DESCRI PTI ON  PROCESS FOR PRODUCTI ON OF HOLLOW FI BER
MEMBRANE BUNDLES Technical Field [0001 ] The present
invention relates to a nethod of producing a holl ow
fi ber nmenbrane bundle that is used in a hollow fiber
menbrane filter element and a hollow fiber nenbrane

MRSICRIPPIONd by the nethod, and relates to a
met hod of producing a filter el enment including the

FROGESS FORMEROGBIECTHONIQF dQLLOW-FEBER BRANE

%ﬁﬁﬁﬁg by the nethod. Background Art [0002] In a
Ssepar ation process for activated sl udge,

which is one of processes of wastewater, a nenbrane
filter element is inmersed in an activated-sl udge
tank and activated sludge is separated by filtration.
| Techmical Fieddess, the filtration can be carrl ed out at
a &&lflcantlé hi gh concentration of. m xe

4069 nginvrnias) relates 4o o mgthgdmf(pro%qlgg a holiﬁ)w fiber
ACC"E%I@?DM&? His s DSeL i 2 AoUgy Rarmemibrens ROk eyt and

JE e .

%hémedt d¥eprodhibt r%t 4 Filter Tlorhéi in@ﬂuﬁﬂg théheHetv Hber membrane
merrbrane afin settlement tank for renoving

Biswlén drdl a filterddern&B) prodaced by shemhettmder i s

unnecessary. Furthernore, since the filtration can be
dBackgroumd Aregar dl ess, of sedinmentation properties of
activated sludge, no speci al counter

80021 ara meutiang SpRERHOBRIPRESFUIEE AGIVADA UES uhigh is one of

acti vat ed .sl ud

TR O rEual 28 BBt e SR o ppgpersgd, in an
fagg:vgfe@t %evgﬁogﬁegcﬁlﬁizgé%ﬁlgg d108£ 9 sBpardt&d BSehiltration. In
this process, the filtration can be carried out at a significantly high
concentration of. mixed liquor suspended solid (MLSS) of 5000 to 20000
mg/L. Accordingly, the process has advantages in that the volume of the
activated-studge tank can be reduced or the time for reaction conducted in
the éctivated—sludge tank can be shortened. In addition, since the filtration is

carried out through a membrane, a final settlement tank for removing

suspended solids (SS) from treated water is unnecessary. Furthermore, since
the filtration can be carried out regardless, of sedimentation properties of
activated sludge, no special countermeasure is necessary even if the

sedimentation properties of activated sludge are poor. Thus, the membrane

separation process has many advantages compared to
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Di scl osure of the Invention Problens to be Solved by

the Invention 5 [0003] Holl ow fi ber nenbranes

t hensel ves have high strength and can be therefore

used for a long period of time with |l ess damage in the
menbr ane surfaces, such damage is caused by contact of
foreign substances in raw water with the nenbranes.

F r t fi Vi

eanficRBitfon (AL tndy Befe TR RAR 5o pRlly developed
rq@ggﬁﬂyfron1the menbrane surfaces by ejecting, for
exanple] treatnent water fromthe direction opposite

tq)igabgﬂ'dlet LiROMGehfishi on (backwashi ng). However,
e,

activate occul ated sludge, and foreign

S SIHEER I0IRCIF el 5y e Tderitidd aces of the hol | ow

fi'ber  menbranes or petween the nenbranes. Therefore,

t W@G@Bp cdblloey Ebefphtbiandy Brnselves hads ¢ch fstleflth and can
accunulation is not renoved during the filTration,

r dsalthérefore vaed 'emre@q@ngn;[)éﬁbar@ﬂ tigne abithi legs dHilsge in the
there is a problemthat "stable filtration for a | ong
pahentbrafiet suEaces)notickhedamape e auk8@0B) toneictesf tforeign
avoi d the accunul ati on of sludge and other 20

s wubksanwes inrathoevaier With thebienitraeane Furtheemore, the hollow
menbranes are vibrated by aerating the nenbrane

f ifiberr nimbrartesf hawve theadwdritape inrthatiextraneoasisubstances can
between the nenbranes is agitated by feeding air
bliblremovedridrain Hoe mearthrhne Raffacds Bycejooting] for example,
descri bes a nethod using a hollow fiber nenbrane

f itteatmenitewatdr from rtheadiroction ropppsite to theefiltyetidn 2hrection
of the filter element and a fixing portion with a
pl(backiMaghiig). t hiowgtvenplaetivated rsgudlgmye floccnipted odudge, and
This filter element is aerated 2 fromthe |ower ring
sifoeeign fsubstancgssagmudikate non hthee surfsices hef | theehollow fiber
ring and to generate uniformair bubbles through these

t hmeungiranes eer between the membranes. Therefore, the effective

membrane area is decreased if this accumulation is not removed during
the filtration, resulting in a decrease in filtration ability. Thus, there is
a problem that stable filtration for a long period of time cannot be
achieved.

