internal pressure type filtration method or

for so-called external pressure type filtration method, it can be
advantageously used in particular for the external pressure type
filtration method in which raw water is supplied from the outer
surface side of the hollow membrane bundle and penetrated water is

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, far 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 accumilates on the outer
surface side of the hollow fiber membrane in the external pressure
filtration method using a hollow fiber membrane module, the
filtration operation can be continued more stably by periodically
conducting air bubbl ing, back wash, £lus hing or plural physical wash.

257 Detailed examples of the external pressure filtration method by

hollow fiber membrane module are described in WO 00/63122 or the

like.



18 March, 2006 The nodul e of the present invention dennnstlgﬁﬁs g&ri;i
effects in the filtration method using ozgne, too. As a 2 I ng
and di ssolving ozone to raw water, a nethod for pronoting dissolution of
ozone to raw water using an ejector can be applied 5 in addition to a

met hod using a gas scattering tube or U-tube. Further, a nmethod conprising
m xi ng ozone to filtrdhe padeke jafstthgd prefentvinvahbion cdesmswatbes more
contai ni ng ozone as back wash water can becone an effective nethod for
decr easi ng d&EESFIOT dRithe Bilatrion nediiek ioinmbzome, pobti Mg paetthod fofr t he
hol | ow fi ber penbrane nodul e 10 and al so deconposi ng contam nants on the
nmenbr ane f acBibingEndatistelvidgoneosartheawupptdmd acine bissd ot pnomatsing or
intermttently. According to the above-nentioned construction, the nodule
of the pres8hESqINEdan| ofh azanenbd mad wapenatsilngl apredestve casibst apwkiedyer

a long period even under a severe condition such as ozone 15 concentration
of 0.3 to 3 My/rddibigaptesatee thodfusing exgapl ssatfeding pubsent Unwdwrt.i on
are explained referring to Exanples. In Exanples, JIS- A hardness of 20 the
potting nat efPEihafasa medbod ad mpyisiny péxindorone ter £ tidnttessa terel eyt eall

JI S-K6253 (manufactured and sold by Koubunshi Keiki Co., Ltd., Asker A
type). 25 RePEr@fceatsmris vse wagesl pontatrdng pesie asr epak echdly watea Rgn

C- 4403 (trade nane) manufactured and sold by N ppon Pol yurethane I ndustry
Co., Ltd. aRecPmeaph affantiye wethédfor decreamicigNddpetidraticde hamesonds

March, 2006 25
oxidation of the potting portion of the hollow £fiber membrane module

10 and also decomposing contaminants on the membrane face by axidation.
Ozone can be supplied either continuously or intermittently.
According to the above-mentioned construction, the module of the
present invention can maintain practical pressure resistance over
@ long period even under a severe condition such as ozone

15 concentration of 0.3 to 3 mg/L.

Examples

Hereinafter, examples of the present invention are
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 prepared by mixing C-4403 (trade
name) manufactured and sold by Nippon Polyurethane Industry Co.,

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



manuf actured and sold by the sane conpany as a curing agent at a_ nass

ratio (main/curing) of 63/37 was fed to a flanged housi ng 4BJMMarch, 2006
di anet er/outer dianeter: 169 nmi 183 mm) nd&te of ABS resin in plural tines,
and left at an anbient tenperature of 30 C for 4 hours to 5 cure. Then,
heat settling was conducted at 50 C for 16 hours to prepare a potting

portion havi mprafabioked shdobo 68 BYMthEeE8hE, cabipand adH TeSagad el a¥rhng
of the urethane resin used as the potting material was 95 a? 25 C and 90

at 40 C. Subsegpserddip, (rdie/alo¥Rg MeRte30RQdrd0kSd 89 af #1ldn8da Mol n&_Qihlhgr

urethane resin was installed through a flat packing in a cylindrica

pressure contdiiametenpolet«df a5mdtdr@SseS nARk 8 8 hh) GhtdePBE AR Wd 1 nd f P300S
having bolt holes. On the flange portion of the housing, a fixing device

bei ng nol ded dimkegr &hd Vi Wit Bt A f laﬂigggnpqéfqng)tgr?gh}:e o@bss"((ﬁggrcgg}?){}dg@ pg a

partition portion having a cross-shaped Secti on erern

roove for Ol IS omite arranged _through the. O-ring and secured
\?vith bl oté. g%g t eenpr[é‘%% 3Seevi\%§'3ﬂ9a"l' F%&EGF%%&UISPCQ F?rpf%s}?&&’irﬁzéﬂ

fromthe side_where the fixi n% devi ce was not arranged using warm wat er
havi ng a tenp&ratt? & PV IRIPE LIRBLRVANE Ptk esp of0FF WPa. HpRehn t HES-A
transformati?lnr f 20 the potting portion was observed, the farthest portion
fromthe -porfi oneiﬂp?)%‘elle&“fi}n?ﬁéf fihe FFeibine rqFinaneepord ithe aegting
partition portion) was nost largely transformed in the end face of the
potting por PRERTLRY afe 9BhatkesS and 12T evicdOb¥t.ween before and after
pressuri zation (before and after transformation) was 2 nm The 25

above- nment i oned hydr auFPespreenilyi. z bhé crbaves meohiomad tholiein@ 46 1 leduwsth but

no destruction such as cracks of the potting portion was observed. 26 18
Mar ch, 2%6 the urethane resin was installed through a flat packing in a

cylindrical pressure container made of stainless steel and equipped
with a flange having bolt holes. On the flange portion of the housing,
a fixing device being molded integrally with a f£lange having bolt
holes and comprising a partition 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
container was hydraulically pressurized from the side where the .
fixing device was not arranged using warm water having a temperature
of 40x1 °C under a pressure of 300 KPa. When the transformation of
20 the potting portion was observed, the farthest portion f£rom the
portion supported by the fixing device (frame portion and bartition
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.



