1 DESCRI PTI ON SEPARATI ON MEMBRANE ELEMENT FOR FI LTRATI ON AND MEMBRANE
MODULE FOR FI LTRATION 5 Technical Field [0001] The present
invention relates to a separation nenbrane elenent for filtration and
a nmenbrane nodule for filtration including an assenbly of a plurality
of separation nenbrane elenents, and ip to be applied to filtration
appar atuses which performsolid- 10liquid separation treatnent in the
envi ronnental conservation field, the food and drug field, etc.

Background Art [0002] Conventiona ne nodul es i ncl udi ng
assenblies of a plurality of por obbgggmﬁ\gnes for filtration have

been fitted JEPARNTRONIMBMBRYNE BEEMENT FOR FLTIOAT IOMPANS MERBRANE
external pressure filtration a(ggar atuses, and wdely used in the

water purification treatnent MPRUSGE FORRILARATIONS i cation of river

wat er and | ake water. Recently, the nenbrane nodul es have been used
not only in the water purification field but also for treatnment of
hi ghl y5 poiéchihiest Rielder, such as secondary treatnent and tertiary

t r eat ment %f 20sewage, and filtration of effluent, industrial

wast ewat el hdustrial water, and the Iike. As one exanpl e of

use of treat mefe splsedtliGRhioPRlddied sél%faﬁﬁm menblang @fen{elétﬁq@fe ﬂﬁ'ﬁﬁox?éﬁ@tae s

b
usi ng a Menbrane "Bi oreact or process I ng nenbrane noD s have been
beconi ng menbepe smdule $Hinfdtatidnandledibg aness@ntly ebz ploralify afsepmativan be

configured to operate using highl opgcentrated actiyvated.sludge, the
capact 1y BEPEE Slematis. R iSin e duplied 40 Blghion dhpatay e whveh gertumoficy;
t ank/ s udgguid separkibh atdt@Bnttia tHe eAviRorneatsl E@BervativiStield, MeSfob® ShiNdrag! feld s
advant ageous over conventional, general activated sludge treatnent

appar at us®8 because the installation area can be decreased. In

addi ti on,Bi%&gl;dagdhﬁnbr ane Bioreactor process, the quality of treated
wat er can be”I nproved conpared wi th conventional techniques, which is
al so advafiégleous. 30[ 0003]

Conventionally, membrane modules including assemblies of a plurality of porous
15  membranes for filtration have been fitted in immersion-type suction filtration apparatuses
or external pressure filtration-apparatuses, and widely used in the water purification
treatment field, such as purification of river water and lake water. Recently, the
membrane modules have been used not only in the water purification field but also for
treatment of highly polluted water, such as secondary treatment and tertiary treatment of
20  sewage, and filtration of effluent, industrial wastewater, industrial water, and the like.

As one example of use of treatment of highly polluted water, effluent treatment
systems using a Membrane Bioreactor process using membrane modules have been
becoming widespread. Since the Membrane Bioreactor process can be configured to
operate using highly concentrated activated sludge, the capacity of the aeration tank can be

25  decreased, and no settling tank/sludge concentration tank are required. Thus, this
technique is advantageous over conventional, general activated sludge treatment
apparatuses because the installation area can be decreased. In addition, in the Membrane
Bioreactor process, the quality of treated water can be improved compared with
conventional techniques, which is also advantageous.

30+ [0003]

However, when treatment of highly turbid effluent is continued using a filtration

apparatus provided with a membrane module, suspended components contained in the



However, when treatnment of highly turbid effluent is continued using
a filtration apparatus provided with a nenbrane nodul e, suspended
conponents contained in the 2 liquid to be treated are deposited on
the surfaces of and between nenbranes, and nenbrane cl oggi ng occurs,
resulting in a decrease in perneation 3low rate. In particular,
in treatnment of highly polluted water, such as a Menbrane Bi oreactor
process, the viscosity of the liquid to be treated is high, and

fouling of. ranes due.to .5stick osi.ts,characterjstic to

bi ol ogi caI“l‘Eq&g"g?eﬁ%‘ﬁfed(aﬁ‘? %ePPﬁﬁi"H@jé’Sb‘g‘g‘?ﬁ@?aﬁ%‘éﬁi‘@?%‘r%?m‘&rwﬁa"r‘@d Wi th
general f ineinbitint 08NS bedis, ré&UBIRL DfedbcfAPRRARS IO BoRask! Y deposi t ed
on filtration nmenbranes, and the pernmeation flow rate is markedly
decr eased becdbgartisplan ghtsestment 6f highly polluted water.isnedras aldemimane Bioreacter
filtratio US| b I i ng
procees ( HoPaRHEHHRslP GLUENRA SERMANGHER et Brcondet 16D,
whi ch $r estiohy degditachardcteristipipl bislogica trehtirent (bid-foutihg deotrire dT Heyefades
bubbling or the |jke, and thereby, deposits are renoved by separation
or mechanfPRpAr§oXHh gepsry glt@élep RSk HSpRdEd eOTPROTE RS S AIRBPIiSd on

Fur t her no bt i | '
ﬁﬁrgtlbﬁ rdel]'?lbﬂﬁ.% gﬁcgfh}églsﬁleﬁﬁ&?ﬂ@& rdtd ls%ﬁkécf?ﬁeﬁ%ﬁ&f d'%e)é%ussf {)fs' t hat

repeatedly by performn I nt enance process I n
cannot beadhesiow efiddpysitsemd bloskingr etlusginta {Uiratiteppparats ifchiding embhbreké ng

t he menbran are ,dec osed and, 15 .cl eaned away usj ng.,an aquequs ,
ST urton BPSle e SRRARS SroBfS esuSn FRR TRt AP e BPER .,
as h_ytIiﬂ) oC hidhipgesaized aif istsilbﬁlieﬂpéﬁiugr@ﬂdqu(ﬁinh@d B hiel bulsbling o8 he PR, and
oxi di zer, such as sodi um hypochl orite, dependi ng on the tﬁpe of

a

deposi t s. theteby.deponitp ate reRovaddysarasation on meghiqablpad des waseitationpfithes
abnor Ml KR8 bl @l el tiERloh, Rl hdiSRbry b BEOGer MinfiAaBlRY | 1 LY
may mcal c g

that it € necessary to perform che eani ng usi hi gher
20 concentapedtedinby perforadhg a maintendiive pedfcessan whikhiie posits dhatl cdnast wrdmoved

filtratiop nenbrane el enents .constitytin he nbr ane ,nodul es, ar,.e
desi 1 od ¢ BY RN URRUSRRGPT fogas Pt b Lokt e TiSRORBFS B AREROS e g
to engsir ecle@ed awvhg ading ARshudBES sORItibR B §toFB aMRRT fbh 8sodARShyir&de; an

chem cal resistance, in particular, to oxidizers and acids/alkalis.
251 n par t peidisaeh asfydrechlodg aid, eirielagid randroxakig aeiditor a sepnecdxidizey, suplmas

| ar ge- scal gy s . Lk I S
and-menr St BRRLREE 85 Rhe R B bR R brdRoall SRR 0 I T e
of 5 to 10nexpeots] acaidentk,such assubaoratat infighwoftéghiy mebid efffhiametheredhani cal
strength and, c]he i cal resistance th%t can endure a Io_ng-i}i me

oper at i onP&FLIlEMAf It maxibe grcesppaloeriome cheasueal fiFaniAg UHRSANENC | f et i e,
and r epeat&fleitBkich Shanes. 30[0004] 3 fixed to a fixing nmenber with
ends thereof being in an open state to forma catchnment portion, and
a flat sheet eraamembrahempdd b rbid fidtratiop menatiraneyelohenty @nstithtseg the y pe

nb | i .Of i ch. heet - 1. nb
Cuppor t ea 1500k Hsgufte FRACFA ERbG oBeRSR s MeABERRHBHFRRAS Bk

menbr ane anaidi@ mdchenicdd Pad danhg RhetihR peREeMtand RighRhimRalasSstRicepased,
i n Japanese Patent Ng. 3851864 (Patent Reference 1), a filtration

modul e | _nE"FEI%Hlﬁ’g“’é)foH%Fd‘F @dcﬁ‘:ideﬁ/a_ elif-ality of porous mul tilayered
hol | oysfi bers, 1 a6{RuRR WAKS uiBdlik bfﬂ%b!rﬁrtxgﬁ'@{e‘nﬂ\é’%ﬂebiaﬁ&, ih DELHELR e Rage
supportlng_layer conposed of an expanded porous
isposal plants and the like, membrane elements and membrane modules are usually

required to have a product lifetime of 5 to 10 years, and thus, are strongly desired to have

mechanical sirength and chemical resistance that can endure a long-time operation of the

filtration apparatus exceeding the product lifetime, and repeated maintenance.

30 [0004]
Examples of the conventional membrane module include a hollow-fiber membrane

module in which many hollow fibers are bundled and arranged into a circular pattern and
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10 PTFE tube and a filtration | ayer conposed of an expanded porous
PTFE sheet, the filtration |layer being integrated into the outer
surface of the tube of the supporting |layer which is |located on the
internal surface side, in which pores of the supporting |ayer and
pores of the filtration layer are in cpmunication with each ot her

t hree-di nensional |l y. Furthernore, conventional exanples of the flat
sheet nenbrane nodul e include a 15 nodule in which a porous nenbrane

conposed olefin (88 uch..as_chlorina et h

o on ® anafhedi Bt R fer it s Gl Bl af b AR i) eaih

pol yvi nyl pettio ahd b @i sheet (RMNTAne RS ule 1h§iudﬁ%ﬁg pRSally sElashektd eJ apanese
Unexam ned Pat ent. Application Publication 2004- 182919 (Pat ent

Ref er encemgmbrang eI@@Fntgop paghe tvhigdrasshegid ke pproys pigmbeaae Fauppartelidy 2
3851864 pBIt]E?;j Ref erence 2] Japanese Unexam ned Pat ent
Applicati ow? cation No. 2004-182919 Disclosure of Invention

Probl efrs {080k Sol ved by the Inventi on 25[ 0007] The hoI | ow-fi ber

menbr ane nodul e as, t he ne di s ed in Patent Ref is
general |y advarit 3@@@[})&"? berdReggbTRAng ghewatvlal@ﬂt of thepresent @f/%@fl.h%
nmenbr ane proBésel an Jﬂﬁn&%%ﬁﬁﬁ@@ 3t891 m"(PﬁL’nﬁ l&ifé}é‘rlcle‘ﬂta fﬂfi’ﬁf&f'{’a%&h%?e’s

However, when the hol [ owfi ber nbrane nodule is applied to highly
pol | ut ed @fchlﬂmemtbundln opaplurality aﬁpormus nmuidlapgredhaiow oy, ezcbiporouso

hen & he OTER Rsa e RN Blne onabiis b ssrBhiea L of pR G AeF e

ef f I uemt , PTFE pide thdalfiBfation [9at sddyof BB 8Xyanedd Ford@ATFEBeds thé eact or
process in which the viscosity t he |I§wl d to be treated i s high,

4 the fl ofiltghon h@enhewuleregrates@w theugen seriass afiths yubgef the sypp

relativel ers
is narr ow% h?gggg g corr%argﬁgﬂ? %%%f gﬁfg\é@ hgﬁpogf?geffﬂh%m{léﬁ% raltngc es
of and bepareeof theﬁhlaamehyer\m mhonmyunroamui mth pach otlec theassdimensidmaliat nent

rate. In partirPc in_the,. caeof p tlonto he Me ranis
Bi or eact or 5p %‘Emi“h copveationa E‘ampéeéeg &F B?hef’tHBe‘P 140 go ude a
treated i moliigh whibka pORE} Rielblaie 8dmpdied SRLPRPSISH fRsih! ®ah morrrafea

further increases, and thus it becones necessary to i ncrease t he
di st ance Belyelkdens; isaised ja@d:@modwem which pefoys magibeang gerpesed ph

install at b(ﬁﬁ ?}El%@né fudee éggp%gres% %lér?ﬁ al B0 np fqp&?%? U leﬁrﬁlﬂe ntVe

a conpact ation app ernore, ron m) ule of
Pat ent ReApp]icauaeBulﬂxchmmI@wzt)l)cbészmﬁr(rMamRefe@eme@posed of PTFE and
excels in B i cal resistance and strength. However, the assenbly
work, in many fine hollow fibers are arranged in parallel wth

an appgopri at E[Pe?t@fﬁ‘?@fér&ﬁ&‘i?ﬁp‘ﬁﬁﬁ%@h&m Resigeyme and effort, thereby
i ncreasi ng the manufacturing cost of the filtration nodule. [0008]

[Patent Reference 2] Japanese Unexamined Patent Application Publication No.
2004-182919
Disclosure of Invention
Problems to be Solved by the Invention

25 [0007]

The hollow-fiber membrane module, such as the one disclosed in Patent Ref. 1, is
generally advantageous in that the installation area per effective membrane area can be
decreased to achieve excellent compactness. However, when the hollow-fiber membrane
module is applied to highly polluted effluent, in particular, to the Membrane Bioreactor

30  process, the advantage cannot be fully utilized. More specifically, when the hollow-fiber
membrane module is applied to highly turbid effluent, in particular, treatment by means of

a Membrane Bioreactor process in which the viscosity of the liquid to be treated is high,
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15In contrast, the flat sheet nenbrane nodul e has a configuration in
whi ch sheet-like flat nenbrane el enments are arrayed, and thus is
advant ageous in that aeration is easily perforned over the entire
surfaces of the nenbranes and the nenbrane surfaces can be
efficiently cleaned. In the highly pol#uted water treatnent, the
installation area per effective nenbrane area may be the sane | evel
as that of the hollowfiber nenbrane 20 nodul e because it is

. _ . | . .

et o™t hUReb BN Rl 2R PR IFATIRE B o0 s gealsc ok
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1'9 aci | itat fi?R%SIE‘?ﬁleDnég% %@P‘;ﬁ,ofﬂﬂ‘ii pgfween raavgwrl%g @fg@g?mww Jin zémvﬁeﬁ} ,

an exi sti pgat&llelﬁtrat@? "ﬁf}ﬁﬂﬁuﬁkﬁmtcmpﬁ& eﬁ&?{zeﬁhmzﬁfb%@ BigEResied of

a polyolerin resin or PVDF as in Paten and has a problemin
terns Bf duwcediit whigh theuddvosity efdldhlaqiid wl besterted i figla ik prissihilityadf the

resi st ance, . For exa e, Wth res t tq mechani cal st.rengt an
o St g AFSHB AN FUE b nirRssB any Fis Lbeloro T6t-eeng RHnEp e
filtrati ofisiReEBcaREn thdadpaeht Holb@fibess! I ABAlrEsuff tht ittaBdn! dréaAb iRReased,
menbrane at_ a portion having filtration capability, and thus there is

a hi gh poaid bay ngt henopsible teaghicye aspnbacs fltFsion apRatatudue to danmage to
t he menbrane Viﬂﬁﬁ‘. f ] l.e. i 0 g
period of time under ?%i t+egiglgﬁ Q&%@@?ﬁ%@% ﬁgﬁqég fgl aalhellf@@,f%ﬁegg] e?ﬂrbclra%{ged
whi ch l¢ontahpusediof/BTHRR4nd eatelf or chemivahmbittance dnd sparpth. c Howeverthe

filtration meppbrang ,co sed 0 VDE resin i s produc o]

e soti i PYPRBY i GrGn e e Daley Blrs ot gt TSI 1 i n a
sol vent aB;%bréﬁ}ih‘ée pﬁcé/tﬁér)ébé_tﬂbéh aire RS fldd R theRbl Hcb®siak tEechani cal
strength at a portion having filtration capability. 5ln the meantine,
wi t h r espoanufpguriegseost efithefiltation madilag chemicals, for exanple, a
filtrati omogggbrane conposed of a polyolefin resinis relatively

resi st ant n al kali, but insufficiently resistant to an oxidi zer.

Thus, 1srenbr andnebmtedst, fg: it tleeemembengmodild hies comfigimtiondi vidcH sheaslikeat
a high frequency or .over a |long period of time. Furthernore, a .
filtrati ofaTReBPIARRCIEERIDYE Arravedaans s is adyantageoys i thet apEatipn igeasily ant

to an oxi ?ér?&‘ﬁ‘l’ed Byt OIS Sl aEd s Y méBHasds3Rl tHeQndhbraddRitaces ERASbe

menbrane I's discolored to brownish red and the properties of the
mat eri al effisientinplgandasInstbe highly riofluted wWaten ingitmenty the ivdallation angp pér a

strongly alkkaline cleaning |iquid Therefore, it s NC Qssible to
et he nEl ik B rta R Shay i eqenb 1o O Rratha oo BOHbeP FRBb g ¢ 0
to an20xi godale batause M isHecEedi¢ enNintRhdehe distaned besidehiheil@ntibers Bl HAdODH

As descri bed above, the conventjonal flat sheet nenbrane nodul es for

filtrati oftcyes thetreaimon ratg s the hallew-iherembrapeapdyle dditherngsep theflag |

to an oxi gﬁe%%cﬂlf;raﬁ@nﬁhﬁl@,' the meRrahk %Q;ﬁ)&gpajrﬁs [a“r‘% 'Eﬂgfﬂt}?a? Pffﬁg‘?l_f)ﬁé@-rﬁ%er

it is not possible to performsufficient cleani filtration
menbr anes nfembrame Inonlylepthus Hdilivdtingitheeassdmbly ddiieh isadvanagense of
i nsuffici 0 nmechani cal strength, the filtration nmenbranes may be
damaged bi‘%’? ces of foreign matter

25 However, an existing flat membrane element uses a porous membrane composed of

a polyolefin resin or PVDF as in Patent Ref. 2 and has a problem in terms of durability,
such as mechanical strength and chemical resistance.
For example, with respect to mechanical strength, an existing flat membrane is
insufficient in terms of strength of the filtration membrane, in particular, strength of the
30  filtration membrane at a portion having filtration capability, and thus there is a high
possibility that a leakage problem may occur due to damage to the membrane when the flat

sheet membrane module is used for a long period of time under a load of aeration of a
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and the flow of the liquid to be treated, which necessitates
operation at a low flow rate and shortenlng of the period of use,
i.e., nmenbrane replacenent after a short period of tinme. [0011l] The
present invention has been achieved in view of the problens described
above. 25It is an object of the presen§ invention to provide a
separation nmenbrane elenent for filtration which has excell ent
filtration perfornance and is excellent in terns of chem ca

resi st ancg 15?(?% t : i i on
flow rat e Q-"t)e 0 FEQI ne %%%a?ﬁ% %glg%f\éﬂrrlglg%m%h&?i @&gﬁ}éﬁ ’a&)ﬁﬁerggr ane
nodul e f omembfme adrhposed ofd PUDRgesihis psejuagdiyi rersolidifiiipaehaionpesparetidry
filtratio SOIV| the r opl ens order to

sol ve theglﬁﬁ‘ﬂpgﬁf%m‘greﬂpé%m pRehtrDis vs&ydblgi ér!a éﬁﬁ&?@tt?raﬁ ofg
menbr ane ﬁka{aﬁmmsfueﬁgtﬁhuﬁaﬁblpﬁlamlh%mgmngerform sol i d-1iquid

separation treatnment being inmersed in quid to be treated
whi ch Tont ai nslndlesuwamd,e‘dlﬂmmmh@ntmstMe tesel prainegt dhemicatsnfor exesnpi¢, @nent

e g RSS54SR BB A LR B

(pol yt et r pkhfticlen®) Ryk@mnad aﬁaﬁfafzeﬂe Thi$, Snctntelel A hing Nithe ¥R 8y axidizkn
whi ch a hol | ow surrounded t he porous sheet serves as a

t r eat ed- | fagopibepsefomesd at g h p@ncaf@ﬁﬁ%qr aflong nesipt phlime-n gF urthernkse.|2ow
serving a@mﬁ.hsn IlefBlfd c%g%g?@oﬁaaﬁﬁg d,ﬁ;g%ig&gi,; RSB fin AT

both axial-direction en i on Nenprane so
as tolo eamuiﬁblehtiaaneslsmmOuneﬁmhd Theqnexﬂmedmtolomém hgwajskmed and the

10[ 0013] The present inventi characterized i.n that

separ at | oFFOREHEN ChIEE REHE e SHBRER S hon oo CEmEngioaaies il wronely
sol i d-1i qulkslire@Ranab 1ig@d! I TRdERRY, 1tl?é/n&?b£bﬂalé oRE ﬁfe%érﬁbrﬁlelibﬂélloﬂ to be
treated which contarns a highly suspen ed conponent, in parti char

an ef f | uepgriod®ftigieni Bgﬂwcmpmateelatasqeugg@omélzpmt@dmhsmemtm&orf@mﬁied
into a Cy&{fﬁﬂéﬂ (cal shape, and the 15 cylindrical filtration menbrane
i ncl udes east an expanded porous PTFE (pol ytetrafl uoroethyl ene)
menbr dhe. [Bildijce the porous sheet which constitutes the filtration

menbr ane i ncl ude anded porous FE menbr ane, ratl on
membr ane el emehtdesSIREd 8O, @aﬁ%ﬁeww hees g Fi’&éaﬂ Blef s BEprieRidag
to the mephnaREsHuildeRentied] rps@stﬁiap%g%bahﬂ to QRS 61 ﬁﬁ@?@}? sed

and cl eaned using a high- 20concentrati on oxidizer or a
cannot coeleaning is resiricjedp e Therefore, s notaronsible to prrfoce saﬂ'lstenboigpnngcﬁf am cal

| oad can in ertlont tration ahility can
be r ecovefgﬁ?%g%ﬂgrafl%s ah? Oﬁlgtpeﬁ?c{‘i?ﬁ tlggédd l?rég‘fﬁaflse ‘ﬁalgs fbflfcfeé‘tt of the
menbr 2he gleehimithl angth &hé ﬁnﬁtlﬁm ﬁ@mbfamemaﬁwmaagemﬂy PicSds dP FReigimidfér
of perneated water can, be obtained over a |long period of tipne.