[0004] In order to avoid the accumulation of sludge and other
substances on the hollow fiber membranes, the membranes are vibrated
by acrating the membrane filter element from the bottom, or water
passing between the membranes is agitated by feeding air bubbles
upward. For example, Patent Document 1 describes a method using a
hollow fiber membrane filter element having a lower ring at a lower part
of the filter element and a fixing portion with a plurality of

through-holes on the lower ring side. This filter element is aerated
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that the sludge and ot her substances are easily
exfoliated. However, even if such nenbranes are used,
it is desired to reduce the nunmber of 5 the holl ow

fi ber menbranes to an appropriate filling rate in
order to avoid adhesion of dirt for carrying out
f||trat|on for a Ionger tlne [0005] When a hol | ow

ﬁ)fﬁlngﬁ[’g\ﬁ% tr{{lg Eﬁ{el er as @dgﬁé’ éﬁ’d‘ %rf the lower
q‘ﬁ‘}’%rﬂirlnaéog ét'%%ﬁ?orrﬁ Bﬁbﬁ&s'tﬂﬁ(g.l é é{u holes SO

utlon at t end of I xed por

('iﬁéﬁ fshfd ge "aﬁHeb §1fbs%?we§ el | éasxgg eﬁgbﬁb.t%ﬂ ) Hf)wever

t he Iow I ber ranes. udge an

S %%hai‘%'cs‘it%heﬁ‘l%'nhlyranféﬁ GgulseHE 1tafs &eﬁféd P Pedlias ﬂlé ﬁﬁmber of

hol I ow fi ber nenbranes are uneven y di stributed

aqHe thslfow! fiber fmbfrﬁﬁ'aﬁés?ﬁ!@fﬁn APPrEriate ﬁlllﬁﬁg h@k@inl drder to

the fixing layer at the | ower |ng S|de t he

t hivoid adhesion of dirt faosadying dhefikbatist $oo8 lohgérttme.

hol | ow fi ber nenbrane bundl € and t hereby the aeratl on

ai[0005pWhest 4 chdllewofiteirden@nbidite MAltepveleniait has a low
menbranes during filtration treatnment. Therefore, the

efrhemibrase ifillupfiate ahe Holloxdlfﬁﬁérah@tﬂlﬁranélmmlbaawunevenly

activated sl udge and for ei gn substances to the outside

ofdistributbd) tezultfingén andifficaity inumdiformAdistribetson af the end of
| arger amounts of 20 floccul ated activated sl udge and

t efikedepgrticn fhe¢rmicafternaefornédite don"enddixingl portioni§rof the

menbr ane bundl e of the hollow fiber nmenbrane filter

elmibow tfiberausenabranes! em Studgeogmidhgottiert hsubistdnaes  easily

fiber nmenbrane surfaces. HLgO% In a method that is

pracpusndatoat ppodiion vghere dwifiber m&nubranes ace unevenly

filter elenment having a |ow nmenbrane filling rate, a

| alistributedbednafdditibhpin &ifiléer elemenireyingdhrough-holes in the

di sposed and are wound 3 up together with a
r dixing] layed at the dowentring sids, ithe thraigibheles arenexposed to the

ends, including that of the |nsert are fixed (Patent

Deusigiet of the hollosw fiber membrane bundle and thereby the aeration

air flows out to the outside of the hollow fiber membranes during
filtration treatment. Therefore, the effect is insufficient for discharging
flocculated activated sludge and foreign substances to the outside of the
hollow fiber membrane bundle. As a result, larger amounts of
flocculated activated sludge and the foreign substances accumulate in
the hollow fiber membrane bundle of the hollow fiber membrane filter
element to cause a problem of clogging of the hollow fiber membrane
surfaces.
[0006] In a method that is proposed for producing a hollow fiber
membrane filter element having a low membrane filling rate, a large

number of hollow fiber membranes are thinly disposed and are wound
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al so proposed that an insert such as space yamis
di sposed between hollow fiber nenbranes in order to
prevent raw water fromdrifting in 5 the hollow fiber
menbr anes (Patent Docunent 3). However, in these
nmet hods, since the insert is present between the
hol | ow fi ber menbranes that exhibit a filtration