Ref erence Exanple 2 The main agent and curing agent of SU J!7E6& St{laggpgame)

manuf actured and sold by Sanyu Rec Co., Ltd. were m xed at tio
(main/curing) of 20/80 and then fed in pldral times to a flanged housi ng
(inner dianmeter/outer dianeter: 169 mm 183 M) nmade of ABS resin and
having a ring (inner dianeter: 160 mnm thickness: 15 nm R-processing: 2
nmMR) nol ded integrally with the housing, as showmn in Fig. 23. After

| eavi ng at an anbi ent tenperature of 40 C for 10 4 hours to cure, heat
settling was HafeFsBre cormdiee@ at 60C for 20 hours to prepare a potting
portion 65 mmthick conprising a urethane resin as a potting material .
Herein, JIS-A har dnessThe main aggrithgndfcutimguagéiianE sesiT6Mdsrdde atamdh C
and 71 at 60C. Subsequently, the above-nentioned housing filled with 15
t he ur et hane MeegfachiiEed padabobdl byhSeugh Red Cat , Jaski Rgré mixedcyt indakeal
pressure container made of stainless steel and equipped wth a flange
havi ng boft H&tde (mednymeringhgt 2p68¢ mnd tofentfd tropbargl, tifed taangatguice
bei ng equi pped with a flange having bolt holes and conprising a partition
portion havi MGUE1RY dtinpest dinmedery heteoiianete 20 15hame 133 Mh) adbaroshape
and cross shape (Fig. 29 wherein groove for Oring is omtted) was
arranged t hr &§hntansd Daving aantng i dedewi ditamdilent: S160TRAN, tHIknpEES SIF fim,
contai ner was hydraulically pressurized fromthe side where the fixing
devi ce was n&rPEPFRFRIEW :ugi PR Waehtie daitndregitay iy gvizhi enPaicaising, s 4Rdwik
under a pressure of 300 KPa. 25 Wen the transformation of the potting
portion was éBsBiged3.t heftarelkeripordt @i SkbisitNdefpbyathie GeNkbale for
circular partition portion of the fixing device was nost |argely

transformed inhbdves eitd cu@e® HEatVRtR11R900ad FudfenbRecRddedd RET i sapd

the difference of the thickness before
20 hours to prepare a potting portion 65 mm thick comprising a

urethane resin as a potting material. Herein, JIS-A hardness after
curing of the urethane resin was 78 at 25 °C and 71 at 60°C.

Subsequently., the above-mentioned housing filled with

15 - the- urethane resin was installed through a flat packing in a

cylindrical pressure container made of stainless steel and equipped

with a flange having bolt holes. On the flange portion of the housing,

@ fixing device being equipped with a flange having bolt holes and

comprising a partition portion having a flat \section of the combined

20 shape of circular shape and cross shape (Fig. 29 wherein groove for

O-ring is omitted) was arranged through the 0O-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 40:1 °C under a pressure of 300 KPa.

25  When the transformation of the potting portion was observed, the

center portion surrcunded by the central circular partition portion

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




and after pressurization (before and after transfornation)1§§§ 2! gggéThe
above-nenti oned hydraulic pressurization was continued for © — but

no destruction such as cracks of the pottd7’ng portion 5 was observed.
Ref erence Exanple 3 A potting portion 60 mmthick conprising a silicone
rubber as a potting material was prepared by m xing agents A and B of

GoF 330 A)ok RgpoRatRy SEERLACLIH Rl Al RYo SrnloRll Alheds bERNGD

Co., Ltd. at a mass ratio (agent agent feeding e mxture to

a flanged hoaﬁhDﬂf&émﬁﬁésglz%tﬁi%gpt‘ﬁgfoz% %gggsfntifﬁrlg%ﬁggé&%@% ﬂngnsd% of

SUS-304 and having a ring (inner dianeter: _ ness:
R processi ngim? TKlabovaSnSReNhddhfu 3 odeb K6: DDA A SDSE A alds: Of

t he housi ng by wel ding, leaving t ousi n rﬁ)erat ure of

P 3 pour s "D hoki@aS Uit B UL SLUGLDEAy SABAUG LDMo D B2 RChbLL G Bhedidh ©

for 3 hours. Herein, JIS-A hardness atfter curl

was 60 ats boils 25hdeddd 60 C. Subsequently, the above-nentioned housing
filled with the 20 silicone rubber was installed through a flat packing in
a cylindrical pressure container nmade of stainless steel and equipped with
a flange having bolt holes. On the flange portion of the housing, a fixing

devi ce bei ngrgeuliRed eyl Iy | ange havi ng bolt holes and conprising a
partition portion haV|Eng Qéfaljcat section of the conbined shape of 25

circul ar shape and raﬂip@ttigﬁ%t%ﬁgg'%ﬁ.&o ; %%ﬁggﬁ%qé%t%gy%g& n ﬂé—

onmtted) was arranged throu _ rmn “sec S. en, the
pressure congaify xmﬁagaxgr_-fyih&éhkxpgfeeéégrngﬁﬁ RhoMd Reng'h JPrbRI Sy, 2006
side where the fixing device was fot" arrange us?na war mwat er having a
tenper atigr e Pfrafelnimd NHLA ARSI WS 9&&5&9 S osna s 1%ones co. , Ltd.

at a mass ratio (agent A/agent B) of 1/1, feeding the mixture to

a flanged housing (inner diameter/outer diameter: 157 mm/165 mm)

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 housing 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 £lat packing in a cylindrical
pressure container made of stainless steel and equipped with a flange
having bolt holes. On the flange portion of the housing, a fixing
device being equipped with a flange having bolt hoJ.es 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



transformation of the potting portion was observed, the end face OB t he

potting portion where the |argest transformati on was obser L

center of the portion surrounded by the éBntral circular partition portion

of the fixing device and the center of the six portions divided by the
partition portion extending fromthe central circle partition portion
toward. the fsadewberd itha fariing Bevibé GkBest arbahi;@BReaghakArRtBRGAhE!

pressuri zation (before and after 10 transformation) in each portion was 2

mm The above- t@igdrarage WA sild ecphesSUTd fzafags\eéé SPMd%ed. fillen?3le
hours, but no destruction such as cracks of the potting portion was

observed. 15tRafHeREa81EX AR fes &J:ﬂ%gﬁﬁtb&&‘% g Qé%l}x}‘e%,t Rfie SAE ¢
structure as in Reference Exanp?e 3 prepare Sy

b | ding. ™ : g > ¢ :
Che Ting by merdree- tag BEEERARALEY cRETargHs? craheRoE0E Wi ordetita®

aﬁe
I XIng a ring thereon

n

coent s Aant B or PR T Frd el NS UROTAl By B cRRRE k"