Ther ef or eandihgRovs of Bielliauid te b treateds wrivih neaessitaies Apgration et arlpydloxs rie padt
25 treat nﬁ{&tem[}g Qddl period of use, i.e., membrane replacement after a short period of time.

[0011]

The present invention has been achieved in view of the problems described above.

25  Itis an object of the present invention to provide a separation membrane element for
filtration which has excellent filtration performance and is excellent in terms of chemical
resistance and mechanical strength and with which a stable permeation flow rate can be
obtained over a long period of time, and a membrane module for filtration including the
separation membrane element for filtration.

30  Means for Solving the Problems
[0012]

In order to solve the problems, the present invention provides a separation



More specifically, since the expanded porous PTFE nenbrane is
produced t hrough not only extrusion but also rolling and hi gh-degree
stretching steps, it is possible to forma fibrous skel eton which has
a small thickness and high strength due to a high degree of 30

mol ecul ar orientation, in which a highbdegree of porousness can be
exhi bited, and which does not easily cause blocking in spite of high
porosity. Therefore, it is possible to provide a nenbrane nateri al

whi ch has plepBrank eMmeRSiosfiaa6h endighied o pértdomabli@Niquid seRkdtidh fRMERNt by
Consequently, the filtration nenbrane has many fine pores, a |arge

amount  of bgieg immersel inatligrid ta el traatehwhish rontanna suspentisd apmponisak the
exce! ! ent se%glraﬂg l‘n'e}n% ank @lte%httciﬂclﬁcyiﬁg&hgl' ri%ﬁl@ﬁﬁ&ig%ﬁ&@ﬂh&e%bt%iﬁ&ﬂ S
applied in*aeration treatnent, cracking or breakage does not occur in
the filtr fdriniiy dppibisaneet ifeludirgdd ldaktain expdided sprond®TFHor ous PTFE

nmenbrane has chem cal stability such that .it is nof, affected. by npst
cheni cal s.(Poi et&%r‘l@?oﬁ‘}h?'l%@r%br%@dﬂw&rfé’é‘né&"ia&S}&P‘r’ an "Q’b&t"r ]F(ﬂl‘? sur f ace
area are aﬁ%@g%f@r%pgg?ﬁhw serveO S €kedd lwﬁiggoaggﬁgaﬁ&%hg for

conpared wth s. However, the expan rous PTF
menbr ane meintaigiog ihedotlow atmvingtas dieltreateddiguil nasmggand scating partsavlsich saat h

as organi ¢/ i nor i ¢ acids, .alkalis idizers, reducing l0agents
and”or ganpehagiebanGom g oF R ey Radrienl Mo Bhhbreht S uR ey AIEA Sne
resi st anc geatdREEE Bkeout YpddikLopepnvent i onal flat nmenbrane el ements,

t he cleanhﬁﬁ chemcal is not I'imted, and cleaning of the filtration

menbr 4fe 3be performed over a long period of tine by selecting any

of various c hemeﬁlgésﬁmarﬁ&ﬂ{iﬁr% {réQPﬁchtEﬁ'%gtiﬂ et o a ge%&giﬁhr}r\ glﬁm%%e WGt for

necessary, at a concentrati on. rexanp -concentration
sol uti on @itradibn oorgfigariide performlsolidlighidaspasticngreatment sypbeaitg mmneatedsiadi um

hypochl ori.te.or. agueous .hydrogen roxi de, . gan be used in order to
Coho ot o ot SE b et LR R Shepeiyed samBtent e Ryt
and an adusfaing Aktwfateddke, Btpofitd sRdek &l formIURI adSlindiiHaldRapy, dhdiede,

can be used for renoving oil "and the like fromeffluent. nstituent
mat er 18] scyindripd fdtegsion mandmanedndudes et leps g axpanded poseus FIEE de the 20

menbr ane, elg: l A se
suppor t1 ngenebe o R BB bR Sindt e i Ryl Sl L RECE
cont act wifilthatioh enchibepne thelwaleban éxpandedchornd PIHE nednetamen the chematwal
during use, and thus corrosion qQf. an .nternal n- cont act, portjon
very sl owMPISFBEEEaEnt R4S fmﬁnmﬂ%ﬂa’é@fl@&m@ﬁaﬁ& eHing b membiage
That is, Ghieck hmecs%stmfﬁu?E@;ﬂﬁmlﬁteafdetc&ﬁp&%mﬁ@aean@aukiﬂglaﬁighar ge

specific surface area affects whet'her or not the 25 whol e el enent can
be uséd. FovtsTatienoxidizenerratkalijthatichenot egnventidnelly hewsd anBurdiesment sifiggra

L) Ol RS, TRl B A B0 067 AR RBRR B e o
nenbrane egovdred sAp asadindfal Rvéll baks aassmenbe Yife ubdmagaband cleiveMean be
fabric, Ogiggiﬁcantly extended, and a stable amount of permeated water can be obtained over a long
period of time. Therefore, high usability can be exhibited in highly turbid effluent
25  treatment.
[0014]
More specifically, since the expanded porous PTFE membrane is produced through
not only extrusion but alsc rolling and high-degree stretching steps, it is possible to form a
fibrous skeleton which has a small thickness and high strength due to a high degree of
30  molecular orientation, in which a high degree of porousness can be exhibited, and which

does not easily cause blocking in spite of high porosity. Therefore, it is possible to

provide a membrane material which has low flow resistance and high filtration



30 coarse structure, such as a net. Therefore, the flow resistance

i nside the support nenber can be decreased, and treatnent capacity

- can be inproved. For exanple, when conpared with the porous conposite
hol | owfi ber nenbrane of Patent Ref. 1, even if the expanded 8
porous PTFE tube serving as the supporfing |layer is designed to have
a large pore dianmeter, flow resistance due to being porous exists,
and there is alimt in reducing the flow resistance. In particul ar,

‘as the f'ﬁyf&ﬁﬁaﬁ Of d&qd Qﬁ@;thgﬁclq&hﬂﬁ'ﬁm&fbfah@ﬁﬁ%w r[égfo}e? hﬁa@e amount
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separatio rrenbran el e@egcgléfor fi.ltration of the prese ?e i nvgntl on,
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Therefore, continuous operation is possible. Furthernore, since the

separ at i ofeleating eanef wriensrhemicsts aerordingdo e tyneof Beposits, pechwhencnegeseaty,
using a | gwg Eigﬁ onBQﬁtPat‘t’iﬁeShﬁo‘?texm%Qg aflﬁél? clle aﬁ%{l SR ?‘% rglgge](!r)éfdlzer

changed dependi ng on usage |ns ion si
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filtration rrenbrane has a crrcular cylindrical shape in which the
cr oss- secPil gndithedike fremi efflusint.cul ar, el | i ptl caI or oval. In addition,

the cylindric a ma

which the cr ogésongé%:u%’m%aa%%l%ape Egﬁ{rﬁ%’a eglglgﬁnst %CHLE(%I %ﬁ@gﬁér
quadr anguhmbryed fgndalsuppexagabea) and die 1t ag{awaber @&é@ﬁp@ﬂﬂigl members
preferably, lté)ﬂ(al_ﬂcyl indrical filtration nenbrane has a circul a

cyl i ndri c&f® @erplE Rdate & AR POPN Of tagastwihfheTiuicts be Spatend the
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slowly proceeds, causing no practical problems in many cases. That is, the chemical

resistance of the membrane having a large specific surface area affects whether or not the
25  whole element can be used.

[0015]

Furthermore, in the separation membrane element for filtration of the present
invention, the support member for maintaining the treated-liquid passage of the cylindrical
filtration membrane can be composed of a fiber assembly, such as a nonwoven fabric, or a

30 coarse structure, such as anet. Therefore, the flow resistance inside the support member
can be decreased, and treatment capacity can be improved. For example, when compared

with the porous composite hollow-fiber membrane of Patent Ref. 1, even if the expanded



9 range described above is that, if the diameter is less than 3 mm
it beconmes difficult to forma circular cylindrical filtration
menbr ane by bondi ng both edges of the porous sheet, and al so the
surface area occupied by the sealing portion increases, thus
decreasing the effective filtration ne¥brane area, which is not
desirable. On the other hand, if the 5dianeter exceeds 50 mm the
filtration nenbrane area of the cylindrical filtration nmenbrane
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filtration. Furtilerm)re since it Is posglb le to egsHy formwa

| ami nat e ambdapdsitsgapbe wunvedelficients H&lererﬁge,dqonﬁmmsmopqwm igipesvibleer s,
a porous filtr on msrrbra havi.n i articl Ilectlo

o T ctency.  hignERg e U5 APt O ot it For g fica Be

ef fi cpent hmnmmmfea@hug 8 ow-L840 b8lous sheet, H’fe?fo&r(ﬂﬁhskcr daf®e €¢plgrti@tpepor ous
PTFE nmenbr ane _has a nean pore dlarreter of 0.01 to 5.0 pm In_this

range, a flenendiag opfheiusianand thranstallasion siss eny epssesetional a@p@wtﬂ:% qay be

manut act UFad oy R e R e T B AT R REpAEh Frocesses can b

reduced thus facilitating assembly, all of which are superior to the hollow-fiber membrane
element,.
25 [0016]

Preferably, the cylindrical filtration membrane has a circular cylindrical shape in
which the cross-sectional shape is circular, elliptical, or oval. In addition, the cylindrical
filtration membrane may have a prismatic shape in which the cross-sectional shape is
polygonal, such as triangular, quadrangular, pentagonal, hexagonal, or octagonal.

30 Above all, preferably, the cylindrical filtration membrane has a circular cylindrical
shape with a diameter of 3 to 50 mm.

The reason for setting the diameter of the cylindrical filtration membrane in the



Furthernore, the mean maxi mum |l ength of the fibrous skel eton
surroundi ng pores in the outernost |ayer of the expanded porous PTFE
menbrane is preferably 30 pmor less. 10 In particular, when an

ef fl uent containing activated sludge or an effluent containing fine
particles is used as the liquid to be $reated, the nean maxi num

| ength of the fibrous skeleton surrounding pores is nore preferably 5
gmor |less. The nean maxi nrum | ength of the fibrous skeleton

sur roundi r

det er i el g SEToddhobinFs i 3 R oot e ndh B B SnRBAT f o
bet ween t M1r@marrcyhndmal iﬁieramm'rm@hhrmye o bcmdmgrbeth‘ salgeseat tlitypdrdm shes, and
portion agg fi bers connecte ret 0020 Accordj ng. to anot her

i ndex, R thgstface aprg 0@&% INGRERLSS S desiSasing e 1 i cl e
col I ecti ogff&fu% ﬁlhﬁﬁﬁﬁ(nﬁﬁlb%e/‘h&é mélﬁs andeQﬁ‘&Hlé C'&?th\é"&h’ét RarB 3 tHleC! ©

di aneter of 5 pm I'n particular, when an effluent contai hlng

act i vab eddisingtéy exoscdsaﬁtﬂ rethif the Slttation meaibreng grehiofithepailindrichlddtratonused as
the liquid to be treate article collegctjon efficien

or et or ool elBpRE RS s TR ko rBes, ih o bésiRtE e Yre dpmesenss
pm The pafthé 6ylendeiedl fidedtiod MncdibrireiiemMer: préfefBHSIS 8 0 Bim, e stiiPmbv Ng
nmet hod: The expanded porous PTFE nenbrane is punched to a circle with
a di amet eprebrably 20w 40mmnd set into a hol der. An aqueous sol ution

cont ai ni ng pol Q .t :
EvnooPERES 2o B LABdh, At IRARARRE Rl bofilofiTuiRbAGH i o Ao
Cor pOMtd i me)élb]tmrl)t crfghegcyﬂmdm&ﬁ adomnmmbragat:axﬂaels%agbiuﬂanly, Eht‘ﬂdi&eﬁmblys h
prepare iltered usi X ous |c
P e bben Bado 4l S el o itea EnBA B m YO B AT

for the agye@tsn ﬁleingﬁah@ elehﬁﬁﬁb@m%@{iéd éfrtﬁé q_:@&nﬁﬂl%ﬁti%ﬁ it 1s|ﬂo§s%1@to and
the ratio between the two is cal cul ated he absorbance i s neasured
usi ng an mlapyfagting|asuopresddonted mombrane pledtle haviag ay efiestivelengthef3 pyor
Shi madzu %%;éoor ation, I N-160) at a wavel ength of 310 nm (neasurenent
accuracy 1 00). 11 [0021] The average thickness of the expanded

por ous$s PTREIWenbrane is preferably 5 to 200 inn, and the porosity of

t he expanded rous PTFE ne preferahly 40%to
P pI%e expanded porous rYg'll‘FEﬂ]mem rane constltugng the po(r)ous sheet may be

obtained by uniaxial stretching or biaxial stretching, but is preferably obtained by biaxially
stretching a shaped body formed by extrusion of a paste containing PTFE unsintered
powder and a liquid lubricant at a stretch magnification of 1.5 to 10 times in the

20  longitudinal direction and at a stretch magnification of 2 to 40 times in the lateral direction,
and then sintering the resultant porous membrane, The biaxial stretching can enhance the
strength of the fibrous skeleton surrounding pores.

The expanded porous PTFE membrane obtained by this manufacturing method can
have a high porosity while having fine pores and have high particle collection efficiency

25  and high permeation capacity.

Furthermore, the shape, size, etc., of pores of the expanded porous PTFE membrane
can be easily controlled by changing the stretching conditions and sintering conditions,
such as the number of steps, the temperature, and the magnification, and the like according
to the liquid to be treated and required performance of filtration of the separation

30 membrane element for filtration. Furthermore, since it is possibie to easily form a
laminate including porous membranes having different pore diameters, a porous filtration

membrane having high particle collection efficiency, high porosity, and high performance



e

90% 5The average thickness is neasured with a dial gauge, and the
porosity is neasured by the nmethod described in ASTM D792. [0022]
Preferably, the expanded porous PTFE nenbrane has a tensile strength
(according to JIS K 7113) of 10NI/m® or nore. 10Furthernore,
preferably, the expanded porous PTFE nd®nbrane has excel |l ent cheni cal
resi stance such that, even after being imersed in each of 3% by nass
sulfuric acid, a 4% by nmass aqueous sol ution of sodi um hydroxi de, and
an aqueou | et 1 adi hypochl orite having an effective

chl ori ne %gﬁ%gﬁﬁégﬁpgﬁm%%e%%g% at a tenperature of 50C for 10 days,

t he anounf00d8] perneated water is not decreased, and the nenbrane is

15 not d 0023] In t | i cal filtrati nbr. fot
or esont 1 muent R E00n e sBrpie St T Bhmbraps i B R gechr o 01
| east parid 2 L. CoBRSaHeeOh fithePSRAMGE FanBO IsPrSseht HbFedth ﬂtiﬁiﬁ;qlﬁ:?zlitgge

porous sheet may be conposed of a single expanded porous P

menbr afie, may The msanposatiamdterds neadsural witli mBérmdPorgmpior masufrEEd by PMI
menbr anes, hayi ng_di f.fer peci fications, such as pore dianeters, or
may be co%%%Lﬁgg?ergP?éﬁ\Bhé?‘e i ncl udi ng a porous PTFE nenbrane and a
porous nepdyiepe conposed of another material or a porous material

sheet. Furthernore, the porous sheet may include a dense |ayer
provi ded on a Bithgimore, the mean maximum length of the fibrous skeleton surrounding pores

in the outermost layer of the expanded porous PTFE membrane is preferably 30 um or less.
10  In particular, when an effluent containing activated sludge or an effluent containing fine
patticles is used as the liquid to be treated, the mean maximum length of the fibrous
skeleton surrounding pores is more preferably 5 pm or less.
The mean maximum length of the fibrous skeleton surrounding pores in the
outermost layer of a membrane surface is determined by measuring, on an SEM image, the
15 maximum distance between two points on the periphery of a pore formed by the resin
portion and fibers connected thereto.
[0020]
According to another index, preferably, the expaﬂded porous PTFE membrane has a
particle collection efficiency of 90% or more for particles with a particle diameter of 5 pm.
20  Inparticular, when an effluent containing activated sludge or an effluent containing fine
particles is used as the liquid to be treated, the particle collection efficiency is preferably
90% or more for particles with a particle diameter of 0.45 pm.
The particle collection efficiency is measured by the following method:
The expanded porous PTFE membrane is punched to a circle with a diameter of 47
25 mm and set into a holder. An aqueous solution containing polystyrene latex
homogeneous particles (product name: DYNOSPERES 55-052-P, STADEX SC-046-S)
(manufactured by JSR Corporation) having a particle diameter of 5.125 pm or 0.458 pm is
prepared and filtered using the expanded porous PTFE membrane which has been set, at a
pressure of 41.2 kPa. The absorbance is measured for the aqueous solution before
30 filtration and the filtrate, and the ratio between the two is calculated. The absorbance is
measured using an ultraviolet-visible spectrophotometer (manufactured by Shimadzu