186,88k BB S Pulbied petE AREG " Rofled Mo and the
actiGa el Rng At Rt el M JL (D& Rfpene ). 135
2 13 85 ert J0EE U DS TERY 53885 R B, rBosba’ Betvcen
20 B8 BloPRr R @i Jo SYeh R el from, drifing in
PaheHol l:ﬁgé’lt Mbﬂ%ﬁgﬁﬁ%@u%m SR e these

Docunent apanese at ent pli‘cation

PUlbilaisl 9hdddheGRsert {9 gﬁeléght 'b%t\%ﬁﬂg ghtg PBIIB(N Fiber Srgne%lbranes

present fnvention to provide a net produci n

h iHIeTa AR e [ d

hglh%igwtggra 20 ngﬂan:rugggghé}g@ _eve_ni )g gﬁ s%%s@ﬁ%?nes by an
f ingdarl flowl of alro BubBBIEY #'8nhibitdd #8 diphificditBdetfease the

Sol*'ving the Problens [000/] The 1nventors have

C T ioTlisetiapngy floztullited arfidatrPsdgeed foreipdy Substances

found that the~above-nentioned proble can be sol ved
byto e dbwRide Nsf ahe | R6HO | filbérdenanibthhewbhhdk), which is a
menbr ane bundl e, fixing the ends of the hollow fi ber
nelibidviggac@nd t hen renoving the insert from 4 the
i nsi de of %he hol | ow fiber nmenbrane bundle. Thus, the
prient Doévighenon 1haslapaasséc lagesmindtht Pasentt hApplication
present invention includes

Publication No. 2000-157846

Patent Document 2: Japanese Unexamined Patent Application
Publication No. 06-55083

Patent Document 3: Japanese Unexamined Patent Application
Publication No. 06-327905

It is an object of the present invention to provide a method of producing
a hollow fiber membrane bundle wherein the ends of hollow fiber
membranes are evenly disposed and fixed even at a low membrane
filling rate.

Means for Solving the Problems

[0007] The inventors have conducted intensive studies and, as a result,
have found that the above-mentioned problems can be solved by
disposing an insert inside a hollow fiber membrane bundle, fixing the

ends of the hollow fiber membranes, and then removing the insert from
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the follow ng aspects: (1) A nethod of producing a
hol | ow fi ber nmenbrane bundl e having a 5 fixed end,

i ncluding placing an insert inside a hollow fiber
menbrane bundle at a position inner than a region to
be fixed; fixing the ends of the hollow fiber

menbr anes; and then renoving the insert fron1the

abhofisfle sFouSc hay B, FRIRBERE BUBRLE. Thksy Be fyesent
gg%gélg{npﬁc}%n& gc%é‘}%qcngh gir.’ ri?’ess; F%)%h%‘he@lr%rrelﬁﬁgdm cludes

th@rfBHHﬁl{lg &ﬁpg I.oyv fiber nenbrane bundle according

t o aspec efein the insert has an apparent

d | iy al ;

pﬁ(g lél)/%lgﬁ'é&}] q#l ;I@ gg ﬁérg?gﬁgbé )ﬁ%%aﬁracc%% htag ng a
[ e

TR, chS E‘E%l?‘gfﬂé phgcinR an HigElifsidets IRARN B membrane

fIheid18BAY pBSitiun tHifer RRRCA %gﬂ)d 28] %’épﬁﬁéd( ﬁkm% the ends of

wherein the'insert Is a foam 20 (6) The nethod

prthd %nwﬁ&klﬁwdb&%sﬂaﬁﬁrﬂ{& Pem@lvﬁl aheolrefd fidin the

aspect (4), wherein the insert is a baIIoon i nfl ated

wijh8ide o slibw  filser mepfane bundle; met hod of

produci ng a holl ow fi ber nenbrane bundl e accor di ng to

ai(2) ofThas paettod 1of t prddiicinghar digligwe fibererhemdsaie bundle

shape of a 25 spher'e, a cylinder, or a polygonal
¢ GlceandingBio é[ilkdff(ﬂblod/}&felﬁf@ﬁuﬁiseﬂ: ltashah lapypatéedensity of 1

menbr ane bundle 5 according to any of aspects (1) to
(@/cmﬂkmfless; the insert has a shape of which a
cross-section perpendicular to the major axis is
ci(Byulldre, method of producing a hollow fiber membrane bundle
according to aspect (1), wherein the insert has an apparent density of 0.1
g/em’ or less;
(4) The method of producing a hollow fiber membrane bundle
according to any of aspects (1) to (3), wherein the insert is a hollow
material; '
(5) The method of producing a hollow fiber membrane bundle
according to aspect (4), wherein the insert is a foam;
(6) The method of producing a hollow fiber membrane bundle
according to aspect (4), wherein the insert is a balloon inflated with a
gas and/or a liquid;
(7) The method of producing a hollow fiber membrane bundle
according to any of aspects (1) to (6), wherein the insert has a shape of a

sphere, a cylinder, or a polygonal column;