Toshi ba  Si §.601880R0pordfdk oft cAIBILLE O AAISHN MAAGEN D) BT ik Ly,

feeding the mxture to the above-nenti usi ng, Teaving

25 an anbi ergoxttqgggrﬁtvliﬁgd%fyl% %%%ti%n%%té?hf%ﬁ%ﬁingi}%g&%%gcfe(rixtral

conducting heat settling at reln, ness

after curing@icik lstjﬂtiisﬁ%rrt'itﬁﬂetrov)éﬁﬁ & @%alrgé;ggrﬁfgr{”aﬁg t{}{l%[ﬁgkd:%%gg

tenperature and 60 C. Further, e above-nen ousi ng

silicone rublger¥Rse Bakalé ednfhi@ygh %rLL§£r£E§¥ﬂoﬁg(%%f%r&ykhﬁd%k%ék
pressure
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 fixed on the ring
by welding,
20 Subsequently, a potting portion 60 mm thick comprising
a silicone rubber as a potting material was formed by mixing agents
A and B of T'SE-3337 ‘(trade name) manufactured and sold by GE Toshiba
Silicones Co., Ltd. at a mass ratio {agent Afagent 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

e "housSing at

29



cont ai ner made of stainless steel equipped with flange. Af 5 arr ing a
cap on the housing, hydraulic pressurization by water ha\i—ééa—ﬂéggeﬁ%ature
of 252 C under a pressure of 500 KPa was 29r epeat edl y conducted from both

sides of the cap alternately. The above-nentioned hydraulic pressurization
was repeated 10,000 tines, but no destruction such as cracks was observed

in the pottipg, oLt appl e 1 Four bundles conprising 1,200 PVDF
hol | ow fi ber “r;lpcro%"gﬁ raétgl g‘?ﬁ menbranes (i nner di aneter/outer dianeter:

por osi th 70 obt ar néd ! 5@%h%ﬁrﬁgﬁﬁ%%%ﬁe%ﬁbﬂgaéou‘%%fﬁ%ﬁ 55 i o
G amotor: 2a0raat Aay SrafpH e H5ug ﬁ#f%gpﬁéﬂﬂ%%rne}caéﬁg%%aﬂ‘ﬁa R U pped
21

with an inte nol d n nner d| 20 thic SS:

mm R-pr ocesg{;%éy maRee 35 gﬁ%éwie‘sﬁ Bty qu%ﬁge p"Fjé:ﬁ’arféG 9%n t eFi ng 4
of the h0#5|9 b3ma Ehgé' f VWi ch, was pre-coated |n

thick wit e GoBeR °1‘S s hovsing, hydragiic Rf?@&“ﬁi‘?aetriot’?i Wﬁﬁ’%&ent s
A and B at a mass ratl o of 1/1) manufactured and sold by GE Toshi ba
Silicones CoM@Vily 2 dfresabuke £IcRE83- Shapeert Paprewwineort HRAQ ¥Ras@spy
conbi nati on of notches. The above-nentioned four bundles of the holl ow
fiber menbr8PRRANRNY rartugtedditom brghapbies wénthomap Abteinafedrd tThen 18
March, 2006 30 collectively secured with a 3 mmthick ring-shaped tool nade
of TSE-33372 ?TFT“}?@%PBE‘Igﬁ’dqusls&ﬁééatimwh%F—‘BB@@W 19 99 Opfimese

hol | ow fi ber, nenbr.anes was seal ed and a bonding jig was attached.
_ - but no destruction such as cracks was observed in the potting portion

10
Example 1
Four bundles comprising 1,200 PVDF hollow fiber
microfiltration membranes (inner diameter/outer diameter:
0.70/1.25mm, average pore diameter according to ASTM 316-86: 0.2um,
15 porosity: 70%) obtained by the method described in JP-A-2001—62267
were prepared.
Subsequently, a flanged housing 1 (j:nner 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 mnR), 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



On the side where the flange was not arranged, a bonding jig was ttached
after arrangi ng 37 tube-shaped tools nade of pol ypropyl ene Mﬁlﬁgég—guter
di anmeter of 10 mm After the hollow fiber fenbranes and both end faces of

t he 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 (tr adelhestivealyX saguageRtithAaaddmB Blick rAB§Sshdptlll @08l dddd of
manuf actured and sold by GE Toshiba Silicones Co., Ltd., heat settling was

conducted at dBEad®ientOob ehpesiaieUst hdusing fGanSubse@uesiiloh pbPe dNBEGRRSArY
potting portion on the 15 flanged side was cut off to open the holl ow

portion of thbohbd¥ didbbihesmbranbs anas s2a2ad dride-5ihaaed §09hasoBttdhed.
opposite side were renoved to prepare a hollow fiber nenbrane cartridge

col l ecting wanethatsidnewissnh wher £1dt helsl avt RARtdngBal Sa HRalkelgand; Jhs
inlets for supplying raw water are open. The thickness of the potting 20

portion 6 Sf ahtachesliaftnt anargingoe Wabe 180 pEa Qb1 dd @f\%dg%f&?yle%d 30
nm on the opposite side. Herein, JIS-A hardness of silicone rubber "of

potting natehielnd anasubér aliaheter 25 Ganeh.60 C. Subsequently, the
above-nmentioned holl ow fiber nenbrane 25 cartridge was installed in a

flanged outer housing ABtdi£\theNH61Iod £ilble@Sashe:4RR! 8hdVotPdaattasdAbRl €ss
steal) through a flat packing 21 with a flanged side up as shown in Fig.

31. In Fig. 3the nabevainehlidhedhhoddDey 3kith 1Qpﬁ§:91{§3§{k?§ #F8roPeikhd by
portion for renoving both condensate and air in the hollow fiber menbrane
nodul e, and nesrAAlrfugll cAPEASERE 8n ambient temperature of 60 °C using a potting
19 material of TSE-3337 (trade name: mixing agents A and B at a mass
ratio of 1/1), manufactured and sold by GE Toshiba Silicones Co.,
Ltd., heat settling was conducted at an ambient temperature of 120
°C.
Subsequently, the unnecessary potting portion on the
15 flanged side was cut off to open the hollow portion of the hollow
fiber membranes 2 and tube-shaped tools on the opposite side were
removed to prepare a hollow fiber membrane cartridge oollecting
- water at one end where the hollow portion is sealed and 37 inlets
for supplying raw water are open. The thickness of the potting
20 - portion 6 of the resultant cartridge was 100 mm on the f£langed side
and 30 mm on the opposite side.
Herein, JI_S—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
pPressure gontainer made of stainless steal) through a flat packing

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



a nozzle for renoving air. Further, a nolded article prepar b
integrally nolding a fixing device 8 having partition port'1 ra h ch
flat section is in a conbined shape of ci¥cul ar shape and radial shape
(Fig. 10 wherein groove for Oring is omtted), a flange 16 and a cap 7
was arranged on the flange of the housing 1 through an O-ring 9, and

secured with MOtgpﬁQsexﬂﬂ’seaﬂm;%hihgl{sjﬂ:@owfa\ﬁ&em‘wbhg?m tondurdatl arta
pressurization with warmwater at a 10 tenperature of 43*2 C under a

pressure of 30& KPahewhoTivw\Esber RABLESH YhoaQndUEndndnayat be 2pdesoits
fixing device and the opposite side alternately. In this test, the anount

of the ozone agaszubs faadirufd€ithgb¥ifdOSFAgtREPNQ MB1EEE Ak BY ¥ai:@pat-8d by
supplied with an ejector so that the concentration of the ozone water be