Corporation, UV-160) at a wavelength of 310 nm (measurement accuracy 1/100).
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25 expanded porous PTFE nmenbrane or on the outer surface of a
| am nate. When a dense layer is provided, a cylindrical filtration
menbrane can have a structure including at least two |ayers, i.e., an
expanded porous PTFE | ayer conposed of an expanded porous PTFE
menbrane and a dense | ayer, and the eXpanded porous PTFE | ayer can be
used as a shape- maintaining | ayer serving as a supporting |layer for
t he porous sheet. 30[ 0024] The dense | ayer nmay be forned by a nethod
i n which Ekzg&particles of PTFE and PFA (tetrafl uoroethyl ene
perfl uoro yvi nyl et her copolynmer), FEP (tetrafl uoroethylene 12
hexaf | uor opr opfHeenaagofhirkyase b)) the expahtiel pordis HTFE mgniermests prfferably 5 to
resi stance and heat resistance which are equivalent to those of PTFE,
or a sol utPbrm; gndibs Rarosityot thesepinded parpessP ﬂ?w&ﬁé% isgueferably 40feto
out er sur?@%e of the single expanded porous PTFE nenbrane or the

ace of the lam nate, followed by sintering. 5[0025] In
anot hef met hodlhe(adgrage thickoess sandasired edtha didl lgangepand the poogiydemeasired THE
is formed, into qua shape, the shaped body is
sintered, b%ﬁ’& qax:]g) #éﬁgxéfﬂﬁﬂﬁr cylindrical block is cut (rotary
peel ed) tgmb ma fluorocarbon resin film Alternatively, (2) a
di spersion prepared by dispersing fluorocarbon resin powder particles
10in a liquid Hrsfeapblﬁledxmd@hmwsg’ﬁﬁ rpcrhiate ag giterstnsiren b accarding
t he powde bound together by heating to a nelting point
or hlgher{')zgg~t lﬁgﬁﬁgéﬁrpgglstant substrate is renoved to forma

f 1 uor pgar bon rreﬁthmrforé prefdrasin, thé a@aﬁdekirpbfoln)s POFE (kb hb@e:fcunénlﬂer
stretched to forma dense | ayer, dense | aye

| ani nat edSksmieah resieasrrRgh gish sl ﬁ%glzemgwgﬁ@l ig gach crfét/ by @a%srisélrfwy 15
composed S uEAR) R RN BRSPS m byaroliE, SHRERGRIAS ol s
pr ef er abl yoddofhypochiorite. haing ap kffectivt cllotimecomopitmtion of 0P4)at otearpmture of
resinto E)(? & 90?95%5}% tlhg %]l'n%gl?t o?'lza@nneated water is not decreased, and the membrane is
15  not damaged.
[0023]

In the cylindrical filtration membrane of the present invention, the porous sheet

which forms fine pores is at least partially composed of an expanded porous PTFE
membrane. The porous sheet may be composed of a single expanded porous PTFE
20 membrane, may be composed of a laminate including porous PTFE membranes having
different specifications, such as pore diameters, or may be composed of a laminate
including a porous PTFE membrane and a porous membrane composed of another material
or a porous material sheet.
Furthermore, the porous sheet may include a dense layer provided on a single
25  expanded porous PTFE membrane or on the outer surface of a laminate. When a dense
layer is provided, a cylindrical filtration membrane can have a structure including at least
two layers, i.e., an expanded porous PTEE layer composed of an expanded ﬁorous PTFE
membrane and a dense layer, and the expanded porous PTFE layer can be used as a shape-
maintaining layer serving as a supporting layer for the porous sheet.
30 [0024]
The dense layer may be formed by a method in which fine particles of PTFE and
PFA (tetrafluoroethylene perfluoroalkoxyvinylether copolymer), FEP (tetrafluoroethylene



20 ETFE, PCTFE, PVDF, PVF, and the like. Anong these resins, FEP
having a relatively | ow deconposition rate even at the PTFE nelting
poi nt peak or higher (327C or higher) is preferable, and PFA is nore
preferable. [0027] The nol ecul ar wei ght of the PTFE is preferably
about 1, 000,000 to about 3,500,000, 23&nd the heat of fusion, which
is an index of nolecular weight, in the third step of a nethod, which
w il be described below, is preferably 32 J/g or nore and | ess than
47.8 J/g,p, 8i9n¥r) 36 h1iddhat(ng-chR R BHEERRAMUA Aeht 1Rt
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Then, the sanple is heated from?245 Cto 365 Cat arate of 10 Cmn

(third step). Thee thefids (Ingr (2) mayibs figtisr 5%0}166@ toamre demyedaypnaandithey of
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[ 0029] 0

The expression "mainly composed of PTFE" means that the PTFE mass ratio is
80% or more, and preferably 90% or more.
Examples of a thermoplastic fluorocarbon resin to be combined include PFA, FEP,
20 ETFE, PCTFE, PVDF, PVF, and the like. Among these resins, FEP having a relatively
low decomposition rate even at the PTFE melting point peak or higher (327 ° C or higher)
is preferable, and PFA is more preferable.
[0027]
The molecular weight of the PTFE is preferably about 1,000,000 to about 3,500,000,
25  and the heat of fusion, which is an index of molecular weight, in the third step of a method,
which will be described below, is preferably 32 J/g or more and less than 47.8 I/g, and
more preferably 32 to 44 J/g. When PTFE having the molecular weight and heat of
fusion described above is used, a porous material with a high porosity of 30% to 80% and a
fine pore size, i.e., a mean flow pore size of 0.01 to 0.05 pum can be produced.
30 [0028]
| The heat of fusion in the third step is measured using a heat-flux type differential

scanning calorimeter (manufactured by Shimadzu Corporation, Heat-Flux Type
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The dense layer is preferably as thin as possible for increasing the
flowrate 20 (enhancing the performance). The nethod (1) is
preferable because a thin film of about 20 to 50 pm can be produced,
and the nethod (2) is nore preferabl e because a thinner dense |ayer

of 2 to 20 p. mcan be produced. [0030]13Such a fluorocarbon resin film
beconmes difficult to handl e and stretchi ng becones 25 inpossible as
the thickness decreases. A thin expanded porous filmconposed of a

fl uorocar ' ' ' athinfilmto a
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bl o](c:ki ng r}‘brﬁe @iilggg@gﬁtgégw 3 O°arcpt &%8iF Bf rﬁ;{“@k@é?qnéﬁgpfi Ikheat | onb
P odulg et et BEnREE ol R s Iif mRl Bl e RS o e s

pr oduced e a ness, a us the thickness is
pref erabl y 10 Nexqtthd sample ipesdiedlidmm B0y’ GtoDh50C at e sse ofMieNCintie. phirea,

dianeter is 0.4 umor less, particularly 1QWhen the

0.1 | ess,
dense | ayibe srapleishprigd fomd5qEde poY deataraisof lglﬁé}%ag’g@ BgPk he dense
| ayer on the Iﬁhgggrgpﬁngtp%igbgasre@ﬂ)r%g&e (outer surface side), solid
C ep

particles separate n revented frombeing irreversibly captured
in the pores dheghatitieoiSeal dyerbed m the Btstttep derqpastitapEheaf ganeraddan the

initi stage, of so]id-liaquid.,separafi treatment. Furthernore, when
2w 11 TIeBit e b ks o e P Best o FiRLin e i e

bubbl es ofct@fiifddiyintes @A TRMvednB03° &and 350 € BBRERNS WP ¢ HR Jobag] #dt 0
be treated, deposits can be easily renoved by the flow [0032]

Wien a | abdtweane2%6AClandi B4 QoespeddivBlJFE nenbr anes having di fferent pore

di aneters qoz formed, the porous sheet is preferably conposed of at
| east tvvo[ rs, i.e., a lamnate including a dense expanded porous

PTFE nenbr ane 1heVikmg ldyesiiphdferabliyas & 8§ piaable fordAcleRiRAnoBsw BIEE
menbrane having a | arger pore dianeter than that of the expanded

por oudd pTierhapsipgthaperformance). n Togamethpdd bsis prefrretile begansg a thindilmmai abeit d
porous PT. i r ... di ter .l m_nat.ed on
t he inner Edét? ﬁ’ ;[%(['a glzg‘lebo? 23 %%4&? (?1 gn{ja?(h 6 gﬁe{ﬁ}éagp%glrs %{.Joggew %ﬁabrlre;lﬁ%r%ésﬁ gqﬁlﬁl\lﬁrng a
smal | er pgdnge Ry@OELES 26 Rmasn be pRAuskkled as a support of the expanded
25 porous PTFE nmenbrane having a smaller pore dianeter.
[0030] A
Stuch a fluorocarbon resin film becomes difficult to handle and stretching becomes
25  impossible as the thickness decreases. A thin expanded porous film composed of a
fluorocarbon resin can be obtained by bonding a thin film to a substrate and then stretching
the thin film together with the substrate. When a substrate composed of pre-expanded
porous PTFE is used as the substrate, a composite material of the substrate and the porous
film can be directly used. In such a case, the porous substrate preferably has a porosity of
30  40% or more and 30 or less Gurley number, and in order to increase the flow rate (enhance

the performance), the porous substrate preferably has a porosity of 60% or more and 15 or

less Gurley number.  Gurley number denotes an index of air permeability and are



When t he expanded porous PTFE nenbrane having a smaller pore dianeter
is in contact with or bonded to the support nenber, the treated

| i qui d passing through the expanded porous PTFE nenbrane in a

non- openi ng portion of the support nenber does not substantially
pass, thereby decreasing the flow ratd4 On the other hand, when the
30 porous PTFE nenbrane having a |larger pore dianeter is |am nated on
the inner surface side, the entire surface of the expanded porous

PTFE menmby i@ ns j r Hon
oo st anc e Ol Ay Rl SuRRE fnl AT Flrbhéal ot M PEITERTOT,

can be pefdllned wi thout decreasing the flow rate. When two

ded PTFE ff di t re
A nared. o | CHORGRE AR TR oIS AR PSR! PSS DTS of
expanded pRemBke BITE AR Bteroﬂaﬁovugﬁ{&mlﬁbnésﬁfaﬁm@fénﬁw& [aRes in

an inconpletely sintered state i ntegrating the nenbranes by

si nt er} ngexppadsgd3jorous PTFﬁmmb_rm, prevamtigg blyck %1 frowerasily posumingatpdeous I
ho! ot anc S EARE SR Elens ool BRI bl TR Ind Ay XFpIRY, TR

por ous PThiervanbe pfoduded seahiteee & Elﬁalhﬂﬁhkﬂ{'ﬁ&l aridahiisyth©thidkhess ssapre feeably
10As a nethod for enhancing the hydrophilicity of the surface of the
expanded HbHBE lqswmtwekaﬂv an oxlgss, whemthe poreamatesds 9.4 481 9dpssi zi ng

met hod i &h polyvinyl alcohol having relatively
excel | entgacrﬁ%‘pﬁr@a 1 |r ¥Snce is crosslinked with dial dehyde in an

aqueoyp sol ut |WHeﬂJt§b Béhsa Ty &Gk gr(ﬁ}'ﬁiemdﬁl%sc@ibe&ﬁmsmyrdi@dmﬁg tHd\ense layer
treatnment or the l|ike using an appropriate cross|inking agent. These

met hods cettheAgadito éﬁ@?ﬁt?,daﬂlq]%/(o‘i‘sf airiee side)y solidpprtislen yenamsnd dandey |
I'n additi ni’emérﬂggngﬁ'yﬁvpﬁléo gﬂ%ﬁ;‘iglt@ee%ﬂkscﬁlt@'&de?g@% & a%fag?ﬁga(l%ol )

al cohol c¢ po? ymer or t I sopr opy
or the |i ieteafier thérimitial nisgd mitsnlld-hqddeepardtmnmamst PFaherenvios, avhen a swirl

0034] 20Pr ef er abl t he,. por ous con it t he, cyl i cal
L erht f olowingsmanted by St sty e pibkle? B selicRfrenbiant fik

sheet 1 andihp BeltNgin A liRHDE be Ueatbd Qe Ean B ealifN@inddeEBiOMSE ol a

plurality of sheets to each other. en the cylindrical filtration
menbr ane [®3Zbr ned using a porous sheet, the cylindrical filtration

menbr ane can 0, roll
finish side, mh‘{é 5@%‘#&%‘ %/tl{'l Qég gg@gmﬁﬂﬁmgkaﬁ% lzd"%c?\idlﬂr% Etgguég in

te ][ ][TB of dl@ﬁl;a‘eteés is form&i ﬂhepdrhlﬂ ﬁmWr¢WMO&H-EEa?hB§g mmb?;bbnasl €., 2
sufficien endj ng .stre ex ven if the rane is
bent, fil [%’Eﬁ‘%ﬁ"’g‘é c‘?ép?j% ‘iP?rQWgﬂt’#éé nganP hpang %ﬂn'map"re

Bondi D@ OfijaldeRr b Ape?rB@sr BTFE HémBragk Bﬂﬁ)g" ePchulgeif lbd}b afanRted taffihai BEtheheet

and joining of a plurality of sheets are preferably perfornmed by
seal i ng ustpagdddgmrdusd [hibdesmiparessure, a | aser,

In such a case, preferably, the expanded porous PTFE membrane having a larger

pore diameter is laminated on the inner surface side of the expanded porous PTFE
membrane having a smaller pore diameter so as to be used as a support of the expanded
25  porous PTFE membrane having a smaller pore diameter.

When the expanded porous PTFE membrane having a smaller pore diameter is in
contact with or bonded to the support member, the freated liquid passing through the
expanded porous PTFE membrane in a non-opening portion of the support member does
not substantially pass, thereby decreasing the flow rate. On the other hand, when the

30  porous PTFE membrane having a larger pore diameter is laminated on the inner surface
side, the entire surface of the expanded porous PTFE membrane having a smaller pore

diameter with high permeation resistance can be used as a permeation membrane, and



300r the like. Furthernore, the cylindrical filtration menbrane may
be conposed of a bag in which one axial-direction end is closed by
bondi ng so that the inside of the bag is used as a 16 holl ow serving
as a treated-liquid passage. [0035] In the separation nenbrane

el enment for filtration of the present lisnvention, as descri bed
above, a space (hollow) for a treated-liquid passage is secured by
t he support 5 nenber. The shape, structure, etc. of the support

rorber 2 Beliftn Al b SURALLY phi Il S0 Ad OB SuL e oLl ow for the
qui . Pre

treated-|I1 passage can be Secure erabl'y, the support nmenber
i s in the shap¥heaftvatexparsd paves PEEDmembfanbchiaviagiéfidrént pore dienidtas ateed
sheet, or d .menber, hay| v- shaped _bent portions.

a.pl eat ng conti nuin
10The ter ikt E?a&%l%ﬁﬁﬂ/be qa_@#yef%gn? Ylaginalieg HreyPes QliTkeanded RATess
mat er i al SpRFE RELERES %r&ér?%%%k&éﬁﬁéd YTEE meMBAAM ¥ an Mﬁigﬁgéd% %gfr%{eﬁ state,

nonwoven fabric, a woven ric, and the l1ke. Wen t

menbers i sandi is{sgrativg the mambranemn by sistedegof the cylindrical filtration
menbr ane, nfiguration can be obtained in which the perneated
treated I[@é?—@ is in 15comunication with the treated-Iiquid takeout

openi ng whi | e Whén ey liguidid botreatddlié ErRdduebusERsthrh 23 ebdssas¥, alydrophilic
support ed. In order to securely formthe passage, a plurality of
suppor t i npelaavingerselisat chamicalygsisiancetis prefrrabdefivgdrintbeionten supfoes of the
bet ween t | | 1: ' ical
filtrati og%ﬁa{é%ﬁ%ﬁeg@%ﬁgﬁ @%{ﬁggé‘ﬁﬁ ﬁiﬁgﬁg‘g@?ﬁﬁ@rﬁﬁﬁé 5|ngf£‘+c>€r' ef erably
fixedl®o at | efsst methpdforienhuncihg thechydydphitidity ofthe furtace af tho axpaaddal mineus

rovever . bieblieifaae MIErE o Sh L LB 00t LSS L8y aRpLLET rom

support npPAhyIMRGhAIHavRE rélhtkRfy edcB@FPbhemical resistance is crosslinked with
dialdehyde in an aqueous solution using an acid catalyst or crosslinked by UV treatment or
the like using an appropriate crosslinking agent. These methods can impart chemicaliy

15  relatively stable hydrophilicty.

In addition, a method may be employed in which an ethylene-vinyl alcohol
copolymer or the like is dissolved in IPA (isopropyl alcohol) or the like and then
insolubilized on the porous PTFE membrane.

[0034]

20 Preferably, the porous sheet constituting the cylindrical filtration membrane is
formed into a cylindrical shape by rolling a sheet and bonding both edges of the sheet, or
bonding edges of a plurality of sheets to each other. When the cylindrical filtration
membrane is formed using a porous sheet, the cylindrical filtration membrane can be
formed only by bonding a roll start side and a roll finish side, which facilitates assembly

25  and is advantageous in terms of cost.

Since the expanded porous PTFE membrane has sufficient bending strength and
flexibility, even if the membrane is bent, filtration performance or strength is not impaired.

Bonding of the roll start side and the roll finish side of the sheet and joining of a
plurality of sheets are preferably performed by sealing using heating under pressure, a laser,

30  orthelike.

Furthermore, the cylindrical filtration membrane may be composed of a bag in

which one axial-direction end is closed by bonding so that the inside of the bag is used as a



25The support nenber is preferably conposed of a polyolefin resin, a
pol yester resin, a fluorocarbon resin, or a netal material coated
with a polyolefin resin or a fluorocarbon resin, which has excellent
chem cal resistance and is capable of thermal bonding. As the
pol yol efin resin, polyethylene or polyleropyl ene is preferable, and as
the fluorocarbon resin, PFA or FEP is preferable. Furthernore, when
used under mld conditions, various 30engineering plastics, such as a
pol yest er i . St 1 resin, a PPS resin, and PEEK

may be usgﬁsﬁiﬁmggg%lcu%§§“¢¥g Sggcése where the separation nmenbrane
el ement f@O036]Itration of the 17 present invention is used for

effluent treatymment and,t he support IS C osed af a_fiber
assenbly, such® %pﬂﬁm@ﬂbfﬁ'geoerl?rﬂ%ﬁggrefgtrm?g%ﬁﬁemdnﬁ%’luﬂﬁ’laéf in
resin havyagrifed MWl shdcd thaMiw) for aRARIMYuIEREIabS 1.sequnél byote Isupport

hydrol yzability 1s preferably used. Furthernore, when a highly
oxi di zh ngnentber ance, such as hi gh-concentrati on ozone, is used for

2 Copport monbilE PBRpBOBR %, O f o Bl P Furps Hat Gl o D

of a pol ygd b hoildwe Sir theafeattdaiquidusisiake cdl hearagead. b @refeblynthe supgpaet her
porous sheet is |lamnated and integrated with the expanded PTFE

menbr ane, TEBPeRiR dmibE shape ahatienst e mesh, pHlabes assemblys ppesgrated shegt: Bya
heating u s US) | i-ng. apparatus according to
t he size g@%ﬁ?@%ﬁ%ﬁ@%ﬁ%&?‘#?ﬁ‘{“gg‘?:h&geg"&gg? pressure and heat are
appl i éd from tHe texpditdeasaoblplisfdTeh smoturainevischdizhrowshmathridlagrea

hi gher nel t.in oi nt, .so that the surface of the net, the fiber
Rssenbl y. OB Sy & iy g HSE phgv s icun ePert B aPdugh
t he expanggdigor ous PTFE nenbrane, partially enters fine pores of the
porous 15 PTFE nenbrane, and then is cooled, thus realizing reliable

seal i ng. The n®hen thesuppogmanbet iriijposedenmuhainnerside affhesqybindrical filatin
met hod at d . r . i fa s

et or -t FSBIREe & Rburaion con b obURICTRL Gich Wt pel RBe AR tia
separ as el yomimuhioationbatinge eedted-Biuid bdivele dpéning wiilectiik cylihdricall filtration
filtration nbrane. 20When t he ot her porous sheet is used, a

mat erial FEHORRCIGYANY SOPPR: st ance and |arger pores is preferably
sel ect ed becauger@ td 8ukES8m fe paliGgd, WpRIrhIRD oPupBortinp BRibers R3]
The support menber conposed of the fiber assenbly, the net, or the
ot her por duerpesed et a preddterormaddnteryal brsweewthe inger surfaees Spcing the spage of the
space of the ex d_porqus PTFE 25 nmenbrane. As descri bed above,
t he suppoPglwgﬁﬁgﬁgﬁﬁjg eén%d?nreectly | am nat ed on the expanded porous
PTFE genbr ane, F@thefiBite, ike Suppoee theinbbiois prefeabln ditked fohut wdgh ppadineithe

porous nenbrane | gcated on the inner surface side of {he expanded,
por ous PTEHIdER#HHiraionypempranse h Howexer Rdhecass whisre g of Hiledogsigressure is

assenbl y, oLHL Bin thetredtBELQLD She, RAEPHIN BREHas RRIREIMBRL the BRiPoHGherhtie
treated-1idqui d passage, and the planar shape of the cylindrical
filtrati omayewbbeaimedpr ovi ded with the expanded porous PTFE nenbrane .

can be St%ﬂ%l mai nt ai ned.