10 ng/L. 15 Ahtegrakppadolagng e £aRoye deRathon etviygPidtit iBh asstibaatéon by
ozone water (90 sec/cycle) 15,000 tines, the potting portion was checked

and neither cbsthfkit@ecki6h 139rC4 86KbIa SRARYIEE cobch e shuld aNa Lhlei
menbr ane was observed therein. Further, the repeating pressurization test

was restart edhapét @Fid.neopieseihi gaddven £8Rso 20 LR ainid +2Q) , 0 1hhgBS1 ¢ N
total, the potting portion was again checked and neither the destruction

such as cracknfiof cipmagess abrédgadiohl @ fliehge JEFREAMIARY PPEIROUEH  an
Further, the evaluation by repeating pressurization was continued. After

repeating the-piegssyiaadi &tburdd, WOEnt boBs b, t Ol odthe RELELIRAG POIEdHN
was agai n checked and 25 neither destruction such as crack nor damages of

t he hol | ow f Ebejectmihbranayaraudis epyressurdigtabaV ey Nt ke dwkePeakitNt
pressuri zation test corresponds to a filtration operation for four 32 18

March, 2006 ye@pérstioTeNdsthate tdeaaPel il vrs B£C%00CKORE BhIOD wdk
whi ch back wash is conducted at intervals of 30 mnutes. After the test,

repeatedly conducted from the side of fixing device and the opbosite

side alternately. In this test, the amount of the ozone gas was

adjusted by dosing ozone to the warm water to be supplied with an

ejector so that the concentration of the ozone wdter be 10 mg/L.

15 After repeating the above-mentioned hydraulic pressurization by

ozone water (90 sec/cycle) 15,000 times, the potting portion was

chet_:ked and neither destruction such as crack nor damages of tﬁe

hollow fiber membrane was observed therein. Further, the repeating

pressurization test was restarted. After the pressurization was

20 repeated 50,000 times in total, the potting portion was again checked

and neither the destruction such as crack nor damages of the hollow

fiber membrane was observed. Further, the evaluation by repeating

. Pressurization was continued. After répeating the pressurization

70,000 times in total, the potting portion was again checked and

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

membrane was observed. The above-mentioned repeating

pressurization test corresponds to a filtration operation for four



t he nodul e was dismantled and it was observed that the shortest gi éiﬁgce
bet ween the hol |l ow fi ber nenbrane and the _rib was 2 mm and c st

di stance between the holl ow fiber nenbrané“and the ring was 3 mmin the
potting portion. Exanple 2 Four bundles conprising 1,250 PVDF hol |l ow fi ber
10 microfiltration nmenbranes (inner diameter/outer dianmeter: 0.70/1.25 mm
aver age pore UPaRB(APPastes dihag tbe ASEMa316n86s 2 cgcle oparaddohyin Hhi%h
obtai ned by the nethod described in JP-A-2001-62267 were prepared.
Subsequent | y, P#fie vaBB\is perdudeddat dotebuatd e If miivetesd5 hotémowhéitest,
menbranes were installed in a housing 1 nade of SUS-304 (inner

di aret er / out eFP@|iRgfirler was s&isreBi iy hedhgith wak, 006ervgd anet thensisetesed
with a 3 mmthick ring-shaped tool nade of silicone rubber XE14-B7179
(trade nane; fftiimget belotbeanthe dlodlby fiBeFasdutrane Sild thaaesibOeas 2Ll ahd
Herein, this housing had a ring 4 (inner 20 dianeter: 145 mm thickness: 21
mm R- pr oPesstif)shorgsy) distamsiechetweden ighoPBw Abbaledembiag ahd yhairtihgt he
housing and a rib 3 having a cross-shaped flat section was arranged on the
ring by conbi¥giomnm dh the gledsingrpaddioni.on, the rib 3 was pre-coated in 2
mmthick by silicone rubber obtained by m xing agents A and B of
XE14-B7179 25 (trade nane; manufactured and sold by GE Toshiba Silicones
Co., Ltd.) at a nmass ratio (agent A/agent B) of 1/1. Further, on the side
of the flangé%¥PleeZhousi ng, the 18 March, 2006 33 5 hol |l ow portion of the
hol | ow fi ber nenbranes was seal ed and a bonding jig was attached. On the
side where the flange ¥®ir nbunddleangewgprising 1,250 PVDF hollow fiber

10 microfiltration membranes {inner diameter/outer diameter:
0.70/1.25 mm, average pore diameter accdording to ASTM 316-86: 0.2
pm, porosity: 70 %)} obtained by the method described in
JP-A-2001-62267 were prepared.

Subsequently, the above-mentioned four bundles of the

15 hollow fiber membranes were installed in a housing 1 made of SUS-304
(inner‘diameter/outer diameter: 155/165 mm, length: 1,000 mm) and
then secured with a 3 mm thick ring-shaped tool made of silicone
rubber XE14-B7179 (trade name: manufactured and sold by GE Toshiba
Silicones Co., Ltd.). Herein, this housing had a ring 4 (inner

20 diameter: 145 mm, thickness: 21 mm, R-processing: 3 mmR), as shown
in Fig. 23, molded integrally with the housing and a rib 3 having
a cross-shaped flat section was arranged on the ring by combination
of notches. In addition, the rib 3 was pre-coated in 2 mm thick
by silicone rubber obtained by mixing agents A and B of XE14-B7179%

25 (trade name; manufactured and sold by GE Toshiba Silicones Co., Ltd.)
at a mass ratio (agent A/agent B) of 1/1.

Further, on the side of the flange of the housing, the



a bonding jig was attached after arranging 37 tube-shaped fools Eﬁgﬁ of
pol ypropyl ene having an outer dianmeter of 10 mm The holl r anes
and both ends of the above-nentioned howsing with bonding jigs were fixed

by centrifugal casting at an anbient tenperature of 60 C using a potting
material of silicone rubber obtained by m xing agents A and B of XE14-B7179

d d d by.GE Toshi ba Sil.i .10
b mass rati O URRRLOUHERL O RB) Eay s S5 RARCHIB s EOAE MRaadhltrg,
fib nb | ' d hg h | i [
temper atur e 419 125 “tEhedi Tt AL FLE iBhaiid F3pnd8 acL BB e BReRE o

t off t hol | Lon of the hollow.fj 15
ube- shaped ¥ Sore-a, JERe=Ea8ehbadcder aftatund fa b 5 PERRS 305%= Al

fi ber nenbrang cartrid collecting water at one en ere the holl ow
portion was 95€aq°gL pgﬁﬂg 9 k‘%gggf Qs gi"?f&e eﬁ/vog/argrm'v\ere open. The

t hi ckness of the pottjn ortion t he resul t ant artridge was_ 10 on
t he flanéed si de and g}bgn@ﬁi%ﬂwtﬁgfbgﬁporg?'? ans§ s?rﬁig.{’?@rlei%ﬁds\ll _AQ_th
hardness of silicaone. rubb of, potfin terial was /8 at. both 2 nd 60
G Subsequentty < TRE RELREHTRORLE AOPLNS PLEs B renceY SRPTITagRTT was
installed in a flanged outer housing 19 (cylindrical 25 pressure C(_;Lnt ai ner
made of st ai THEEN9IsTeIP) 2 EghgFPIPanaturB Ak SRg CMS % A REYHIRISRITAE up
as shown in Fig. 31. Further, a nolded article prepared by inte rallﬁ

g a

mol di ng a fiSh Rdldecreauhben obgajped by mopénpadeateix ped B ot R

flat section in a conbi ned shape of circular sha%e and cross shape gFi g. 9
wherein gr OO%ald&rn@q)i Ip@'lufactured and sold by GE Toshiba Silicones Co., Ltd.

10 at a mass ratio (agent A/agent B) of 1/1.
After the above-ment ioned hollow £iber membrane cartridge
was subjected to the heat settling at an‘amb:l.ent 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
i5 tube-shaped tools on the opposite side were removed to prepare a
hollow fiber membrane cartridge collecting water a1_: 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 f_iber menbxrane
cartridge 1 was installed in a flanged outer housing 19 {cylindrical
25 pressure container made of stainless steal) through a flat packing
21 with a flanged side up as shown in Fig. 31. Further, a molded

article prepared by integrally molding a fixing device with



Is omtted) a flange and a cap 7 was arranged on the flange OE thﬁ Bﬁgsing
through an Oring 9 and secured with bolt 22. The outer 5 S
subj ected to hydraulic pressurization wi tBtwarm water having a tenperature

of 452 C under pressure of 200 KPa, which was repeatedly conducted from
the side of fixing device and the opposite side alternately. In this test,

the anmount of piiitasaNBogeforVasaviddl US ket DYe HAOHNNG nO20RENb Prhdd &HEBE NHPAL er
to be supplied with an 10 ejector so that the concentration of the ozone

water be 10 ngidculadf bRipd epRRLIFDSs tdiapaPo¥Es MNLHLRBEM Yol ESr 0-ring
pressuri zation by ozone water (90 sec/cycle) 20,000 tinmes, the potting

portion was cheekedtedr anehbRgs HRShIdHY HoRas$ l&%?aﬁge&roickhe FQGLngda gl ete Of
the hol |l ow fi ber nenbrane was observed. Further, 15 the repeating

pressuri zati Gibdsasly WRSoURS A bedindfd @indt BEcu LI BAiL O Ve d ehgaled
60,000 tinmes in total, the potting portion was again checked and neither

destructi @GN Swalsiag 197 AKX sU0)ec t AAPRAGEr &1 {1 Erd MU UAYat L HE Y1 PR WRERNE YRS

observed. Further, the repeating pressurization test was continued. After

repeat | ng. t hey R ar IHELZAANGB YA LS. LOLLOLAl oo LIS AR LA PRELT O

was again checke ner t estruction su as ‘crack nor ‘danages of the

pressuri zat| G ieacrusy PPRaR0REL #Fn M8 S BRI ERF D AR P SRa 7 v ropat s

[ th h ' [ ti ' i.,ch 25 back h i
Conduct od ar TireriaraaEidy o dei" R e, efpuat oFiche R oomage
di tled ' d t,.th haort est,  dist b h
ol Low 11 ber ansr e hr o g 91 58 G WA PP Re SBBALSE i oo

iSEO{ F:ES:) é?“t ?%@%Eg??%%%@tt Bfie O M LRELL THTREENS 40 8, i:engl.om@nsg/ g, m

After repeating the above-mentioned hydraulic

pressurization by ozone water (90 sec/cyclie) 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 _nof
damages of the hollow fiber membrane was observed. Further, the
fepeating pPressurization test was continued. After repeating the

20 pressurization 80,000 times in total, the potting portion was again
checked and neither destruction such as crack nor damages of the
hollow fiber membrane was observed. The above-mentioned repeating
pressurizati‘pn 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



Exanple 3 5 Four bundl es conprising 1,260 PVDF hol |l ow fiber_ 10

microfiltration menbranes (inner diameter/outer dianeter: 8 Mareho2000,
average pore dianeter according to ASTM 336-86: 0.2pin, porosity: 70 8)
obt ai ned by the nmet hod described in JP-A-2001-62267 were prepared. The
above-nentioned four bundles of the hollow fiber nenbranes were installed
in a flanged pt(l)éjs' nlg%mad . of SUS-304 (inner _dianeter/outer dianeter:
155/ 165 mm | ehgth® ,S(So‘gl%?)“.ceﬁﬁté*eeﬁo‘aﬁh@lm@fﬁtﬁﬁ'ﬁ?}wa\metwdaﬂﬁ RePg
(i nner di ameter. 3145 gm t hi ckness: 21 mm R-processing: 3 mR), as
shown, i n Fig.*%3.% Wi th Wes PREFGRY PFEi9Pegral Iy with the housing, and a
rib having a cross shaped section (Fig. 2 wherein groove for Oring is
omtted) was arranged on the ring 4 by conbination of notches. In
addi tion, theE}gi b.3 g/as pre-coated in 2 nmthick with silicone rubber
K3 g

obt ai ned by upa ents A and B of XE14-B7179 (trade nane) manufactured

and sold hy 20 CGE Toshiba Silicones Co., Ltd. at a mass ratio (agent
A agent BY of 1/1. Firt%er PuBflefhe Famprdedngi db- 250 + R¥PEar belifye BOBRY ng,
the hollow p f _the hollow fiber nmenbranes was sealed and then a

ortio
bonding jig v{%?’sclrg??g'é‘ﬂaet&"nm RHRIENGE wHPBeT he HpRAERT(RItaTot PBPgEeENhged,

a bonding jig was attached after arrangi ng 37 tube-shaped tools made of
pol ypr opyl eng)'ﬂg\ﬁnﬁs B GiYeEAgE Pareddemgter acaprdinghto ASTMo3 16-Ber 0. 2pm,
menbr anes and both ends of the 18 March, 2006 36 above-nenti oned housing
wi t h bondi ng Borgsitier 0% kebtpineasehy riheugstihodc@sst diridpedt 1radP a0 -62267

tenperature of 60 C using a potting materi al
were prepared.