25 The support member is preferably composed of a polyolefin resin, a polyester resin,
a fluorocarbon resin, or a metal material coated with a polyolefin resin or a fluorocarbon
resin, which has excellent chemical resistance and is capable of thermal bonding. As the
polyolefin resin, polyethylene or polypropylene is preferable, and as the fluorocarbon resin,
PFA or FEP is preferable. Furthermore, when used under mild conditions, various

30  engineering plastics, such as a polyester resin, an ABS resin, a PBT resin, a PPS resin, and
PEEK, may be used.

In particular, in the case where the separation membrane element for filtration of the



18 [0039] The shape of the hollow constituted by the cylindrical
filtration nmenbrane and the support nmenber is not limted as |ong as
the treated liquid can pass through the hollow. By using a
cylindrical support menber provided with pores in comrunication with
5 the treated liquid, such as a fiber jgassenbly or a net, a holl ow may
be provided inside the cylindrical support nenber. Alternatively, a
configuration may be used in which the support nenber is fornmed using

a worked vi. d A f out l.ets .in..commun tion
Gt o e DERA Y it % Mest Bty b B sBifbr Hedotel s SPPIHgRb
| east on fike aise@dlyeshch gy hehvi@ise aibtic Qﬂ%ﬁh&%ﬁ (setyle pelyolefih rdslithaving a low
cylindrical filtration nenbrane, and the 10 outer peripheral surface

of the wonRkias reinbepod workehiliy, g lPWélYleH@ﬁblbé’rlﬁ prﬁé%hly 85eelf afwthsrmenge
cylindric gy

el in V\ﬁ %Aﬁ%ﬁl?%&f&ﬁknﬁﬁ%&%@% Eg&sl‘ﬁ 'gp%cgrétr ﬁ%géder féa?éddfapcl OéP
nenbershawﬂmgommhﬁmnmnngnmkmbhapaﬂ bent portions, a hO||OM/IS

provi ded kﬁﬁ@ space between the support nmenber and the cylindrical
filtratio nmbrane. 15[ 0040] The support nmenber nmay naintain

the shape of tWﬁ‘enCay§u bpsH meRberfco Béﬁi'cﬂ’ﬁ BB eIy bOReLR&h) ¥rhpbsed of a
frames, which wl be descri bed bel ow. Alternatlvely In view of ease

of work, eolyaefin lgﬁma@r h@ﬂtrﬁml;le fleorgeaslepr msm/hr givthen eorsumi@ﬂtls laenmd angl

i d hav d
cg:)gﬁl I |S?y, 5&3‘ @ﬁlgu# 8??4%%‘8?“"’ téﬁlpgﬂ m?hg"grt i aﬁl rical
filtregi operfedied Byieatih Oddk} pr’éhs@résmaamem1 beitigtpparatue BRIdEdiAPto the

filtration of the present inventjon includes sealing parts which seal
bot h axi a?rlzeoﬁfﬁ’éft?t‘ipﬁ?ft BsEderof It fiwh a gasenpriessurs andheatiagg apghedrigpmtbthe so

as to Ie egﬁ)gin [ at
IS, the g?fb% le)‘r?gﬁn; e ggldlg Qt{ihgh%:?*ﬁwl caﬁlréfﬂaﬁt%gﬁ%r?%h
menbr ane, smfabremf thdpet, ﬂlhﬁbtrraean’éw br the likle isanﬂmlly neftehbnbgat asfaerdl ed.
In additi t he confi qgurati.qh i n, whi ch rectj,on end of
Lhe oyl 1 rarueBiitpfiaa pARLEE T mebore ganfl§ o hne foteS R i1g Bofols
axi al t3li rETRE REmBAEe, nd HRAliecbokd, A fealitiR@MHablb Sealih@at Bft-théifibtagk

t akeout openi ng open, a conflguratlon may be used in which both

axi al - di rdemen garbrisanyfectured by eich @ sgaple sethod abredueedcpttat ed- | i qui d
takeout openi M%%réihe%e??sﬁé]nﬁ?,qhe net, or the other porous sheet may be spot-

glued or provided separately without being entirely bonded to the cylindrical filtration

membrane.

20 When the other porous sheet is used, a material having low flow resistance and
larger pores is preferably selected because of the need for the function as a support.
[0038]

The support member composed of the fiber assembly, the net, or the other porous
sheet is located on the inner surface side facing the space of the expanded porous PTFE

25 membrane. As described above, the support member may be directly laminated on the
expanded porous PTFE membrane, or may be formed into a laminate through another
porous membrane located on the inner surface side of the expanded porous PTFE
membrane.

When such a laminate is used, the fiber assembly, the net, or the other porous sheet

30  does not obstruct the treated-liquid passage, and the planar shape of the cylindrical
filtration membrane provided with the expanded porous PTFE membrane can be stably

maintained.
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[0042] As the nethod for formng the sealing parts, for exanple,
configurations (1) to (3) 19 described bel ow may be used. (1) The
sealing parts are constituted by a pair of frames di sposed at both
axi al -direction ends of the cylindrical filtration nmenbrane, and the
frames are fixed to both ends of the dglindrical filtration menbrane.
5(2) The sealing parts are fornmed by closing both axial-direction
ends of the cylindrical filtration nenbrane by sealing using heating
under preﬁ%l_,,u?f or a laser, and the treated-liquid takeout opening is
formed wi tho bei ng cl osed by seali ng. (3) I'n the above-descri bed
(2), the treatThdshdpeguoi thethalewuonstipasd hyghes cylamdrital tieation meanchrareaind the

ARG PR SRR TR MR AT
(1), the cylingrigla Jyli#l&r{c%i LPoTRIERAN R0 FialY Qgh BstedlirteonBRldicatiBe with

b
support nenber "andthé frames, and thus a stable configuration can be
obt ai ned. thEitreated Harad, sétaas o fiber agsemblytan a@atds hollow ay by piavitied desfide the

s b ARG U nd e O SR SRR, 7 Gl o Rhon
i ntercon nag;pbﬂﬂ thefibaine fdimed ﬂﬁln%la g indhtber poRlded Wit alflurkht§ of @tHidini N
|

t he axi al rection of the cylindrical filtration nmenbrane. By
on

provi di ngeempRURicatiep etk irsaitgl- iquidiakeont pRaninggthe ppsibare aAngsd ahlopy
t ably, eyl i ]t i : . t
heta. 20" EGAF Bt Beb i pering HPLOR SEARLANG ARABE IRl Bl |
mai nt & ni owert geeiphardaticfabel af thel worpebmamgberis fiked th ¢hesinpgy petipheeatisenface bhie
| i ts, f d .onl | | d th ends.qf
The. oyl bR o R TR arilr SRS S e FivaR B e
el ement f ggnd 4 fuph&ik hiRMbEAH R sl pleatedbidrkéd tﬁ&nb@'hﬂvi\izg eoxﬁuﬂﬁ@r\:- of

parts can be decreased. 25In particular, in the case where the
seal i ng p&hapsdbenbportions, & hollaveisipeeridediin  spack betwisemibe sARportonerplar peditheo

be prot ec%)ggﬂg%lhiﬁ%q_ﬁ%x}bpaeﬂepr ovided so as to cover the sealing
€

portion. ranes are preferably disc-shaped, and the
axi al 18li r pO4djon ends of the cylindrical filtration menbrane are

Surt aces of 1 HECREIABorMiS (S PORE (o DBl gy oo FHEIOn repgine.
di sc- shapggethEARRS fra?dwRRE Wil 88 dkribdiretott.| NlidrCAivell] ih it bQse of
menbrane nay be buried in the grooves.
work, a configuration may be used in which the support member is formed so as to have
cylindrical or prismatic shape maintaining capability, and the support member is covered
20 with the cylindrical fiitration membrane.
[0041]

The separation membrane element for filtration of the present invention includes
sealing parts which seal both axial-direction ends of the eylindrical filtration membrane so
as to leave at least one treated-liquid takeout opening open. That is, the outer peripheral

25  edges of the cylindrical filtration membrane, other than the treated-liquid takeout opening,
are sealed. In addition to the configuration in which one axial-direction end of the
cylindrical filtration membrane is sealed, and the other axial-direction end is sealed so as to
leave the treated-liquid takeout opening open, a configuration may be used in which both
axial-direction ends are sealed so as to leave the treated-liquid takeout opening open at

30 eachend.

[0042]

As the method for forming the sealing parts, for example, configurations (1) to (3)



R

20 By providing the frames in such a manner, the treated-liquid
passage can be nai ntained by both the support nmenber and the franes,
and one end-opening or both end-openings in the axial direction of
the cylindrical filtration nmenbrane can be protected with the franes.
Therefore, a stabler separation nenbrgoe elenment for filtration can
be 5obtai ned. [0046] The franmes are preferably conposed of a resin
material, such as a polyolefin resin, e.g., polyethylene,

pol ypropyl,en r.the Iike, .a polyester resin, or a fluorocarbon
resin. A g%*?ﬁ%“@ﬁ\?@“ﬂﬁ%*’%*% material, such as stainless steel,
which is tingat eshling partstardPEdndBtiuted By Qpafr BE frimkedibpbsali 3D hex Hird®ion

coated with a dispersjion of fine particles of the polyolefin resin,

t he pol yesndsof thesylindrisal filtratiqn memiyans; beshthe &rames argdiged todwtiberids@f thas i n
t he suppor;. h fr s can be heat-sealed with the PTFE
menbr ane ?%{n@@?ﬁ%aﬁrég Y& e, and adhesion and bondi ng property

W th r®speTht sealihg partradeiformbEly clodnp beh axilbdieeton édd8 47 the toimdicahen
the frames, are coggosed of the polyalefin resin as in the support
menber, t AlraiprEembrang by seehag usinphdating whderpressire o alawer japd thedrepigdn ot

| ar ge unl j; L adr L) td .. Therefore, the
frames argéﬁ]ﬁ%g%go eéb%@é%‘kgﬂtne{iy@g‘?tit}g&g C(T:Eﬁg%‘lﬁga s'}n ised during

chem cal (3)é&athenboveadedcribad (2)t thel reatediliquit kekesutopadhdsidd oftthecdmdeacat | on
menbr ane ement for filtratjon.. Howeyer, in, view of chemnjc

resi st ancgl,tmpﬂ%mf@%?ﬂﬁ) ?Seibﬁﬁéwgmﬁ%aw&eww ,tr%?ﬂ]lqa? tRkeoHes,
are pief epaling conposed of a fluorocarbon resin, such as PTFE, PFA,

PEP, or PVDF, "and in particular, FEP or PFA which is easily thermally
bonded antPOA3k excel |l ent chemical resistance. Furthernore, when used

under mld condition var i engi neerkng.plastics, suc

pol yol efin rerslﬁ H}e anﬁ%'f@téoé’t@#%}eec ﬂﬂ‘?}“%@‘}i%%&} %g?]%r,an%cqgélf%gd}yraﬁm}éthﬁPS
resin, anghpphitkhenibByaridahd Gftles, bFthis NaabI® e figamtiol s&r idudehigdove, in
vi ew of excellent workabili tyb,ﬁ the frames, may be conposed of a netal

., may {
mat eri al coat ddevfamss theblix deibgtheade pf the cylingpgal filtration mesnbrgne &%t hod
for fixin ) ! : CuL jcal . fiil.t J r to
the f L aneoihiyCHS: BRERL RATa Rl M\ bR e ch o R TRIR 0P
menbr ane, beart ercdneatting frame hatngd lengihwermeppndiag tsthd lenkihvie teraxial
heat - seal i,ng..i s ef er apl sed becguse it is possible to prevent
di ssol uti g’ﬁ&&f’“f’ﬁ € ﬁH@?F%éﬂWﬁWB Muring operation or cleaning of

the filtrati orgyRBALAEYSe intefcoRAdctihg HhRE, a fait dfHAnfed & MNRIEANE The fle
cleaning treatment is performed.
cylindrical filtration membrane can be more stably held.

20 [0044]

In each of the configurations (2) and (3), while maintaining the treated-liquid

passage with the support member, the sealing parts can be formed only by sealing one end
or both ends of the cylindrical filtration membrane. Thus, the separation membrane
element for filtration can be easily fabricated, and the number of parts can be decreased.
25  In particular, in the case where the sealing portion of the cylindrical filtration membrane is
desired to be protected, a frame may be provided so as to cover the sealing portion.
[0045]
The frames are preferably disc-shaped, and the axial-direction ends of the
cylindrical filtration membrane are preferably fixed by heat sealing or bonding to the
30  circumferential surfaces of the frames. Furthermore, grooves may be formed in the disc-
shaped frames, and openings of the cylindrical filtration membrane may be buried in the

grooves.



21 Heat-sealing is preferably perfornmed by heating under pressure or
a laser. [0049] In the separation nenbrane elenent for filtration

I ncl udi ng the porous sheet conposed of PTFE as a base which excels in
chem cal resistance according to the present 5 invention, when the

ot her parts, such as the support nmenbey and the frames, are al so
conposed of a fluorocarbon resin having excellent chem cal resistance
so that the entire elenent is conposed of a fluorocarbon resin, and

nol i i f Ol by heat -seal i the, like, . 0 ri th
T re o b ot "B PUE the treneth S5 eR bne iGisolBlq Myt SR W1 S
cheni cal s pRGReA BYDokiPthe B@plgoﬁa@lemﬁer hiiEthk Eemies] ah®ofeeddr@pahiag opbyih thd

u

cl eani ng 10chem cal . rthernore, in heat-sealing the porous

sheet's, t hpengngsime asial diraction of the pylindrieal Silfeatign snembsanecanybe profagied with
lindrical 4] ' , li ke,
R TG e T L L T AR

bet weep bgbtaineéirts, for exanple, by applying a filmhaving a nelting
point equal to or |ower than that of the 15 nmenbrane or the nenber or

a di sper si®H6tont ai ni ng particles. Meanwhi | e, the heat-sealing
operation can ﬁfefpa%efs%fegﬁgfe%lf&mp\sgea%faﬁsﬁmweﬂmesﬁaﬁ%wsﬁoﬁﬁﬂ rdigat
in order to suUppress a change i n the porous structure of the porous

menbr ane. el gbiyethpleye, polyprapyess,wr theilikes epodpestedreain; er a fleavdankpnfresin.a

predeterm ned {jne ihyough coaling,step., The re n, for thi.s is.
Phat. i cool i PFmaIvaELa perl maRrga: Hohar Shplesssiot IGe it P P imhe
nenbrape ERihe BRE t Aivhnce M YeRohted HitARIRPErsion WE AndparbiclbeGtRE polpaleinray
be extended. These techni ques nmake it possible to produce a finished

filter comgontheolMebtetresis, ardhe Busirecaches resin. ehd thes bakeadowAg pile support
| uted subst ' PTF : Lty . g
P o S 408 ok R UMAIR HE PSP B e 6L i

provi des andEinasiongndBasiding ph&perth withrrespano tRedrdus sheektartrahhpreatsur e
filtration or_imrersion-type pressure suction filtration, the
menbr ane ®dl e i ncl udi ng a plurality of separation nenbrane el enents

for fijktrationgdasah MRoEARRVE cdnébo‘é%f &hnd Ryl e?ihi/&\lﬂg,%}htﬁg 8Rc

elenents for filtration are connect to each ot her ace
t her ebet waembes HeGp&diic Firfaceraneh invvatanioslith theflignidfis hetrlarge omlikefilng

CraTpl e, T B ROLLANAL | Sl BRSSO LoR EIIAR
chemicals used during chemical cleaning, and do not decrease the strength of the
separation membrane element for filtration. However, in view of chemical resistance, the

20  support member and sealing parts, such as frames, are preferably composed of a
fluorocarbon resin, such as PTFE, PFA, FEP, or PVDF, and in particular, FEP or PFA
which is easily thermally bonded and has excellent chemical resistance. Furthermore,
when used under mild conditions, various engineering plastics, such as a polyolefin resin, a
polyester resin, an ABS resin, a PBT resin, a PPS resin, and PEEK, may be used.

25 Furthermore, as described above, in view of excellent workability, the frames may
be composed of a metal material coated with the resin material.

[0048]
As the method for fixing the end openings of the cylindrical filtration membrane to
the frames and sealing the ends of the cylindrical filtration membrane, either heat or an

30  adhesive may be used. However, heat-sealing is preferably used because it is possible to
prevent dissolution of the adhesive component during operation or cleaning of the filtration

apparatus, in particular, in the case where chemical cleaning treatment is performed.
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22 treated-liquid collecting tube is disposed above the separation
menbr ane el enents, and the treated-liquid takeout opening provided on
t he upper surface of each of the separation nenbrane el enents for
filtration arranged in parallel is connected to an end of its
correspondi ng branch tube branched fr@hthe common treated-1liquid
collecting tube so 5 that the separation nenbrane el enments for

filtration are suspended and supported. In such a configuration,
many separat i e ARG S SHE Yo fFolnd ok !1 Il ed,
and a |l arge e??beactl ve gﬁn&’n@reamg%ar%a call)%hb‘Ii tedélg% the orlfé1 a

| arge tref0dght capacity can be obtai ned. Furt her nore, it is

t fi filtrat t i 10
are’di sposed HBfeEr IR RupFaR ORI MO o el S bosRls S8 aces
of the NeghhRRESIOAIFRR abaSARBith BitielsGh Blamicdl 2Rence accordllrik B Frbsm

it is not al'ways necessary to arrange the separation menbrane
el ement s inyentfon| whmth@nthﬂlrpaga;sachm ealmmamcmbgmdghfr &amcmallemlsmhl ch a

AR E D RN R R AR R

radially, elsﬂabﬁtaé tompdsé ¥ aShdpcaibon Wi Bnd iseermﬂmgﬁ@p@fma@by hdat-gealihe
sides of a oI gan, concentrlcally, or the like. [0053] Furthernore,

t he nenbr @ Engsor thejlike arerriob Feamiage- bd huw e Jemend can karpphied to20

i nd t
merber i Al t R L L R A S R
bei ngl@n elrennq:ukn state, to a fixing rrenber to forma treated- Ilquid

t akeout openi In this case referably, the fi nber serves
neSeal i ng. partEhpEore, DI aTHing M posassEks Bf R AEaE R o
filtratiogyg tﬁé‘ﬁa&?@t%@hﬁ’c&ﬁ:ﬂl ﬁ‘lﬂﬁmﬁf ﬁeh&aﬁ@éﬂ?l‘-tﬂé gbl@&d’ﬂb&ﬂ"‘o@tﬂe tiRs e
of a collecting header ~ 25and th a collecting tube serving as t he

tr eat ed- | prget t¢ Improxe workapidity mgl reluabllttmasblws ean hiefused botwerp botnpasts, fos

f bl I
it anot nereIR RS i e & AR ABhE S s ol Bhuefec o IF G SREIEN oE B
an ABSS r esiembrai@yr the msaddr clendindisig d@ntanﬁngckba&mcms for use (in
particul ar, cl eani ngﬁcondi tiopns). In such a nfiguration, one

treat ed- | i qui dMeanpdladhobrairealing gpem*@v.cerébe ms rigeby MIAling PRPjORsiate
separ at i O&egﬁ%am@zg% em%mg%uﬁ Essfa 'ch&ﬁpg%tlﬁﬁi% ?dagsﬁﬁctmé o'k pBRGESSary
to pr ovide a treate IQUI eout openi ng fOOI’ each separ gtl on

menbr ane membene. fRIcfefabl)t thatpressyre tsrrellewdz aﬁcrr’:phmfgﬁpngpmdde:ﬁmmdl timat i ng

the manuf %&u‘ék% cgf)ln;[gh ¢ ?egseon or 1s is {ha{ 1ff cooﬁng is'nof performed there is a

20  possibility that the membrane may partially adhere to a member, such as a heater, and may
be extended. These techniques make it possible to produce a finished filter component
which is reliable and which has a low amount of eluted substance using 2 PTFE membrane
having low melt viscosity and low adhesiveness.

[0050]

25 Furthermore, the present invention provides a membrane module for filtration used
for external pressure filtration or immersion-type pressure suction filtration, the membrane
module including a plurality of separation membrane elements for filtration described
above, in which the separation membrane elements for filtration are connected to each
other with a space therebetween.

30 [0051]

- The membrane module for filtration, for example, may have a configuration in

which the separation membrane elements for filtration are arranged in parailel, a common



23 [0054] The nenbrane nodule for filtration of the present invention
Is excellent in ternms of chem cal resistance and nechani cal strength,
and thus can be suitably used for a liquid to be treated which
contains effluent containing activated sludge. 5In particular, the
menbrane nodule for filtration is excéllent in that it can be stably
used for activated sludge (liquid to be treated) containing 5,000 to
30,000 ng/L of M.SS (m xed |iquor suspended solids). Advantages
[0055] 10Gedierfiid ORo@RAUS: is iBoRARBER1HORpHRITE ALRAbNE BRRknt,Ond the
filtration of the prese Invention uses a cylindrical filtration
menbr ane treatqilipiid ket ppmingsprevidet on the hpmhr sayfamn oBageh it separasios PTFE

nb bl f f ' fib k t. whi h | gh
trengt h HGBORE SeReER (IR e @nganaE AR Al ot FuHPed BAD RO ch does
not easi | yorfelbtiind R&ich Mbe RAMhdd Wom RRSoién thAWdlIREI ARG g nhug%

filtration performance, and excellent 15chem cal resistance an
mechan$ cathatthe eepgtation Figwmbesno clsmentsder filration dre suspensed ancdbsuppertadne
separation menbrane elenment for filtration of highl o] d

o T uent Cwi ¢ n PO &R ey ppblafbh ftpragt efiicks X3S cag be
acti vat edinglalléty @nd 4 Rirdedatiebiied ridmbragd dréddaadeSbdvgge Mavieftge,2,18Q0 to
30,000 ng/L of MLSS, for, a laqgng period of tinme or when effluent of
encl osed Geaierteppacky aurhaRrbtaia®age, or the |ike contains oil,

bi o-foul 1 N0, IAORGARKE i PR 68T dob s 8 évgicﬁ?%rh{?@ ddvleRs

can be cl eane oncentration oxidfzer
al kal ltne akdisposl betueen thecepunaionamemtemiel adenadnitsy atubsunfaest. of ke memlrhsas

possi bl e to ,appl chanical load in an aeration operation. As a
resul t, tFPé't@Ici‘??é?ff“Igg’Hn e repeatedly used by recovering the
filtratiopesgpability, and a stable perneation flow rate can be

obtai ned over” a long period of time. 25[0056] Furthernore, since the
support menberlnfdditiomiitis aptalwaystmaessspoy foomrapgsthe sepauniion swembaine gleneptsr

assenbly, .such as.a n ven fabrd c. .or.a ch as a
ot the T Sfiroe DR oAt Ay Bl FOR R BB A S Y 0 21
and tngat piedged dfrh aishate tiuteeBrdeAPiay \be ised-UMicheidiiy ¢h the usige, thd)elements

treated-1iquid passage.is |larger than 30 that of the hol ] owfi ber
mnbrane,“?&??%%ﬂﬂ&gfqd@u%@“ dhearem Whigh the elemegts copgiityge thswdegof he

t akeout Og@?é&?cérﬁemi%oﬁﬁgﬂkéf the effective length of the
|

cylindric tration nbrane is increased, pressure loss is snmall,
and reducfdoés] in the flow rate can be

Furthermore, the membrane module for filtration may be configured such that
20  cylindrical filtration membranes, each being provided with a support member inside, are
fixed, with one end-opening or both end-openings being in an open state, to a fixing
member to form a treated-liquid takeout opening. In this case, preferably, the fixing
member serves as sealing parts for a plurality of separation membrane elements for
filtration, and the end openings are in communication with an inside of a collecting header
25  and with a collecting tube serving as the treated-liquid takeout opening. In this case, the
fixing member is preferably composed of a polyolefin resin or a fluorocarbon resin, but
another resin, for example, an epoxy resin, a urethane resin, or an ABS resin, may be used
depending on conditions for use (in particular, cleaning conditions).
In such a configuration, one treated-liquid takeout opening is provided for a
30 plurality of separation membrane elements for filtration, and it is not necessary to provide
a treated-liquid takeout opening for each separation membrane element for filtration,

thereby simplifying and facilitating the manufacture of the membrane module for filtration.
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24 prevented. Furthernore, since the cylindrical filtration
menbrane can be manufactured using a porous sheet, the pore dianeter
can be freely changed dependi ng on the usage and the installation
site, and any cross-sectional shape and size can be selected. 5 Brief
Description of Draw ngs [0057] [ B3g. 1] Figure 1 shows a
separation nmenbrane elenent for filtration according to a first
enbodi nent; and Fig. 1(A) is a schematic perspective view of the
separat i o[bog%];brane el enent for filtration, and Fig. 1(B) is a
Cross-sectl | view taken along the 10line A-A of Fig. 1(A).

[Fig. 2] FiguriheZndnshranesaiitiedor Glthatieivol the yebéndirvegtion is txodllént irttehs dfhe
separation nenbrane elenent faor filtration accordi n%mtéo the first

enmbodi mentghemical resjstange angh meshanjeal strenggh, apd thys sandssuideshe e ifer adig to

illustratj . : ituting the

cyl i ndri L b Be UL i Um Gerd OB AR AR AfUREL LT 0O 15[ Fig. 4]

Fi gure54 is arneattianige thesndnebratd modulefor filttatist isstxcellgnainshat itctw bestalfly a
orous sheet, ,accqrdi o.a first nodification e of the_fjrst

embodi menfsed for actlrai?@&u@f (ﬁﬁla{lj roebestrqar?éi sRpAning OARE J&QP.%@%’ SrMLSS

illustrat hﬂﬁe@lixﬁﬂ’o&@&‘ﬂeﬁd&ﬂséﬁd&%.”g a cylindrical filtration nenbrane to
a circular cylindrical support nmenber according to a second

nodi f i cat Advantagaspl e of the first embodiment. 20[Fig. 6] Figure 6
shows a fﬁw nodi fication exanple of the first enbodi nent; and Fig.
6(A) is a 3 arged cross-sectional view of a major portion of a

separ @i on merdy des&itet ab®Rr! tht eépatdtioh hithibedhe chfténof filte(iB of the Present
further enlarged view of Fi g 6(A). [Fig. 7] Figure 7 is_a
schenat i cInypRHQNIes4 Gydindriqal filtratips Membrane ForRPesRh Al ROTeNS shepd inclyding an

enbodi nmen Ej i i IW %sei{[?pt
for filt rgﬁa%%[dﬁigg%lrs %ﬁﬁg %@%%@%ﬁ%ﬁoﬁﬁgg% ?igiﬁoggf(arrp e@ggh'? e First
enbodi nenstrengthdiubitga high Apgres ofbmelehidaratriestaper apedtich/des hetveasily cause
illustrat] .a strycture of.the separat ] nmenbrane el enent for
filcrat: oblocking o s Bdow nowifesSGEE, Bish Hhian Poraimape Lo celfat at i on
nenbr agne  ghepiiBi tesfstihcd addimhashb@iBal strfrigih. OhefdfgbvheB thete & aSBE ALk the
per spective view showing a structure of a separati on 30 nmenbrane

el enent f gaparatipn mambrane algpisnidonfliratomothighin polbuiesorfilvent with high turbidityg
10] Fi y i vi i.0g - i
i s S e R

5,000 to 30,000 mg/L of MLSS, for a long period of time or when effluent of enclosed

seawater, municipal sewage, or the like contains oil, bio-fouling, inorganic substances such

20 asiron, oil, or the like can be cleaned with a high-concentration oxidizer or a highly
alkaline chemical, which cannot conventionally be used. It is also possible to apply a
mechanical load in an aeration operation.  As a result, the element can be repeatedly used
by recovering the filtration capability, and a stable permeation flow rate can be obtained
over a long period of time.

25 [0056]

Furthermore, since the support member for maintaining the hollow can be

composed of a fiber assembly, such as a nonwoven fabric, or a coarse structure, such as a
net, the flow resistance inside the support member can be decreased, and treatment
capacity can be improved. Furthermore, since the treated-liquid passage is larger than

30  that of the hollow-fiber membrane, resistance to the movement of the treated liquid toward
the takeout opening is small. Even if the effective length of the cylindrical filtration

membrane is increased, pressure loss is small, and reduction in the flow rate can be



25 [Fig. 11] Figure 11 is a schematic perspective view show ng a
structure of a separation nenbrane elenent for filtration according
to a fourth enbodi nent. [Fig. 12] Figure 12 shows a separation
menbrane el enment for filtration according to a fifth enbodi nent; and
Fig. 12(A) is a schematic perspective 2 ew of the separation
Smenbrane elenent for filtration, and Fig. 12(B) is a plan view of
Fig. 12(A). [Fig. 13] Figure 13 shows a separation nenbrane

el enent fg{ éﬂt&{ratlon according to a nodification exanple of the
fifth embbd [Fig. 14] Figures 14(A) to 14(D) are
schemati ¢ vi evRritheimusé rsai:éﬂg cglumichbﬁitmﬁomahbﬂammang)eanmhufdcmmm a
upper-end _opening of a cylindric f||t ation nepbrane of the %ho
separ at i oROREhPEShEe P etqrd:,ang? freely change I, 0% fig Usags and

[Fig. 15] 1rl:{aﬂb.'ﬁtﬁ13]rt§ dnd afty SoBCIRYbifal Ma asdEady, ane modul e for

filtration i1 ncluding separation rrenbrgne el errents for filtration of

t he fi$ st BelebDelicriptiin of Drawingfi g. 16] Figure 16 is a schematic view
show ng agoih ration apparatus including the nenbrane nodul e for
filtrati of é wn in Fig. 15. 15[Fig. 17] Figure 17 is a graph show ng

the pure wat er[Fid oyrigated sabweh sé}ﬁfaﬁoﬁ Beirbahe CRhrhkiRl filtfafich 8écordisy foasst
for Exanpl e and Conparative Exanple. Reference Nunerals [0058] 10,

20, 30, 4first soYediment Mladr(ﬁb rieschimeatisperspentive viewrafithasgparation
2058, 210 BBk i ey PP AL o Bl e
por ous( PThhe m‘ofﬂgel(AMGexpanded porous PTFE sheet 17| ower frane
[Fig. 2] Figure 2 is a schematic view illustrating a structure of the separation
membrane element for filtration according to the first embodiment.
[Fig. 3] Figure 3 is an enlarged schematic view illustrating a structure of a porous
sheet constituting the cylindrical filtration membrane of the first embodiment.

15 [Fig. 4] Figure 4 is an enlarged schematic view illustrating a structure of a porous
sheet according to a first modification example of the first embodiment.

[Fig. 5] Figure 5 includes schematic views illustrating a method for fixing a
cylindrical filtration membrane to a circular cylindrical support member according to a
second modification example of the first embodiment.

20 [Fig. 6] Figure 6 shows a fourth modification example of the first embodiment; and
Fig. 6(A) is an enlarged cross-sectional view of a major portion of a separation membrane
element for filtration, and Fig. 6(B) is a further enlarged view of Fig. 6(A).

[Fig. 7] Figure 7 is a schematic view showing a fifth modification example of the
first embodiment.

25 [Fig. 8] Figure 8 shows a separation membrane element for filtration according to a
sixth modification example of the first embodiment; and Fig. 8(A) is a schematic
perspective view illustrating a structure of the separation membrane element for filtration,
and Fig. 8(B) is a cross-sectional view of the separation membrane element for filtration.

[Fig. 9] Figure 9 is a schematic perspective view showing a structure of a separation

30  membrane element for filtration according to a second embodiment.

[Fig. 10] Figure 10 is a schematic view showing a separation membrane element for

filtration according to a third embodiment.



18nonwoven fabric 70nenbrane nodule for filtration 80branch tube
3081lcommon treated-liquid collecting tube 100 filtration apparatus
Best Modes for Carrying Qut the Invention 26 [0059] The

enbodi ments of the present invention will be described below with
reference to the drawings. Figures 1 t26 3 show a first enbodi nent of
the present invention. 5A separation nenbrane elenent for filtration
10 according to the first enbodinent is configured to perform

solid-liquid tr: tg d to be
freated whi ch oo e | B3R ko0, Sty ek W1 1<
used i n asdperatiommemBiaoe elanlbmrfopﬁlmaﬁmsacbyrdh-gl tog founhmﬂ:edimem an

aeration tank on inin e and activat ed Iud . J0[0060] ..
The separat i orf L@Fg géfg??&%ta Sfparatiqn al?r ? fe{mtfgtg%lgngcjordmg to

cylindri Cahﬂfl'e}nlb&ﬁhieﬂtnm@ﬁ‘erm&) ish seﬁHﬁ&%%%Qrsﬁéctlae ﬂ%‘b‘f'&e%@ﬁ@&hona
circular cylindrical Support nber 12 corposed a PFA riesin for

suppor¥i ngembraot Fleweniffor hiératigr, amfljFugcbZ(Biﬁ 1SIatplmvlcm OfrEugb}?dAb 11 while

i sc- shaped oghr AR 150 sbbie b ktoteal A% i onde ot o

treat ed- |  eodHichideextinpRRE MHeTHthlentdichdhe upper surface thereof, and a
| ower franme 17 not provided with a treated-liquid takeout opening.

[ 0061] | AFigh ) degyaesalii Shtonkdd) azp échémé%wf:wqi Blustrating aamathnd of 0, as
shown i “ Eés‘ﬂno gahg%xlh 'ah%gr;éf e|nP Bﬁ%ﬁﬁr%&fgﬂ @Tmﬁéal f;@%ﬁ&%elﬁ QBFme

menber itte protr u
porti b(hs sﬂpaﬁahmmpprranée]mmnﬂfﬁrﬁalndtm’mtmtmmﬁgf thnme 17 to form an

integrated str orous.sheet ,11A for form

11t ot on merfbieai Tiett B e Bty onaom A mamorgs g 6361aior
member 12mcﬁlﬂﬂlg%eﬁa%ﬂon%e%{ﬁrmfe'e%(ﬂﬂﬁoﬁﬁﬁr@h&n $f' thé Bt &hBlRMAER. thermal |y
seal ed together at a sealing portion forma cylindrical

filtrati on merbigakd Figure This, schmathpfp?e‘r sl@mngm@mh@ dppanaive inpluding the
di rection, afit0E nEUlik BV AifRlon' shbivh B 1513.“1 5.

15 [Fig. 17] Figure 17 is a graph showing the pure water flow rate after acid
resistance/alkali resistance test for Example and Comparative Example.
Reference Numerals
[0058]

10, 20, 30, 40,50  separation membrane element for filtration

20 11,21 cylindrical filtration membrane

12 circular cylindrical support member
13 upper frame
14 treated-liquid takeout opening
15 expanded porous PTFE membrane
25 16  expanded porous PTFE sheet
17 lower frame
18  nonwoven fabric
70 membrane module for filtration
80  branch tube
30 81  common treated-liquid collecting tube
100 filtration apparatus
Best Modes for Carrying Out the Invention



25 nmenbrane 11 is thermally bonded to an outer peripheral surface 13a
of the upper frame 13, and the | ower-end opening is thermally bonded
to an outer peripheral surface 17a of the lower frame 17. In such a
manner, one axial-direction end of the cylindrical filtration
menbrane 11 is sealed with a treated-l36qui d takeout opening 14 being
| eft open, and the other end is sealed wth the frame. Al ternatively,
a nethod may be used in which after 30the circular cylindrical
support Nﬁjﬁgg]; 12 is covered with a cylindrical filtration nenbrane
11 which een prepared in advance, the circular cylindrical
support nmenberThesnfbodinedtstod thehgespntdtvantipmgilpor dasconmied belomheithurspaence to
frame 13 gnd, the |ower franme 17, and the 27 cylindrical filtration
menbr ane ©f ¥&VP&ar mal |y bonded to the outer peripheral surfaces 13a
and 17a of t heriRBel 1o gholvA¥BEt dnfigdBRent Of the hris@i idveh@ar at ed
structure. The cylindrical filtration nmenbrane 11 has a di aneter
of 3tH 50 mnémpaatlmmgmhra@e elspnt for Altgton Hhaccsidg@ae the first embwélment

178 of tn WpfreEliERlnERSR Hhid nRofeRi: B Be kRl B s it 27

menbr ane batresedmm”bmmnmm@mgtmrbm sfugmuécmnq;xohetm,chnﬂci@hsea iddration
menbrane 11 side, which is conposed of the expanded porous PTFE

menbr ane, h@ﬁlnbamw&m@?fé?rmr%ﬂeéWabelqaﬂnwengﬁélil aqratinn tancopialning, s wage

poi nt of the, Rt constituting the upper and lower frames to
partially rnefil ﬁﬁ%ﬁ?gg&l ndrical filtration nmenbrane 11 and the

surfat¢es [®0hnd 17a of the upper and |ower franmes, followed by

solidifying by.cooli In.such.a c uratl sjnce t d PFA
resin having hi }&feﬁr{]ﬂ»&lrﬁ;nbém ad’g? r@éﬁ%‘fdef ﬁ@ylb%f‘(‘)‘%?{léﬁ

11A const idehibedtg 11 BEmposkd BEE poidhs Jhbéttmidum cyiRigBcaAREppblt médkerflRXi Ng
portions between the porous sheet and the 15 frames can be

st rengt heﬁ@aposa%af a?@@@p&@rawpmﬂlmﬁbﬁlmom@%mr% diltrgtiop meambsneddn
be manuf a
enbodi rn::ntthH e ou?]ﬁ'%g%‘gga ng g{ﬁrt ?a%g%gﬁlﬁ&ﬁggg% ?gl ?aspaﬂealu%ﬁgé?rla?ael
suppoi § n’é&benptkﬂd ofa Pl teSMQm&edeAil wikloaltredoed-liypid iakecht bplerm’(pm on the upper
cylindrical filtration nbr.ane The ci cuI | i ndri cal
support ‘r‘Hﬁf’é?F thegeo éﬂ%ﬁ?f@é@ﬁ 1h it R w&gﬁ.tﬁate G EheSTPPPRBE L e
t he hol | 0!10 i n conmmuni cation W|th the treated-liquid takeout

and

opening 1 to include many through-holes 12b on the outer
peri pheral surlhdkescpantion membrane @lamcm for fijtratipnplds aedicowd in RigoZdghe hollow

cylindri C?hthe cirEul td Hﬁdr{éﬁfgﬁgﬁ é? i ind%i‘é%ﬂaﬁ%%?ﬁééﬁ négt%' low 122
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25  membrane 11 is thermally bonded to an outer peripheral surface 13a of the upper frame 13,
and the lower-end opening is thermally bonded to an outer peripheral surface 17a of the
lower frame 17. In such a manner, one axial-direction end of the cylindrical filtration
membrane 11 is sealed with a treated-liquid takeout opening 14 being left open, and the
other end is sealed with the frame. Alternatively, a method may be used in which after