\ 10 The above-mentioned four bundles of the hollow fiber
membranes were installed in a flanged housing made of SUS-304 (inner
diameter/outer diameter: 155/165 mm, length: 1,000 mmn). 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 é 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 obtained by mixing

agents A and B of XE14-B7179 (trade name) manufactured and sold by

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

of 1/1.

Further, on the flanged side of the cartridge housing,

the hollow portion of the hollow fiber membranes was sealed and then

a bonding jig was attached. On the side where the flange was not

25 arranged, a bonding jig was attached after arranging 37 tube-shaped
tools made of polypropylene having an outer diameter of 11 mm.

The hollow <fiber membranes and both ends of the



of silicone rubber of potting material obtained by m xing s A B
of XE14-B7179 (trade nane) manufactured and sold by GE Tos c3; nes
Co., Ltd. at a nmass ratio (agent Alagent Bp of 1/1. After the
above-nentioned holl ow fi ber menbrane cartridge was subjected to the post
heat treatnment at an anbient tenperature of 120 C, the unnecessary potting

material on taaowfréarngﬁdoﬁéé@mwaﬁng%&Tth%fndmgloﬁ% &J% bold Bgﬁﬁhgsg:g%& the

hol I ow fiber nmenbranes 10 and tube-shaped tool’s "on the opposite si wer e
oneend uher e e FE ol 1B nnreh s aiEe EECEF (R LT o Bor ety
Cartr dge wasC L0 aEosh FHEYT SaqBar Eins RaAELbL (R e b JLPE SOTss
side. Herein, - frer curing of silicone rybber of pottin
material was %éhgtf%ﬁ?%gg?%ﬁnétweﬁa’@aH%aé’dl?é‘ﬁf:}lwdFﬁg SQEJS\P@-%’EH%"&I‘?@%
hol | ow fi her artridge. 1 was installed in an outer_ housing 19
with a 'sc%gw ﬁg e_oq‘%%_ 8§ 'st%tf&rjfl 853 P ’:taitﬁBugﬂg%fht @/FﬂﬁﬁtQBWOFhlégf | anged
ntegral Ly molding a FFEFRSPaEPHE g AoBaN HROH SIOPF MOORSA PR iR
section in e S e, .of circular, shape and radi al  shape (Fig. 15
wher ei n grOO\%@%BBS}S%%%%IBJ%%P{:F&%% nHESREIFR AL Al pERRRE SRREREISe

housi ng t hr ougp EHQ’CO ingl 9, and then the outer housing 19 and ca 7 were
secured with Tapg2huf 29 PRBEGRRIATYNBRLT INY motewinl gpj the E4anges ﬁ&ﬁg‘? ¥8si c
pressurization wth warmwater having a tenperature 37 18 March, 2006 of
432 C under pFEsSafetBioRR0 thRpaholdnw RoRsion i dhedhglem fiibesoredhugneshe

side of fixin vj ce .and the opposite side alternately.
1b aqxdd %u{)e-shaped toolsp%n the opposite gide wereyremov‘ed to prepare

the hollow fiber membrane cartridge collecting water at one end where
tlée hollow portion was sealed and 37 inlets for supplying raw water
were open. The thickness of the potting portion of the resultant
cartridge was 110 mm on the flanged side and 30 mm on the opposite
15 side. | |
Herein, ‘JIS—A hardness after curing of silicone rubber
of potting material was 58 at both 25 °C and 60 °C.
Subsequently, the above-mentioned hollow fiber membrane
cartridge 1 was installed in an outer housing 19 with a screw made
20 of stainless steal through an O-ring 9 with a flanged side up as
shown in Fig. 32. Further, a molded article prepared by integrall!.y
molding a fixing device with partition portion having a flat section
in a combined shape of circular shape and radialﬂshape (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



In this test, the anbunt of the ozone gas was adj usted by flgi! ng % eto
the warmwater to be supplied with an ejegtor so that the I on

of the ozone water be 10 ng/L. After repe‘gti ng the above-nenti oned
hydraulic pressurization by ozone water (90 sec/cycle) 50,000 tinmes, the
potting portion was checked and neither destruction such as crack nor

damages of th& sptd twhakeproBsirabe MASKPHS Ghy 8 waEUrdgikeald cbhBucted
repeating pressurization test was restarted. After repeating

pressuri zat i @rohOthd@adki B Fiking Ul ice! BEa PGld bPFoPNd 5PHe WA 2HBESy .
checked and neither destruction such ag crack no?g%lamages of the Q—EO;H- ow

fiber nenbrane wass alaser,vege dnduhiebs the &Y)%Ug&é QR sPYa 1A ERRABY Bos 1n

pressuri zation was continued. After repeating 15 pressurization” 160, 0

tinmes in totakonéhe BAbtHIG PREL 4D ¥ESWHIALRA wIECKE Jgem eld it
destruction such as crack nor damages of the holl OW]EL; erogeénéorglng %?S

obser ved.s Theoabeyerd@ohi epethd eR8akI ﬁﬂteﬁr&sﬁﬁrﬁgﬁﬂj on test corresponds to
a filtration operation for 9.3 years supposing that the operation is a

cycle operation in whiaghe20 bagieMash istﬁ&”duﬁoﬁ%-ﬁkn%{l&r@avm § g{.a@_plc
m nutes. After the test, the nodule was dismantled and it was dbserved
that the shoptesfuridiatianCsy beiNeen i hal! QWehi “95:?” e thg,gib
was 2 nmmin the potting pgxrrtion. 25 Ref grencecéxgﬁ{)?)e 'Xataeg%ﬁgsa'nphﬁ‘ee was

prepared undpottiiey HoFEL6HO Nt RS RD hmgﬁ!&&eagstﬁz&rfghe %GePLadi1at a
fixing device was not arranged, 18 Ma?f:lh, 2006 38 and hy raulic a

pressuri zat i nor WadnaeBduEt €tk 1odebw! FEhe A MRmbPARE té%‘%bs@?véci‘.. Refiefipice
Exanpl e 1. The observation of the transformation of the potting portion

shows tHat thke cepeatin® dreeBufizdtwnPebbt Nhs restarted. After repeating

pressurization 100,000 times in total, the potting portion was again
checked and neither destruction such as crack nc'ar damages of the
hollow fiber membrane was observed. Further, the evaluation by
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 is 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 fix ing device was not arranged,



portion was nost largely transfornmed and the thickness di ffeEénce g Bgtween
before and after pressurization (before and after transf oA 8

mm Conti nui ng the above-nentioned hydrawki c 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

inder e sanbe BYRRRE 5o or kR PR B Bt B REL B At B! ng

devi d d hyd I [ zati t d
the same condr TbietTEtuce MemilE £ hio B E S o A T O RPN e
t f ti f t tti ti that th t ti f th
porting  por Prcb et R boigel PhoruFt b cottien RErtHRcRh<BS T iebence
bet bef d aft | zat i bef d af t ti
was 14 | CBAEFREN Re® edt SBSE e RrrBRetrons Ao i o froes ATSETIRe ¢ ne
cohesi ve 5desf)tre{ijcéei’non alon th(g1 ou%er eri gheral portion_ of the potftsi ng
portion and Peakage BFXUET e docRitFed Prefotirszalficlr {PefYser PR oA t ed
that th | uat i t d, 25 Ref Ex le 7 A fest I
wais. pr epar ed I PABLEBEAE Sl 1| GPA MU g AR TR R ER SRS B et
t hat neither I_ixin deyice nor ring_.18 March, 2006 39 was arran echfgarld
hydraul i c prBses’iﬁngéP%?P V\/acs"%(‘?&riraﬁc?%ﬂna’rﬁfé?“t REOng Jthe BErt P‘c’)ﬂ’sp &l
Ref Ex le 3..T ti f the t f ti f tti
port 1 on ShovBoPHEE ¢hERE BREL S BPEF LT =Bf Lekego oE M SR GRe N TS |

largely tranéé@é’rn%gleagpdeéameio%hls lé{]éagé so that the evaluation was stopped.

io
Referénce 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 pressurization (before and after
transformation) was 14 mm. Continuing the above-mentioned
20 hydraulic pressurization, the cohesive destruction along thé outer
peripheral portion of the potting portion and leakage of water

occurred 7 hours after the operation started so that the evaluation

was stopped.

25 Reference Example 7

A test sample was prepared under the same conditions as

in Reference Example 4 except that neither fixing device nor ring



5 difference between before and after pressurization (beforg and!afgﬁﬁ
transformati on) was 14 nun. Further, the repeating pressur'1 6 as
conducted by using this sanple under the ¥ane conditions as in Reference
Exanple 4. In the 3,407th test, the apparatus for 10 repeating
pressurization was stopped owi ng to abnormal flow quantity in the

pressur i zi Ng i Berdiien, [0 ROBELOA POELL QL 1Ot Bh Sra3 0B ot SufdiECRd,

circular arc-shaped crack was™ observed I nsi outer peri pher

the potting peinel &hdiki8n8THs WA ﬁke&%ﬁ%@%iaﬁ@‘i@gﬁ F’%‘%Pﬁ%t\%e?‘?rgti&rb%f the

eval uati on was stopped. 15 Conparative Exanmple 1 A er nmenbrane

cartridge wasrRhebahestidRthe m@%titﬁﬂg%ﬁ:ﬁ%;s}r%}zgoilhﬁyt%%Qﬁﬁé’%@bSEti!@:?

conducted under the sanme conditions as in Ex except that "none of

the ring, fixmgedsniGag rfFtabd Jésqndﬁslﬁdeﬁﬁg&%ns%%ec%ﬁéi&i&%ﬁ%ﬂc\,\xg%él"as

repeated 10,000 tines, the observation potting portion s t hat

K enc"® dpereLdithe BONIAL A2 G TR B4Rt fol PRKANS Sleakugloned

occurrence of |eakage. 25 Conparative Exa ane

cartridge wasrphspnRdial§ & My gh. 2006 40 repeating pressurization by
ozone water was conducted under the sane conditions as in Exanple 2 except

that none of the ring, hipthag, deyhge r@ﬁ%i{iﬁ? V33e 8L EAMRD on W EBst NSyas

pressurization was repeated 10,000 tines,
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 guantity
in the pressurizing pump. When the potting portion of this sample
was checked, circular arc-shaped crack was observed inside of the
outer peripheral of the potting portion by 8 mm, which caused leakage.

Therefore, the evaluation was stopped.

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;.‘essurizatim was repeated 10, 000 times, the
observation of the potting portion showed that crack in the potting

portion already occurred and air leakage check showed occurrence

of leakage.

Comparative Example 2

A hollow fiber membrane cartridge was prepared and‘



5 observation of the potting portion showed that crack in tEe EOHEiB&OG

portion already occurred and air | eakage check showed occu

| eakage. Industrial Applicability 10 The 4 esent invention can provide a
nodul e using a flexible potting material in which the transformation of
the potting portion upon filtration operation is restrained. Particularly,

the present i augothQBrE80u P RA:4E Az%rn%ewést;eﬁrlcga'fh %L{;\ﬁvé%éd?lﬁlgleméﬂ%gsgaﬂf% ence

nodul e mai ntai ni ng practical préssure resis

of the breakagga®fidheabql hRer r in the .interface. of .the

potting portion waé regt rai ne \?“\AB?h%ut %?h&%%e?\?rhegogfcﬁg rﬁ’d?t ?ﬁﬁi‘b%(riﬂnocrﬁ

Furt her, thedgﬁe§§9twggn§§ygh$€dalso can provide a nodule in which chem cal
|

resi stance in the potting portion is inproved and damage of the nenbrane
in the interface of th ' tion is restrained. resent

I nvention is useful i neﬁ% ?:lhglgpd'%%ggg% aet%]/\?ant g?stﬁegﬁaﬁﬁﬁglos-é@ﬁ tgglefl’e%tferrent
of tap wager puebh,as;dd %er . s and mar s, wat ey .and undeyground
wat er and renoval g%f()rr!t érﬁbﬁhgy\?é/ﬁ{lrngrﬁ%é'oge%%% gfggﬁgggggiiﬁg&ﬁag?g& er,
particul arly .95 f 1.8l r eat ment . using an external pressure
Pl tracion * BeeitdetneRal SoolHel sh SO TRarchSs (th SR BRON L BrpREFones
(Arended) A bel o Jééyar menbr ane nodul e conpri sing a nodul e housing; a
hol l ow fiber menbrane bundl e conprising a plurality of hollow fiber

menbranes, at |east one end portion of the bundle being fixed on the
housing; and a [rib or] ring, at |east one part of the [rib or] ring being

embedded i n gn@RiédG RPREIOML{HPt"9 the end portion of the hollow fiber
menbrane in the housing wth a potting material in the state where a

el paon thereof i GRGRentNEhelikdle 3! 5:0%: 8! 8" hBhule Suddd Pl e
flexible pottingmaterial in which the transformation of the potting
portion upon filtration operation is restrained. Particularly, the
present invention can provide a large scale hollow fiber membrane
module maintaining practical pressure resistance in which the

i5 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 caﬁ
provide a module in which chemical resistance in the potting portion
is improved and damage of the membrane in the interface of the potting
20 portion is restrained. The present invention is useful in the field
of the water treatment such as treatment of tap water such as river
water, lakes and marshes water and undergroﬁnd 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.