30  the circular cylindrical support member 12 is covered with a cylindrical filtration
membrane 11 which has been prepared in advance, the circular cylindrical support member

is fitted to the protruding portions of the upper frame 13 and the lower frame 17, and the



28 The porous sheet 11A is fornmed by the sanme nethod as the

met hod of form ng the expanded porous PTFE nenbrane 15 in which PTFE
unsi ntered powder and a liquid |ubricant are subjected to paste
extrusion, and the resulting shaped body is biaxially stretched, and
by | am nating the expanded porous PTFE7sheet 16 having a | arger pore
5 dianeter than the expanded porous PTFE nenbrane 15, followed by
sintering to forman integrated structure. [0065] In the expanded

por ous PTEE: W E i i t
bei ng- | antPB ERAel i 1 Bedil9 bind R IRIARG E b ferel L0 10
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with a di ggeherodfim®: 45 pmis 90%or nore. On the other hand, in the
expanded porou$ PTFE sheet 16 used, in a single sheet state, without
bei ng § anj08aZled to t he expanded porous PTFE nenbrane 15, the nean
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chem cal sIstance suc ven a rsedin ea
3% by10raspoiftdffthy PRA @sin@onstitutiig the uppeisand dorer ftntes topariilyahelstei um
hydr oxi de, %Bgfqﬁ‘% aqueous _sol uti on_of sodi um hypochlorite having a

ef fective® Uratign membrangilb Andthe Fudacesn | Saangd dp et the uprer gnd lower 1 or
10 days, - jiifed iged 8] sHRAGRAISLIRLT 1h Sich Aol AR HnceHMINLIG PRA
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menbrane i's not damaged. 2 In the c ical filtration
menbr ane 1ksin hawiag bighdhidity epteroheswéenplrasefitheanmus ShdetlliAngpnstitatingthe

pores is di,SROS on the quter ri.pheral. surface side which is,the
P d ¢ ot R ot AabHng 1105, FRRE AtioRe b ok B Slrwiheel o
expanded HeneyiEn BE bire R8fd the seabidivh REndbr&ERlehRht OB Alralf €an be

dianeter on the liquid to be treated side, solid particles separated

can be pr&guHadred ppastrnlhyoskiat avasiesdsiost. capt ured in the pores of the
D o gy 18 R SR AE orh hfhpferdt' B e HoffoPeythlfial W}or
member 12 is left loose without being fixed to the cylindrical filtration membrane 11.
(00631
20 The circular cylindrical support member 12 is configured, as shown in Fig, 2, so as
to include the hollow 12a in communication with the treated-liquid takeout opening 14 and
to include many through-holes 12b on the outer peripheral surface. Thus, the treated
liquid permeated through the cylindrical filtration membrane 11 smoothly flows into the
hollow 12a which is the inside of the circuiar cylindrical support member 12 to reach the
25  ftreated-liquid takeout opening 14.
[0064]

Figure 3 is an enlarged schematic view illustrating a structure of a porous sheet 11A
constituting the cylindrical filtration membrane 11 of the separation membrane element for
filtration 10.according to-the first embodiment.-

30 The porous sheet 11A is composed of a laminate including an expanded porous

PTFE membrane 15 and an expanded porous PTFE sheet 16 having a larger pore diameter
and a larger thickness than the expanded porous PTFE membrane 15.



separation treatnent. Furthernore, the surfaces of the fibers
and resin portions constituting the porous sheet 11A conposed of the
| am nat e i ncl udi ng the expanded porous PTFE nenbrane 15 and the
expanded porous PTFE sheet 16 are subjected to hydrophilization
treatment using 5crosslinked PVA. The 28ydrophilization treatnent
facilitates contact with the water to be treated. [0067] In the
separation nenbrane elenent for filtration having the configuration

descri bed abo"ﬂyep%fo%@he%%ﬂ%ﬂi@?&n{?ﬁ%?%%E%éﬁ%&bis@l%ﬁethé’d/bmﬂnm the

different pore sizes are 10 lamnated to forma porous sheet serving
as the cybipaodddgmrousiPTFEatdindmaneelftin aulich PHIFE Leismmﬁptp’rdgvamhqmﬂ only
excel | ent but

il f
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enbodi frendiametse then thesrpandad pprpe mprage 43 dplileyrg bystindgring te formpan
support Jtec?ﬂr%c e franes are circular has been descri bed.
However, cross-sectional shapes may be elliptical or oval. [0068]

Next, a f[0065] nodification exanple of the first enbodinent will be
descrlbed 20l.n the ;l}drpit m)dlflcatlgn exanple, the structure of the
porous sheet 1% fecsnatded aeronyr ThemeyPranal s vaad, 113 yipel MomOMERHEEne 11
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exanpl e, as shownin 4, a denseé | ayer serving as ‘a dense
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side of the porous sheet 11A of the first enbodi nent, dens
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which is In the dense | ayer 90, a
sol ution F’%ﬁwh ﬂhgdaﬁl"%"fégﬁé‘gﬁég%’g’%éﬂ 'Sf 90% of PTFE and 10% of
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t hose of PTFE are |sp s appli y coatlng to the expande
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Therefore, 90% or nore of fine artlcles with a particle di arﬁeter of
0.05 pm or norBrAsHENER iR BRHeEYs Sléﬁ%l kAngpgnnoseshof a:iemmate including the

expanded porous PTFE membrane 15 and the expanded porous PTFE sheet 16, the

strength in terms of tensile strength is 10 N/mm? or more. The porous sheet 11A has

20 excellent chemical resistance such that, even after being immersed in each of 3% by mass
sulfuric acid, a 4% by mass aqueous solution of sodium hydroxide, and an aqueous
solution of sodium hypochlorite having an effective chlorine concentration of 10%, at a
temperature of 50°C for 10 days, the amount of permeated water is not decreased, and the
membrane is not damaged.

25  [0066]

In the cylindrical filtration membrane 11, the expanded porous PTFE membrane 15
having smaller pores is disposed on the outer peripheral surface side which is the liquid to
be treated side.

In such a manner, by disposing the dense expanded porous PTFE membrane 15

30  having a smaller mean pore diameter on the liquid to be treated side, solid particles
separated can be prevented from being irreversibly captured in the pores of the expanded

porous PTFE membrane 15 in a stationary state after the initial stage of solid-liquid



filtration performance can be exhibited. Furthernore, since the dense
| ayer 90 side is arranged to correspond to the liquid to be treated
side, solid particles separated can be prevented from bei ng
irreversibly captured in the pores of the porous sheet 11A in a
stationary state after the initial stage of solid-liquid separation
treatnment. Therefore, 5 bl ocking can be further prevented than in the
porous sheet of the first enbodi nent. [0069] Next, a second

nodi fi cat | f the first enbodiment will be described. The
second mg@?{aggl?ﬁggﬁﬁg@énpl e differs fromthe first enbodinment only in
t hat the duirthernpee,ithd sk fatesofl tHediberseind kdiih irticns|casisticuting ek poeads
support nbey. 12 is bonded to the 10 inner peripheral _surface of_the
cyl i ndri caleet flv’t FORINOgHH #éh%@@ﬁ@teﬂqlucgng Hle?ﬁgmﬁe%mrﬁ@s Epembrape 15
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menber 5 12 ciosslipeed BYAre dl hediydopphilizitéonrtecatnienh thiciliateboonntaet Witlths aten ta e
Fig. 5 by tage nmet hod descri bed bel ow. 15The thermal bondi ng device
110 i ncl ubd8¥4 pair of heat dies 112 and 113, each having a recess
having a g@gyrircul ar cross-section suitable for the size of the

circular cylindrical support nmenber 12. Heaters 111 are _enbedded in
the heat di es nile sgparatiorgmenyprancceleraent for fdiyationdhaviog theswphratiovenber 12

is covere i ylindrical f]l i de | v

and  non- Jihbed e, 6 B8ah i poldus PIRBRGOHRRE AR, il A0 8065
1(135 wldl myfiﬁbt@ytoﬁa?thpgoﬂmﬂxgét smﬁgﬁa‘s Itl&b@ﬁn&ﬁuall\ﬁltﬂaﬁoffngmbraﬁé,ﬂ%e ;and )
5(B) and releasing,fromthe djes.. Thereby, as shown in Fjg. .5(C), the
i nner per PiSRERtRroddasmatenly exqetent firation pridermapes, bwaql%op%wfﬂ_@ﬂbqhg%ah
and the OHLRfnASHIIRRERRD Al biPESIQhed aﬁhﬁmggm\?\géen&xﬁémia&a!m SippOr t
menber 12 are I ntegrated by thermal bondi ng. en this bondi ng net hod
is used, schemiealt hEhePFEAre; & birge ammnist dfipetmented watercian bebbtained ever ahehgi cal
support rrerrb%r 1,2 has higher fluidity during nelting than the PTFE
resin conB¥ ¥ Lﬂfi1 "the porous sheet 11A of the cylindrical filtration

nmenbr ane 11, tRehiPEAbsERmEM, Bakkdnallé i WHIEIRHS ctdigsddebr sitiped fahSpbort
porous sheet 16 having a | arger pore dianmeter in the gorous sheet

11A. Howelnembergngdhe fraesprpcifela hashsen desstibde a Elovierer, e srosetesgtions ous
PTFE nmenb fs Sl ler pore dianeter, the filtration
perfor mn%%ggssé%owgﬁg:g?%asefd, and the cylindrical filtration

menbr ane [0068hd the circular cylindrical support nenber 12 can be

integrated. In,addition,. .during heati nder pressur.e. in the heat
dies 112 and ;Lleé‘?’aifl SUP‘B‘BEW‘B“ i i ‘?%{}gﬁfusﬁé‘?’@%{’rﬁf?tdﬂﬁﬁ%ﬁgg@r cul ar
cylindgical supmefirstREABEatibR exdnflO ke itﬂl@ﬁlr@m%l‘ﬂ.orﬂﬁs}’sh@& 11 A%6RskiAing

for support, into the inside of the circular cylindrical support
nmenber 121he[cmbtm1]cal filtration membrane 11 is different from that of the first embodiment.

In this modification example, as shown in Fig. 4, a dense layer 90 serving as a
dense filtration layer is provided on the expanded porous PTFE membrane 15 side of the
porous sheet 11A of the first embodiment, and the dense layer 90 side is disposed on the

25  outer peripheral surface side which is the liquid to be treated side.

In the dense layer 90, a solution in which fine particles composed of 90% of PTFE
and 10% of PFA which has the same chemical resistance and heat resistance as those of
PTFE are dispersed is applied by coating onto the expanded porous PTFE membrane 15,
followed by sintering and stretching to provide fine pores. The dense layer 90 has a mean

30  pore diameter of 0.01 to 0.05 pm, an average thickness of 0.5 to 10 pm, and a smaller pore
diameter than that of the expanded porous PTFE membrane 15. Therefore, 90% or more

of fine particles with a particle diameter of 0.05 wm or more can be removed, and thus high



Next, a third nodification exanple of the first enbodinment will be
described. 5 The third nodification exanple differs fromthe first
enbodi nent in that the circular cylindrical support nenber 12 and the
upper and lower frames 13 and 17 are conposed of a pol yet hyl ene
resin. After the circular cylindrd0cal support nenber 12 is
covered with a cylindrical filtration nenbrane 11 which has been
prepared in advance, the circular cylindrical 10 support nenber is
fitted toflRGoRpatIHERTaRBE LRl FRARMPRESinde B BeniSlagdbotshe it over
frame 17, and the cylindrical filtration menbrane 11 1s thermally
bonded t oamrdngedtotcorregroni phibe diquidue batretediside, soid pefticlesisepanatedgapde and

| ower franes to,forman.inteqrated strycture. The thernal ndi ng
bet ween oleRed it Bee arevBMpeufd Gffs ot ASromey 5 108 he
upper ands dtata BR tRdiditlah QageydfisOlil-ligad sdpatatibAtrofef® MTh@BRILLl 1S
performed by 15heating fromthe cylindrical filtration nmenbrane 11

si de; i blecking eaprhsdyaler prevented Brp imidie gojous shest of tirfingeemhoditeentavi ng
hi gh ”EltLdbg }ooi nt, at a tenperature equal to or higher than the
melting p |n? of the polyethylene resin constituting the upper and

| ower frames tNexparsetaldinyodifidation bengls fabefirsoémbditmenell badekctibater
frames 13 and 17, follo Qy solidifying by cqoling. .In such a
conf i gurat i on, thesegand Biign gxg Hses tiomtahe e Q@g%wa&qnbwn that the
menbr ane SR l ol i i Wmdﬁ XA i en
t hepor ousgiétheet bgénrglstuﬁ%&éféfgﬁr%g&glragcstre%{sﬁ@r?eéﬁ%{i/&é@g?%% g&v\%?ﬁé’\gt a
reducé@d cower peripbatal|surface of the Giligdnical Bitationmembrasallbr ged

Cross-section iew of a major _portion of separ at,i gn rane

ol erent for 1 iheeran beed b inB bereraliuvfies S PiERe SURIAR e of
the first mémbembedaf®me outer periphbi@l SuPfded & thOétkdul Y liriicAsapRireméthbdrer s
fromthe first enbodinment in that the circular cylindrical support

nenber 121%is peHermadusingatheraahbandingderisenh Y thewaiin Higpf Ay thermethed ng a
circul ar ﬁé/slcfiﬂbglr .efd% shape and that the upper and | ower franes 13 and
17 are conposed of sStainless steel coated with a PFA resin.

30Fur thier nor e, THehkernwyl bandingalelicé 1 1¢ ineludesra prirrif heateies 1112 4ddA)13aemdht he

net 22 are thermally f.ixed t.o. each other. by .heatjng at a.tenperature
0F | 3000t BPEHARIErsS YRGS SIS G2 Redton SHTEB TR fige of the OByl
whi ch is gfAmaAsRduforfersbepandedeNQs PUSarPLBeddde i BRI REAR QR ANTaf¥aa 3.
high nmelting point,” to partially nelt the surface of the net 22 b

y
means of heat Theairewlat ¢ybiadri¢nt supghrt membey 13 Wepvared with thercalindsisalflfraicme

11, follo Lidifyin C 1.0Q.PEA fibers 22a.const)iutd.ng
t he net Zgl%glrb g%ﬁé?fneﬁgdv%%cg ’ %gﬁt{?naﬁ%ﬁé/w'gg?de eﬁ?’ eﬁéﬁ)%%?eesgcs&f &{ ate‘i}%salr% ed
por oug0 PThid nigpfollawed dphaititlg aodd: @ebssufhgy shbah én Flighes(8y ind BiB) &l relasing
filtrati o%pﬁnﬁgbr_ane 1 and the net_22 can be securely bagnded

t oget her . Gaies. ¢ Hisrehy asshown ipdiig S0k theringes pempherap surface of the| y

ent er theoge{dﬁéalcﬁm&daﬁ niehiFarRON QS (RRRE pdfpHARY bllehod of AE IREuIROT ©

di aneter of the porous sheet, but do not reach the expanded porous
PTFE menbedindri¢d shpportmgerabes (12 atedntegiated bytitizammtldrondifiger ef ore, the net

22 and the cyldgndrical filtration nbr ane can be . ntegrated
without  decr sedPitihoning pieliod GhudE SR e Hrn £ 35 crelyipE Pt hlar
conf i gsir atyldrical supportah&bed 02 hhdNighdr BufdiigAlding kBRRE thanfike EPFE Reini cal
filtration membrane 11 while the treated-1liquid passage is_being .
mai nt ai ne8OYURG the@props shesh bkl theeylindriead fillgytiop mambrans\id, the PEAEesim 3
and 17.

partially enters the pores of the PTFE porous sheet 16 having a larger pore diameter in the
porous sheet 11A.  However, since the PFA resin does not reach the expanded porous
PTFE membrane 15 having a smaller pore diameter, the filtration performance is not

30  decreased, and the cylindrical filtration membrane 11 and the circular cylindrical support
member 12 can be integrated.

In addition, during heating under pressure in the heat dies 112 and 113, in order to



in addition, in this noditication exanpl e, “the ey ndrTcar FiTtraton
menbrane 11 and the outer peripheral surfaces 13a and 17a of the
upper and | ower franes 13 and 17 are 15 thermally bonded to each
other. Since each of the materials has high nelting point, the
heat-seal ing tenperature is al so set §L a tenperature higher than the
melting point of the material. [0072] "Figure 7 shows a fifth
nodi fi cati on exanple of the first enbodi nent. 20In the fifth
nodi fi cation exanple, a polyethyl ene-coated netal nmesh 32 having a
circul ar cw‘i’%ﬁqu%ﬁﬂ@m@g’aﬁ arulaseylingricabsppost meraher { h stcergdnes shavg may
circul ar cyd:inded gl { : : | first
erbodi ment = Therer Py Bl EREHES i RISl bbb BnbhEo

i mrer si ng B0#lai nl ess steel mesh which is subjected to surface

treatnment in adyance.i.n a.Jelted | yet hyl ene r.esin..25B0th
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mesh 325 are fi Thedirdaddifisstionekinpld difdgdrotnthé HSt @ntiinal Mghdpaet | ons  of
anes 13 and_17 to forman integrated structure

t he upper and |l o f

as in the %ﬁ"’P’é{ﬁYﬁ&W[ﬁuﬁEﬂﬁ mefpbes b2 st the wrpshand laver dispinl spd iy gre 2.
Fur t her mor @mpbsedlobh olyREIEd¢add. on exanpl e, a nonwoven fabric 18 is

i nterposed 30 between the cylindrical filtration nmenbrane 11 and the

pol yet hyl ene- c o&erthe piequler cxlindricabsuppartmember|12 g covered itlkea ylindriené 1ol |
heat - seal | narer TR RIT BRe AR o S e OB inchly

The boltth ayppdrt démlge tsifoied eritle ppemdingsorgdns bfitae opper freine thindfthd lowat i on
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cylindrical filtration menbrane 11 and the_ pol yet hyl ene-coated netal
nesh 32 %ﬂﬁfmﬂh FFQ&!‘I“?%? ﬁﬁ?ﬁ&% B} swﬁlcwﬁomosg%?fith%/

suppor t ed. ex&QidBd %&?&% PP chenfbidne QB i S RBR hilting B&nmmwlfc&t&@@&daitmio% not
bonded to the cylindrical filtration nenbrane 11 and the
pol yet hy| dhghet than g melting poinbefithemlyetiyione eesin constitutinn the wpper frdblower nay
be bonded #.9..€idt '
ot xt h o T e T AR 4008 6 st R g ekl 44, 7 GIRNG 7
modi f i cat i sohdiésemiyl ceoling. plremtled cafigpeticn, iteniresibld B nanosekhof

20  separation membrane element for filtration in which the fixing portions between the porous

sheet and the frames are strengthened by a simple work at a reduced cost.
[0071]

Figure 6 shows an enlarged cross-sectional view of a major portion of a separation

membrane element for filtration according to a fourth modification example of the first
25  embodiment.