ring is directly fixed on an inner wall of the housing or #é@ﬁarglkéogplded
with the inner wall of the housing, and the ring is enbe i

potting portion wi thout directly contacting the hollow fiber nenbrane, and
wherein a pre- coating |layer consisting of the potting material and having

a thickness of at least | run exists between the ring and the hollow fibre
menbrane. 2. (Anended) The hol | ow fi b® nmembrane nodul e according to claim
1,further"cogghgﬁgng arib, at least one part of thé rib being enbedded in
the potting . portioh without directly contacting the hollow fiber nenbrane.

3. (Anended) [lAnieadddyW Holloer LR Yol m. 1, rein
the thicknes mof etgﬂ?) r.e- af?iﬂﬁgfé[ ayeré@gt?ur%g'?&ﬁ@g%ﬂ%ﬂgquage%@l@’amgm '
hol | ow fi ber WEASY éaf%o'a’&ﬁ@%?&ﬂsksm%ph@lﬁyafhpliqw\ﬂmmmbmemmh:gstcp@ei ce
is arranged endtportitn 6fihe doddkdRiheOfixdd tHd | '

openi ngs of the ¢ I[lls_l%w ii.be .rns*rrbgogK hgluggtlgr?tgfﬂgfﬁdém%gﬂtﬂ@ggﬂe%g dtﬂtﬁe
end of the Op}gﬁl n% 0 Of. %n31{3€flf‘%9\5“¥’?‘8§11I%Rﬁ‘ft@gé’omlﬂxéﬂga@éﬁﬂ@imoﬁﬁf@Pai m
4, wherein t Helbwdiey meubmge is i hbeskss il ATRURR Hhh@APRIMR RAE WHelOR
Phe. | ongi ¢ udi hp HOREdH BERSER ok, hibFrebie o ibriah » Hodble dmie!cliehape
sel ected frofnghe gr olgdircoths fised og anfiner eall cfthpRoudidt & iR gallgRRolded aithal
shape, honeyaggniingdape ' S of cross or_radial ,shape and
circular shape..6. T eﬁ%ﬁ?gﬁ?ﬂgﬁgf@%@?@ne noduf'®8 5L 6% 1?%%?%?‘%4,
wherei n a gr ®8tHEN; WHhoyt directly egntagting thenhedtbvo fitieh endnibramey agd\wisereinl® phéar ch,

2006 42 7. TQ& Iiaow fiber, me%?ﬁ?ne nmodul e agcording.to claim1l, wherein
the ring is -afTanged I Bt avagerral andohavipg 2JdRTinsE BoAti on.

8. The hol |-Olwaéi befn nedREaRewsBS the rARCAORINI FH-8' deniBGEET N

R-processing is applied to the external angle portion of the ring. 9.

(Arended) The. iebaieaf THE ollBH HERSmURAMAE nRSERY Shddfing oS LEkAT PrutiSy €1 1

the rib i's fixed on the Inner
compdsingaﬁb,atleastonepaxtof'theﬁbbeingembeddedmthepotﬁng
portion without directly contacting the hollow fiber membrane.

3. (Amended) The hollow fiber membrane module according to claim 1, wherein the
thickness of the pre-coating layer is not less than 2 mm.

4. The hollow fiber membrane module according to claim 1, wherein a fixing device is
~arranged outside the end face of the potting portion on the side of openings of the
bollow fiber membrane substantially without sealing the end of the opening.

* 5. The hollow fiber membrane module according to claim 4, wherein the fixing device
compriscs a frame portion and a partition portion, and the cross-section of the partition
portion perpendicular to the longitudinal direction of the hollow fiber membrane
module has a shape selected from the group consisting of cross shape, lattice shape,

. radial shape, honeycomb shape and combined shape of cross or radial shape and circular
shape.

6. The hollow fiber membrane module according to claim 4, wherein a groove for an O-
ring is arranged on the fixing device.



wal | of the housing through the ring and the rib is fixed directly on the
inner wall of the ring or nolded integrally with the ringl8 MarcEh2086! | ow
fi ber nmenbrane nodul e according to any one of clains 1 to 9, wherein the
potting material has an JI S-A hardness after curing of 25 to 90. 11. The
hol | ow fi ber nmenbrane nodul e according to any one of clains | to 9, wherein
the holl ow fiber nenbrane is fixed oA2t he housing wi thout directly
contacting the inner wall of the housing at the potting portion. 12. The
hol | ow fi ber nmenbrane nodul e according to claim1ll, wherein a filling | ayer

consi sting Gf Theehdli fiber WRhfraR ndddlehadtoRfing tb LN ES Whefeim ithd @mplisl MM
exi sts between the |nﬂelr \ﬁ1fall Ef té)?.e housi ng and t he hol | ow fi ber menbrane
in the pott PAgPEsd iR palicl{g thegnd tace i the potRg BRMIENt i | tration met hod
conprising supplying a raw water froman outer-surface of a hollow fiber
nmenbr ane bugd lecting a filtered ter froma i.nner _surface of

t he bundl e yﬁﬁ%ﬁﬁﬁoﬁﬁgeﬁﬁ\er@%nﬁ gt#ulﬁ.gﬁ@fyﬁg%%]ﬂp?%@%?a{iﬁarchsm% one

of cl ai s | appdied to the external angle portion of the ring.

9. (Amended) The hollow fiber membrane module according to claim 2,  wherein
the rib is fixed on the inner

wall of the housing through the ring 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.

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

wall of the housing at the potting portion.

12. The hollow fiber membrane module according to claim 11, wherein a filling layer
consisting of the potting materia! 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.

13. An external pressure filtration method comprising supplying a raw water from an
outer-surface of a hollow fiber membrane bundle and collecting a filtered water from an
inner surface of the bundle by using the hollow fiber membrane module according to
any one of claims 1 to 9.