The fourth modification example differs from the first embodiment in that the
circular cylindrical support member 12 of the first embodiment is composed of a PFA net
having a circular cylindrical shape and that the upper and lower frames 13 and 17 are
composed of stainless stee] coated with a PFA resin.

30 Furthermore, the cylindrical filtration membrane 11 (11A) and the net 22 are
thermally fixed to each other by heating at a temperature of 300°C to 500°C from the

cylindrical filtration membrane 11 side, which is composed of an expanded porous PTFE



pol ypropyl ene is used as the support menber. The pl eated support
menber 42 is formed by bending a rigid pleated plate having

conti nui ng v-shaped bent portions and thermally bonding a roll start
side and a roll finish side of the pleated plate. At both

axi al -direction ends of the pleated sdgport nmember 42, 20 valleys 42a
of the peats are fitted to the protruding portions of the upper and

| ower franmes 13 and 17, and thermal bonding is perforned.

Fur t her nomemb@se iddenap qafgqaulselﬁiigeﬁimtcwp‘éﬁl \Mv]lfrrien&hé SRfaby b tH@lﬁétQ@ lby means
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for filtr t
separ at olﬁ&%&%%%gln‘ﬁﬁ‘e hEwefled iy BrS S0 S RERORAFRA y et 2 Rettn
separ at i owithrthetopperand losvee finmeoi3 dnd 7 at i on 10 of the first enbodi nment
inthat the u frame, 13 thelo r fra re.connected. to
each ot her by%#@%%ﬁﬁ%@&ﬁ&q PP ezﬁheffﬁ ’aglltréth‘@}’c gembrane 11 and
COr r espongk bet feriphéall BFBER 180 add 72 2F iRl ggéﬁaﬁﬂﬁd\%? et wmtwh ngr i cal
pport me is

filtration 10 menbrane 11, and that the cylindrical su
conpoed tBermglly hpided tepashothsr.s tS@@qe caesof thmaterials hmﬁegh nmebmg pningcld ng

f 23 I = I
(1R 23 AR ARt kB S0 APt b PR b e
out er permjbgdalal surface 13a and 17a of the upper and | ower frames 13

and 17, hﬂﬁ frames 13 and 17 and the 15interconnecting frame 23 are
connect edY3ffd fixed to each other. In such a configuration, since the

upper frane a@igu}&?sﬂo%rﬁftmﬁaﬁﬁ@%ngﬁag@ﬁé Qfﬂil)!f}éi‘@m'ﬂbcg%xt rigid

i nterconnecting frame, a separation rane el ement for filtration
havi %9 hi gher Irsﬂlpéﬂ@}mpdéﬁmtlbmemm agdlyetiylenéreoatat metabimeshe 2thaeing a

| d
201 nt e cMeUet FipERaL HAPRRR GRS iR n Rt Eire e iadrive pyomet cal

support reéhiedsr ID@@(Mﬁ@seﬂ OIPFA f thlé Fidst embodiment. The polyethylene-coated metal

mesh 32 is formed by immersing a stainless steel mesh which is subjected to surface
treatment in advance in a melted polyethylene resin.

25 Both end-openings in the axial direction of the polyethylene-coated metal mesh 32
are fitted and thermally bonded to the protruding portions of the upper and lower frames 13
and 17 to form an integrated structure as in the circular cylindrical support member 12
shown in Fig. 2.

Furthermore, in this modification example, a nonwoven fabric 18 is interposed

30 between the cylindrical filtration membrane 11 and the polyethylene-coated metal mesh 32.
The roll start side and the roll finish side of the nonwoven fabric 18 are bonded together by
heat-sealing or the like, but may not be bonded together.



The ot her configurations and operational advantages are the sane as
those of the first enbodi ment, and the description thereof will be

omtted, the sane reference nunerals being used. 25[0075] Fi gure
10 shows a separation nenbrane el enent33for filtration 30 according to
a third enbodi nent. In the separation nenbrane el enent for

filtration 30 of the third enbodi nent, the structure of the upper and

| ower franes nd 17.i,.s different.fromthat in .the first .30

enbodi ment - TrE P eksEiop £ GPuing ol e At indsel EaisysRmLishe Yaker
frames, theet-soald 16 themReer periphesipfaoy BadniM dofahd iRt SR IbEUkSnes 13

t akeout opening 14 are used. Both axial-direction'énd 35 openings of
the cylirf®ildal filtration menbrane 11 are enmbedded in the frames 23,

and sealing i far as: | eav he treated-|iquid.takeout
openi ngs openffn Hich e gﬁng‘gég@ g%steaﬁpfg%}ﬁﬁ;t/o 35‘5%1%&‘5?'eﬁtﬁg'ﬁﬂulgﬁassage
adhesisve. whleghe tylindficA fisatidd nivhebraR P ISkdnDtalty RaipyAtEDy Me bEIgkthyletie-a

heat-fusible fl uagrocar bon resin, heat-sealing is perfornmed. \Wen the
5 frames %pated metal gigply de andihe apnvigsen fabsicd 8or Sinpethe inpewovsa datiried Siserves
per fornme ' i ' epoxy
Fasin T ot hao e AR et b AR R B e e P
sanme as tpobsthybdnetcoated metd mestbaR] ilnesoytindrivatifilttagori@s@biapt | DenntHeab RS
will be omtted, the same reference nunerals being used. 10[ 0076
Figure 174 “a separation nenbrane element for filtration 40
accorigi ng to @& haUhshHEABREARAL thd MhriSed BYEL AR wn
in Fig. 11, two rect ar%]gul ar dpilﬁi;ﬁr]ous sﬁleetg 1%61\ gn@@%leare %f@%gge o)
as to fadétretirgimernbrene 11Bowdihd prflyetlarieherdogiet neitad eneslildzs Howevanthell b
15and bottaom ed 11 f. the porous sheet r.e seal ed by
heat - seal nloﬁ\go?eongfggrrlc ngngy g%%qq*afa@ GifRetorie OF Both of them:

[0073]

Figure 8 shows a sixth modification example of the first embodiment.

15 In this modification example, a pleated support member 42 composed of
polypropylene is used as the support member.
The pleated support member 42 is formed by bending a rigid pleated plate having
continuing v-shaped bent portions and thermally bonding a roll start side and a roll finish
side of the pleated plate. At both axial-direction ends of the pleated support member 42,
20 valleys 42a of the peats are fitted to the protruding portions of the upper and lower frames
13 and 17, and thermal bonding is performed.
Furthermore, as the porous sheet constituting the cylindrical filtration membrane, a
porous sheet in which a nonwoven fabric (not shown) composed of polypropylene with a
small thickness of 0.05 to 5 mm is further laminated to the expanded porous PTFE sheet 16 side
25  having a large pore diameter in the porous sheet 11Ais used. The nonwoven fabric layer
of the cylindrical filtration membrane 21 composed of the porous sheet and the peaks 42b
of the pleats of the pleated support member 42 are thermally bonded together. Both end
openings of the cylindrical filtration membrane 21 are thermally bonded to the outer
peripheral surfaces 13a and 17a of the upper and lower frames 13 and 17, and the outer
30 peripheries are sealed.
In such a configuration, a space between the cylindrical filtration membrane 21 and

the pleated support member 42 forms a plurality of outlets in communication with the
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filtration menbrane 50. Next, a circular cylindrical support nenber
12 simlar to that of the first enbodinment is covered with the
bag-like filtration nmenbrane 50, and the bag-like filtration nenbrane
50 is maintained in a circular cylindrical shape. An outer peripheral
sealing portion 51 is not fixed to thegouter periphery of the
circular cylindrical support 20 nenber 12. An upper end opening Ild
which is not heat-sealed is, together with the sealing portion 51,
enbedded in fra 23 provided with a treated-|.iquid takeout opening
14, and sEs%“?adﬁlgqq@tEab%% 8peheRg. andia pasease dathe gatedrlinwd taksauiopsing T4 620 s
preferabl g. whgpqt he frame 23 is conposed of a polyolefin resin or a
heat - fusi bl e fl uorocarbon resin, and adhesi on using a 25 urethane
resin, an[Upélxy resin or the like is preferable when the frame 23 is
conposed of an.ABS.rgesin or the like. in this enbodi nent,
even in a conﬁl‘%}ﬁ? gtsﬁ%\/}z's % meﬁ%mﬁmgﬁaﬁﬁﬁlf’mﬁéggq ﬁ‘lg@thq 14 qca?rgg}g toa

menbr ane SQondershidRaAEdted by a circular cylindrical support nmenber, a
treated-1iquid passage can be secured in the hollow. 30The other

conf i gur at i onslhgnepasiionaangnane edament farddization 30 differsfiom tassepiration of
the first | Lption, thereof .wll be amtted

the sans. ToF Ban ek BFBiohitg FE3fibk Bt CRubdiRBHTA el e ungerfir 1 35me

shows a sthpdswdrif@mertdripy conecttdiorath dther byiahtintalcbiechi} REROTIhdvihgtd a
fifth enbodi pent. In_the sePaéfgt_i on nepbrane elenent for filtration
50 of t helePEPCaTeREyingiethe legginin the gyrabdiractien plipe eylmdesal Mimativn t he
firstyenmbedi s ' ' ' : =

opens U PChERE 1 Saf )08 RARR Al Enb St 6 ARl
menbr anesmgsh4: e nol ded with a resin, and positioning and fixing are

per f or med. The fixin nbeyr. 43 is fabri.cated by t hod . in.

o eh 20 shovieiEbiiectsh SO FL s mpised S bR ESeal, Br HFing Spmttial
shape of giRetioPORT oRAEgOPRRE RiGcatinedth fRavde 136 tiedutel Pefipetd] airkRR 132
menbranes 11 are forned in a heat-fusible plastic nenber conposed of

a pol ypr opif laef thesprer and lnyyey diames dhand bk the fraprestlBand i kand thpe

upper r£nd; L DG i icalys i nbranes 11, each
provi Ij%d m%?ﬁdgg&g@g%Pg?gc?g%dﬁg%%%ﬁ'ds%%%g%urlnga{r%{erf 12 are placed

i nsi de the redeswhs cbBAgurativh, sinestht hppardilamk usd dr 1owerfetiiearaid held bguch

a state. il e bei.ng held by the fixing nmenber 43, the upper-end .

opent ngs F higly eid SyriEeitnerine (R o SRRHn RSP Slemppt B Bliaon having
comuni cakibRe} sibridth GHn Yebbtat@dof a col l ecting header 44, and the

coll ecting header 44 is in communication with a collecting tube 45.

In such a conflutgheratore since the secdarcylindiicalsupperd srembancas da hekithy the
?Ipf?'r A ?Oﬁger%ﬁn%cﬁ%gggﬁ%%h%% Lﬁs()ggl?% § ﬁigﬁ%{%tcgrg?llg%%rfi%dgéa? gl?p%ﬁ nge%ber having
low rigidity.

The other configurations and operational advantages are the same as those of the
first embodiment, and the description thereof will be omitted, the same reference numerals
being used.

25 [0075]

Figure 10 shows a separation membrane element for filtration 30 according to a
third embodiment.

In the separation membrane element for filtration 30 of the third embodiment, the
structure of the upper and lower frames 13 and 17 is different from that in the first

30 embodiment.
That is, in the third embodiment, as the upper and lower frames, the same frames 23

each provided with a treated-liquid takeout opening 14 are used. Both axial-direction end
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can be easily manufactured. The nenbrane nodule for filtration may be
an i mersion- 20 type nodule, or may be used as a nodul e for external
pressure filtration by being arranged in a pressurized vessel. In
addi ti on, when an i mrersion-type nodule is fabricated, in order to
prevent bubbl es which rise from bel ow3from spreadi ng, a cover nay be
provi ded so as to surround the outer periphery of the fixing nenber
43 and to extend in the axial direction of the 25 cylindrical

filtratio . 7otk e
further  oOTRE TE Shge e Bk s etk (R W ol A,
ran ?e wiblt fealingnis performedfso 291 leave tﬁd(lmtegrliqumekeoamﬁagiagmpeﬁr hTrBe fumnek,
prerera arn appropri at.e space (W ndQ IS provided In the cover soO
that bu bt buered hidaesaliae P‘_ﬁ@ wbpraYeat Wi T rerRImosytolighe
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bottom of " t 30 collectin ea 0 e separation nmenbrane el enent
and pronpfrimes23mne tanpdsed oftinsi Bitresify of fre 1ddkcsewlintg is p&OtsiEd uig & gur es
13 and 14@1?130\/\/ a L‘?:lg’igi fi (iﬁti on.exanple of the fifth enbodi nent. A
menbr ane TR UG TP ThOEH POV 8 Hi s nodi fication exanpl e

di ffers from tine oftict tdhrRbiaaehs @A bpébiidiaPidvahtaiis afthé Bd &ahose of the
filtration nmenbranes 11, each provided with a circular cylindrical

support nBFbembodimenigingdhe deseripion therged wilhbelomitied.chesaerrhfereagpaumeraly 5
t he met hoﬁjeir?fu£95i tioning and fixing the upper-end openings. The
met hod of DC%I tioning and fixing the upper-end openings of the
cylintyicpio7é]il tration nenbranes 11 in this nodification exanple wll
be described wi.th reference to, Fig. 14. First, a nold 60 haying a
plurality of prBFeLt TRYS3sPRAE newabrals slomenbir (iFation 44 6eoorEpmPad,

and as shwah kRb&diBentl4(A), openings corresponding to the upper-end
openings of the cylindrical filtration nmenbranes 11, each provided

w th a circul dn theyburthembodiment,ms shawmisrfigrl 1,1t restanghlar perdus sheethdl A

Clch as B BT S35 e Ginaibin & alutthnarghitlics Akt Dabag Ty

60 anths cugiitbottdinedgesad c SheMolols SHedts adeellbd b heut-6a4ling & fofila bag-like
filtration nenbranes 11 integrated with the 15cured resin 61 are

rel eased fitghon mempine ¢o. Nexher qieylercxbinddend sunpext oyenbgr § isiplar to that of
oo S PBgARAChBR R ol 0 i O pesigaes
filtration membrane 50 is maintained in a circular cylindrical shape. An outer peripheral
sealing portion 51 is not fixed to the outer periphery of the circular cylindrical support
20 member 12.

An upper end opening 11d which is not heat-sealed is, together with the sealing
portion 51, embedded in a frame 23 provided with a treated-liquid takeout opening 14, and
sealing is performed.  As the sealing method, heat-sealing is preferable when the frame 23
is composed of a polyolefin resin or a heat-fusible fluorocarbon resin, and adhesion using a

25  urethane resin, an epoxy resin or the like is preferable when the frame 23 is composed of
an ABS resin or the like.

As in this embodiment, even in a configuration in which a planar bag-like filtration
membrane 50 is supported by a circular cylindrical support member, a treated-liquid
passage can be secured in the hollow.

30 The other configurations and operational advantages are the same as those of the
first embodiment, and the description thereof will be omitted, the same reference numerals

being used.



The | ower end portions are cut along the broken |line shown in the
drawing to forma fixing nenber 43, and then the fixing nmenber 43 and
a collecting header 44 are bonded 20 together. Thereby, a nenbrane

el enent 50-2 is fabricated. By using such a fixing nethod, a fixing
menber which seals the openings of a Pburality of separation nenbrane
elements for filtration can be very easily manufactured. [0079]
Figure 15 shows a nenbrane nodule for filtration 70 including a
pIurality(@§7255eparation menbrane el enments for filtration 10 of the
first enbodi ment. The menbrane nodule for filtration 70 is used
for i mrersi on-Rigye 1D slessarsepaativni nosmbirane alehdnd fior filmativhi SOmctdnding to a
separatiog gengéﬁne el ements for filtration 10 of the first

enbodi mentf&FBOAPMENaed in parallel, a common treated-1iquid

col l ecting tUt}ﬁﬂfﬁ%efaa?aﬁHn%ﬂ&ﬁlﬁ%@él’&ﬁeEu {19118 ARATD &R AT EABnent,

el ements, and the treated-liquid takeout openi ng 3014 provided on the
upper Sur insiced offtheuprsr ame h2 oSthp first einbedimento e dnmzatemhsnd S isffermed in

filtration, 1D arranged in parallel ..is.connecte 0 end i
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plurality of separation membrane elements for filtration, a membrane module for filtration

can be easily manufactured. The membrane module for filtration may be an immersion~
20  type module, or may be used as a module for external pressure filtration by being arranged
in a pressurized vessel.

In addition, when an immersion-type module is fabricated, in order to prevent
bubbles which rise from below from spreading, a cover may be provided so as to surround
the outer periphery of the fixing member 43 and to extend in the axial direction of the

25  cylindrical filtration membrane 11 to the lower frame 17. The cover may be further
extended from the lower frame 17 downward to an appropriate range with a maximum of
500 mm. However, when such a cover is used, preferably, an appropriate space (window)
is provided in the cover so that bubbles rising inside the separation membrane element or
the liquid to be treated can horizontally move from the vicinity of the bottom of the

30 collecting header of the separation membrane element and promptly flow to the outside of
the element.
[0078]
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In order to separate and renove the suspended conponents deposited on
the surfaces of the separation nenbrane elenents for filtration 10,
air bubbling is applied to the surfaces of the cylindrical filtration
menbranes 11 of the nenbrane el ement 10. 20More specifically, a

bl ower 5 is operated to introduce pres8urized air into a cleaning

pi pe 6, and the pressurized air is ejected through gas ejection holes
(not shown) of the cleaning pipe 6 to generate bubbles 7. The bubbl es

7 are raised i i i cont act
with the outer u%ﬁgggé&sﬁgfggé‘%gﬁ@gmw cgwggq?trﬁ@%r?gﬁngnes 11 of
t he separ ati oA memnbrmae elemestrfenfileration 502 bf thiatrhalifichfion exasdpieodiffeng from
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constantly perfofned eriodically pefforme he separation
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upper por fiitQfen HeMBMAEs 1186 tHifmbiificRAKAhHIE WillBEBEsefedaligRitkent@to
filtration 30 of the third enbodinent, two or nore treated-liquid

takeout opi@nldgs 14 may be provided. 39 As described above, the
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includes a cy a larger diafreter
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pressure he, ane nt of the tr UId |n5|de t he
cylindric tﬁ? ?ﬁwﬁaﬁ?éﬁe mbeanes . B@hrPE?i‘G‘i‘%d’m A Sif¥las GHEIEEal SUPPOBle
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excel | ent 61, amil as@s pMedsmon@mim@almnmmes east intigthg mo&hGl andedrednd

renoved. L e sent,,i.nven
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menbrane was fabricated as_ in the first enbodi nent except that a

si ngl e- | aBRerec@ngRosEY 688 philis molde0, aadispatgrelicd Passpagnarg seouggdnside the

t hi ckness . iameter of 0.1 gmwas used as a
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and the nean pore
By using such a fixing method, a fixing member which seals the openings of a

plurality of separation membrane elements for filtration can be very easily manufactured.
[0079]
Figure-15 shows a membrane module for filtration 70 including a plurality of
25  separation membrane elements for filtration 10 of the first embodiment.

The membrane module for filtration 70 is used for immersion-type pressure suction
filtration, in which the separation membrane elements for fiitration 10 of the first
embodiment are arranged in parallel, a common treated-liquid collecting tube 81 is
disposed above the separation membrane elements, and the treated-liquid takeout opening

30 14 provided on the upper surface of each of the separation membrane elements for
filtration 10 arranged in parallel is connected to an end of its corresponding branch tube 80

branched from the common treated-liquid collecting tube 81 so that the separation
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above. [0083] The separ atlon rrenbrane eI errents of Exarrpl e and
Conparati ve Exanple were imrersed in each of acid, alkali, and

oxi di zer aqueous sol utions under the conditions shown in Table to
eval uate acid resistance, alkali resistance, and oxidi zer resistance.
25The acid resistance, alkali resistad8e, and oxidizer resistance
wer e eval uated by appearance observation descri bed bel ow, and the
pure water flow rate described bel ow was neasured for the acid

r esi st ancemambtand éiahentsrfasm&mme ard tddedapPpgpbadlice observation)
30Each of the E %) ation ne elepents_after_ imersion in each of
t he aqueous soFRYYCBALAHREST 'Fi’é angg 1 pefiltratign ¥ Oirea pRpfigwatiaiBet was

cut from thgickite Hl@ﬂéd-ﬁ@\.hd fakddhut é}iehﬂ@s fﬂf@ﬁ@s@ﬁ‘a:ﬁfon%b?ﬁl@ @Feﬁ\%ﬁi@fbr

menbr ane el enent. Then, the acid résistance and al kal 1 resistance
were obser flsation ¥)ase 11191"1(13&1& fited tothe hﬂaz@wtubee@gmw@emsn beseibved with

a scanng ngpee#oer% ﬂpea@hﬁ{eﬂg %ﬂg .I\/t 1000 x) to evaluate the chem cal

resi st anc e porous e chem cal resistance was eval uat ed
as "0" whef®08g change was observed in the porous sheet, and eval uated

oS e hen b KR0S LRK R, o L TSR RSty 20
Tabl e. [ 00fi&embait gbdule Fox &iRtien ROwNESAeiciBe®Xxanpl e Aci d resi stance
(1vo) A liquid to be treated 2 which is an effluent containing activated sludge including

10 treated sewage and introduced and filled in an immersion tank 3 and which contains 5,000
to 30,000 mg/L of MLSS (mnixed liquor suspended solids) is permeated through the
cylindrical filtration membranes 11 of the separation membrane elements for filtration 10
by driving a suction pump 4 and subjected to solid-liquid separation, led to the common
treated-liquid collecting tube 81 through the branch tubes 80 connected to the treated-liquid

15" takeout openings 14, and then recovered as a treated liquid.

[0081]

In order to separate and remove the suspended components deposited on the
surfaces of the separation membrane elements for filtration 10, air bubbling is applied to
the surfaces of the cylindrical filtration membranes 11 of the membrane element 10.

20 More specifically, a blower 5 is operated to introduce pressurized air into a cleaning
pipe 6, and the pressurized air is ejected through gas ejection holes (not shown) of the
cleaning pipe 6 to generate bubbles 7.  The bubbles 7 are raised in the axial direction
while being brought into contact with the outer surfaces of the cylindrical filtration
membranes 11 of the separation membrane elements for filtration 10 to strongly separate

25  and remove the suspended components deposited on the surfaces of the separation
membrane elements for filtration 10, Thus, membrane filtration can be continued stably.

Air bubbling may be constantly performed or periodically performed.
In the separation membrane elements for filtration 10 of this embodiment, one
treated-liquid takeout opening 14 is provided on each separation membrane element 10, the

30 treated liquid is entirely sucked into an upper portion. However, as in the separation
membrane element for filtration 30 of the third embodiment, two or more treated-liquid

takeout openings 14 may be provided.
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As described above, the separation membrane element for filtration of the present
invention includes a cylindrical filtration membrane having a larger diameter than the
hollow-fiber membrane which is usually used. Therefore, pressure loss due to the
movement of the treated liquid inside the cylindrical filtration membrane can be reduced,
and bubbles can be reliably applied to the surfaces of the membranes. Furthermore, since
an expanded porous PTFE membrane is included, mechanical strength is excellent, and
suspended components can be strongly separated and removed.

[0082]

The example of the present invention will be described in detail below.
(EXAMPLE)

A separation membrane element for filtration including a cylindrical filtration
membrane was fabricated as in the first embodiment except that a single-layer expanded
porous PTFE membrane having an average thickness of 7 um and a mean pore diameter of
0.1 pm was used as a porous sheet.

(COMPARATIVE EXAMPLE)

The same procedure was used as in Example 1 except that a PYDF membrane
laminated on a polyester nonwoven fabric was used as a porous sheet. The PVDF
membrane portion had an average thickness of 5 um and a pore diameter of 0.1 pm.

In Example and Comparative Example, the average thickness and the mean pore
diameter were measured by the same methods as those described above.

[0083]

The separation membrane elements of Example and Comparative Example were
immersed in each of acid, alkali, and oxidizer aqueous solutions under the conditions
shown in Table to evaluate acid resistance, alkali resistance, and oxidizer resistance.

The acid resistance, alkali resistance, and oxidizer resistance were evaluated by
appearance observation described below, and the pure water flow rate described below was
measured for the acid resistance and alkali resistance.

[0084]
(Appearance observation)

Each of the separation membrane elements after immersion in each of the aqueous
solutions was washed with water, and the porous sheet was cut from the cylindrical

filtration membrane of the separation membrane element.  Then, the acid resistance and



resi stance sot, 10 days 0.5%0 0 2% 0 0O 5%0 x (Cracked) 10%O0
X(Cracked) 10[0086] (Pure water flow rate) After im€mersion in
each of the acid and al kali aqueous sol utions, each of the separation
menbrane el ements was washed with water, and the porous sheet was cut
out. The pure water flow rate was neagQred for each porous sheet. The
measur enent of the

alkali resistance were observed visually, and the oxidizer resistance was observed with a
scanning electron microscope (SEM: 1000 x) to evaluate the chemical resistance of the
porous sheet. The chemical resistance was evaluated as "O" when no change was

observed in the porous sheet, and evaluated as "x" when breakage, cracking, or the like
5  was observed, and damage to the porous sheet was observed. The results are shown in
Table.
[0085s]
[Table]

Example Comparative example

O

Acid resistance le

(H,S0O,)

O

50°C, 10days | DH4 O O
Alkali resistance| pH11 O O
(NaOH) pH14 (Discolored to red
5000, 10 days (4%by mass) O Xand broken)
0.5% O O
Oxidi
resistancs | ¥ © O
50°C, 10days 5% O X (Cracked)
10% O X (Cracked)

10 [0086]

(Pure water flow rate)
After immersion in each of the acid and alkali aqueous solutions, each of the

separation membrane elements was washed with water, and the porous sheet was cut out.
The pure water flow rate was measured for each porous sheet. The measurement of the

15  pure water flow rate was performed at a measurement pressure (suction pressure) of 95 kPa
using a circular punched-out product of a sample size of 947 mm. The results are shown
in Fig. 17.
[0087]



15 pure water flow rate was perforned at a measurenent pressure
(suction pressure) of 95 kPa 41 As shown in Table, in the separation
menbr ane el enent of Conparative Exanple provided with the porous
sheet conposed of the PVDF resin, at pH 14, discoloration to red
occurred and the porous sheet was brokgn, indicating |ack of alkal
resistance. In inmrersion in an aqueous sol ution of sodium

hypochl orite having an effective chlorine 5 concentration of 5% or
nore, the porous sheet_was cracked,, indicatinP | ack of oxidizer

resi stance. Fukshawadt Eablg in e separatign megbrape element of Cosenagatiye Sxample
ft | Kaj i i : .
arter a ggo'\ndte& %%or&}s sH\!:'ét %%Q%Bg@ngp%g PVEFGELA E‘a({i gld?g‘gfstg%ﬁ%% f red

water flowrate ra y 1 ncreas ecane unmnea
cont r ast , o¢cnrredendsthp porats sheetrversibraken, indieatgtlackfof Bkalpdsistance | ddi ng t he

expanded 10 porous PTFE nenpr.ane_as.the porous sheet, no damgge was
obser ved f"i‘?“gfﬁlﬁgéﬂ AT R Bypoghlonitghaype i plecsuelotince.

al kal i 5 r egdREAREBN 0P P ¥loft, AR pof RS sRdecBNGEcracka, iH&iEﬁinﬁ&rokaiﬁWef ate
nei ther significantl decrease(f or increased after the imersion in

aci d/ al kafesisagese o rsrtbeymotd, enshownait higal hiimthetpmus sheet after alfali treatment at
per f or man As .descri bed abhove, the sgparation,nenbrane enent for
PET 11 at oRfibh PiB pELERE, B8 Bevas Vet FF B0t HBBIATERe A S b AR ted

por ous PThEnémeudablene has excel l ent chem cal resistance and can
maintain the filtration performance_ after chenical treatnment conpared

with the convdRcPrl imibperarior membrane eleowayf Eramplsrieduding thawepandesh
\ C . .
el adhe bt HaReRIDRhoRaGE, B0, B3 LR S BEH S RRIR Y R

i ncl udes n~a scope’equl Vv pe of "the
cl ai ns. Tewlumyibn offanyadlacitl irdsistamte, atkalieedintane, angd oxidizel tesistand. t Thapure

circular cylinpdrical .shape,..an haye a pri tic shape, such as a
S S o A8 iR g PR, HBCAIZY 6 Rl I REEe Bringson R v 1
A separ at hQaraBITRGRBEs s%ﬁ&i%ﬁﬂ{maﬁrﬁ%in%hkﬁéﬁ&h@éb sePfrhaneged to perform

solid-liquid separation treatnment by being imersed in a liquid to be
treat ed whi ch Asleseribed aboveythp espdeation meprass elementfos Eseation pHthe prsstnt ane

el emepy C%@Qﬂtio%iprr]&/:ided with the expanded porous PTFE membrane has excelilent chemical
resistance and can maintain the filtration performance after chemical treatment compared
with the conventional membrane element.
[0088]
The present invention is not limited to the embodiments and examples described
20  above, but includes modifications within a scope equivalent to the scope of the claims.
The cylindrical filtration membrane is not limited to a circular cylindrical shape, and may

have a prismatic shape, such as a triangular prismatic or quadrangular prismatic shape.



5a cylindrical filtration nmenbrane obtained by form ng a porous sheet
including at | east an expanded porous PTFE (pol ytetrafl uoroethyl ene)
menbrane into a cylindrical shape and in which a hollow surrounded by
t he porous sheet serves as a treated-liquid passage; a support nenber
for maintaining the hollow serving as42he treated-1iquid passage; 10
and sealing parts which seal both axial-direction ends of the
cylindrical filtration nenbrane so as to | eave at | east one
treated-1iquid takeout opening opencramMs 2. The separation nenbrane
el ement for filtration according to Claim1l, wherein the cylindrical
filtration lnedoepareticnasernbrgng dement fenfiliratimi configuedioaevipmn saliddiqudbt er
of 3 to 50 15.nmm 3..The separation for.filtration
by i

, nenbr ane el n
accor di ng PERIg e Sing FigiSed Pya IRARG B Trepte Wit coptainsa: | 0% e

cyl i ndri caspdnided écdiponentibebépantion Sehdrdie dlehithOcompeiingndr i cal shape by
rolli g a sheet and bonding both edges of the sheet, or bonding edges

of a plural ity cyfndsicakiilgation membrags ohtainediy fornriag ageps shacbincldingahne
| U ) . ; S . .
The expaniyisy o ghiafddadt s DIH Qv fafibodifert) mEhBlaiB indo h Byfhal 1 7

mean por eshdpeargtie whih dholldwisorrburfdedrby therppstus shieet senvaslagagedtediiqidd gm

or less in a fibrous skel eton which surrounds pores, and an average
t hi cknessP4128% to 200 um 5. The separation nenbrane el enent for

filtration aC%@ﬁﬁBo?lQnénﬁbe’i“i‘d(r ARaRingGhéhdRowlsehAnghe Wé‘ﬁécﬁiidibi& B@ssa €;
porous sheet is conposed of a single layer including the expande

por oul) PTEE nenbrane only or a plurality of layers including the

expanded porous .PTEE . nephr an d..a, dense | ayer...provi de t he outer
SUrTace of t hacaLR BRERMh SBT bR HERH P R OF R ShEER Al dibe g
conposed @Embiand @Gito (iaee &l lemf Orardard-ligakl tikedel @ehiagd op&OM t he group

consi sting of PTFE, PFA, and FEP and_ havi ng pores that are finer _than
those of 3@t A8e peppeatiopmembeang glogsatlar flitabm aqooyding e filpighl whereg the e

separ at i o&liﬂglﬁ*&&EHﬁtiSﬁ EIEE{BPanE Qhs § ditdulA LY IR RAGRES ith dé %iflﬁg%fnﬁ%‘)%

; k
Claims | to erein the support nenber I s conpose
mat er1%al momted with a polyolefin 43 resin or a fluorocarbon resin,
a pol yol efin sin, ol yest er, resj r..a fluorocarhan resin, and
he stppor O mipesperdioR e ispinL st accie@ Clau L et
per f or at egle $bRAE shedl constRlu@! tRelcyRAaRed filtition thegddnc i forbed/meaped bent
portions. 7. The separatjon nmenbrane elenment for filtration according

to any on@liafricy shapg by relbnga shipieand bandingbeth sigss of theshest. or bobagiedses o
a part Of%ﬁ@#ﬁ@g’{ﬂﬁéetﬁ% AcknQr the entire internal surface of the

cylindric ion nmenbrane.” 8. The separation nenbrane el enent
for f20trat4. oThaseparation theinbrane gleareet fof fillfatibmecchbrding to any one of Claims 1 to

3, wherein the expanded porous PTFE membrane constituting the porous sheet has a mean
pore diameter of 0.01 to 5.0 um, a mean maximum length of 30 pm or less in a fibrous
skeleton which surrounds pores, and an average thickness of 5 to 200 pm,
5. The separation membrane element for filtration according to any one of Claims 1 to
25 4, wherein the porous sheet is composed of a single layer including the expanded porous
PTFE membrane only or a plurality of layers including the expanded porous PTFE
membrane and a dense layer provided on the outer surface of the expanded porous PTFE
membrane, the dense layer being composed of at least one fluorocarbon resin selected from
the group consisting of PTFE, PFA, and FEP and having pores that are finer than those of
30 the layer of the expanded porous PTFE membrane.
6. The separation membrane element for filtration according to any one of Claims 1 to

5, wherein the support member is composed of a metal material coated with a polyolefin



7, wherein the support nmenber is conposed of a worked plate provided
with a plurality of outlets in communication with the treated-Iliquid
t akeout opening, the support nenber is arranged at |east on the
treated-1iquid takeout opening side eqd of the cylindrical filtration
menbrane, and the outer peripheral surface thereof is fixed to the

i nner peripheral surface of the cylindrical filtration nmenbrane.

9. Th ti | f fil ti di t

one of orana a bR A, pS Rt a6, ngolyRinein 3% f ey e e ng

bot h axi ahd dielsefporiierhd s @fthd h8peCoflal rRckh &ﬁﬂ)erfa.bﬁeﬁlbﬁg ) ?ér']ffd??cg@ﬂﬁ@t?opé/
an e

seal i ng using heating under pressure or a |aser,

t r eat ed- IPlegteddneahes butinggrafnwng v-shaped hend paitiondut  bei ng cl osed by

seal i ng. 1 T i ’ l.ement f.or filtratian.
accordi ng ?'oogl}leyéaganrgﬁag#%%ggg%sggmn%é%ﬁ%h\?ﬂ%ﬁl ealc%or?lﬁ% R 8 b %r{’%l Be
c ?nsL it uw;a@hgyi_nahelpaipp?wfneﬁqumdniga POS peit atghbﬁﬁ@?ﬂ&hﬂce@i the]g_hiizeg ends
of the cylindric iltration rane, and the franmes are fixed to:
bot h endgntsma{qﬁlgfg@ﬁfiﬂmﬁy?@nga% Hﬁ‘ta'?“é}i mgmbIaBRDhr ane.  11. The

separ at i ongne j j ‘ 0 i

B R P S b
frames ar7e whemreinght sagpppow mearbhr iochvaposoy obmwbrked paerprevitiedwitlh & phealinayf ng
a length cqrresponding.,to t | engt.h.in the axial djrection of the
oyl £ i GSAet i Eeiprihng i e SRl ol hePe o Sinpig oot 1

el ement faangddlat leddtionRhAeGRadiqua thkotd GHelindQidelend &f theBAHkiBal tfMation
frames are conposed of a resin material including a polyolefin resin
or a fl uchruebpnweand e puenperipberplowefacesheraofiie fiagd wakeinheripedphera durficeh

t he poly I Ny I : ocarbon resin. 44 13. A menbrane
nodul e fﬁfaéﬁ%légﬂ%%ﬁ%g%%ﬁf%bﬁgét ernal pressure filtration or

i mrer si on-t% pé}“}msellﬁe&ati@ Ifﬁmlirhmléﬂlém fc&tﬂrlrgzﬂiontab@:irdiliﬁgfm’ aii??nﬁﬁgollaﬁns 1
conprising_a urality,of separatiaq rane elenents for fj]Jtration
accor di négf‘owgﬂ?m %lﬁg(ﬂagﬁ E‘De fﬁ“‘ieélqﬂgfosm@gl %lai'ﬁ‘éfe%t@ﬁ§ﬂﬁst 9idhe

menbr ane &ligdRat fluhQn ﬁﬂi@){a% bPRaffLushY MEHE d]gep,?@%;afeto%h&‘s%r,%& fled S

space t herebet ween. . The menbrane nodule fo ration

accor di ngreatgddiquidrinkesut apering istorrhesl wigpat beingelosedysealimgel enent s for
filtration;arenarranged in parallel . .acomon treated-|iqui .

col | ect i g FupBGRER shhub A Reroon 42 SERERPR Becoh iR b B¢ of G
and the tb@aivhdeinitiicaliigae® uie oMb palt S’ didpBscd RPBdth SxikE ace
of each of the separation nmenbrane 10 elenents for filtration

ar r anged Gigctireads ef the evladripal Silteation gnembranggangrths framesgire Bxgsdndpthgnds
branch t ypenhangharshham hbgnagemon treated-1iquid collecting tube
so that the séparation nenbrane elenents for filtration are suspended
and suppor 1bd. The separdtinn mtrebramndieraend fordidnbtionfaocorfing to Glain h0,adeesinlibeg
to daimd3 or 1 erein the .menbrane ule for filtratigon js
o ce RS arecfserPREH PR P Rt FApSare fonnte Qs bt by

i ncl udes afihteitemectONrah®hfVehgdLlehptBtOGespbMEBED the leAh inl{RE aRBIMFR R
nodul e for  filtration according to Claim 15, wherein the liquid to be

treated chicayhadisabliltration megmbeoe. g/ L of M.SS (i xed |iquor suspended
solids). 12.

The separation membrane element for filtration according to Claim 10 or 11,
wherein the frames are composed of a resin material including a polyolefin resin or a
fluorocarbon resin or composed of a metal material coated with the polyolefin resin or the

fluorocarbon resin.
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13. A membrane module for filtration used for external pressure filtration or
immersion-type pressure suction filtration, the membrane module comprising a plurality of
separation membrane elements for filtration according to any one of Claims 1 to 12,
wherein the separation membrane elements for filtration are connected to each other with a
space therebetween.

14.  The membrane module for filtration according to Claim 13, wherein the separation
membrane elements for filtration are arranged in parallel, a common treated-liquid
collecting tube is disposed above the separation membrane elements, and the treated-liquid
takeout opening provided on the upper surface of each of the separation membrane
elements for filtration arranged in parallel is connected to an end of its corresponding
branch tube branched from the common treated-liquid collecting tube so that the separation
membrane elements for filtration are suspended and supported.

15. The membrane module for filtration according to Claim 13 or 14, wherein the
membrane moedule for filtration is immersed in a retention tank for a liquid to be treated
which includes effluent containing activated sludge.

16. The membrane module for filtration according to Claim 15, wherein the liquid to
be treated contains 5,000 to 30,000 mg/L of MLSS (mixed liquor suspended solids).