(8) The method of producing a hollow fiber membrane bundle



10

15

20

25

el l'i psoidal, or polygonal and has a circle-equival ent
di aneter decreasing fromthe center toward one or
both of the ends along the major axis; 5 (9) The

nmet hod of producing a hollow fiber nmenbrane bundl e
according to any of aspects (1) to (8), wherein the
insert conprises a thernoplastic resin or rubber;

E%ngﬁl%@% ?Ig? rg)éf%:@?%ﬁ?yﬁ??t%@&@ %lge‘}?ifg ﬂfbgﬁﬁ%?f’ﬁﬁé‘ 4hape of
{IERIT 4 1noSedton BenkintiCRet 4 SRFLINR is circula
5 281 0o 85 R B0 B R8I ot asing
58 e G PIGARE o O otk b BBty e por e
0f(h hef Hifethic] ( F) f‘od@iﬁgd aOThAMAWUGHRE nb@ibraie bundle
fiber nenbrane bundle® having a fixed end, including

PO . . . 0 .
O o Ao (D o T oy e b i ramprises 2
a thefmbpPastid¥esin of pabbér;r egion to be fixed; fixing

the ends of the hollow fiber nmenbranes by injecting a
cqq0)nThertrRethdd tof thtedachfz od hdRowolfiley fmbatbréfle bundle

nmenbranes by a centrifugal force and hardening the
c agidondingateeanglof aspedtst (19nor(@pwhegeinhtel regtons foofiking the
the inside of ?he hglel ow(rl?i be(r menbr ane bundl e; (13) &
A dids lewvd throughehdies on dneside; havi ng a fixed end
produced by the nethod according to any of aspects
(1%1 1o The2)metod 16§ prodechng »f hpHowudiber anbnibrane bundle
fiber nenbrane filter element, including the step of
di sqposding to Any lofasbebts (Ietobf14)ewherdirea imembréne filling rate
surroundi ng nmenber for the end fixing portion or an
exdteanantenfhi¢erdaner than tthe emd Hixingf pprivom oo ghe thollow fiber
hol | ow fi ber nmenbrane bundl e having a

membranes is in the range of 5 to 40%;

(12) A method of producing a hollow fiber membrane bundle having a
fixed end, including placing an insert having an apparent density of 0.1
g/em’ or less inside a hollow fiber membrane bundle at a position inner
than a region to be fixed; fixing the ends of the hollow fiber membranes
by injecting a casting material to the ends of the hollow fiber
membranes by a centrifugal force and hardening the casting material;
and then removing the insert from the inside of the hollow fiber
membrane bundle;

(13) A hollow fiber membrane bundle having a fixed end produced by
the method according to any of aspects (1) to (12);

(14) A method of producing a hollow fiber membrane filter element,

including the step of disposing a hollow fiber membrane bundle in a
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fixed end according to any of aspects (1) to (9); and
(15) A hollow fiber nenbrane filter el enent produced
by the nethod 5 according to aspect (14). Effects of
the Invention [0008] According to the nmethod of the
present invention, a hollow fiber nenbrane bundle
i ncl udi ng hol |l ow fi ber nmenbranes evenly distributed

bRy DRSO KPR UURRT LS nde,
1 . | 1 .
By i e OEprddihe ol Todmaani s asing

t FQidénd atESrdihg td%o %%W%é Elt):]tge(t?g“éﬁd de of the

menbrane bundl e 1Tow fiber

MeDy 20 T Ebéeeribidre filtel \eléinenb Predused dgetii thethod

other substances to the outside of the 15 holl ow fi ber

nagbordifghsd gct/\geg.it is used in a nenbrane

separati on activated-sludge process. This ensures

sERd@&s foflithe 3avemiogperation for a long tinme. Best

Mbdes for Carrying Qut the Invention [0009] In the

hgooosa fAdsirdivgrts dnentuthdd ofithegireeehtinvehtionpa hedlook fiber
20 the present 1nvention, a plurality of hollow fiber
mandinbigse banti éiclatingholless fibenenembramewevdrdy distributed
hol | ow porti ons open at at | east one end faces of the

hat | the feindefixmgbpoartion ¢A016¢ readilyolpgrodutedesven at a low
menbr ane bundl e can be used in filtration treatnent,

s ueémbsane filling) rate.c s Furtheriridreaeven , inatheacdsel that the hollow
el ement whose 25 open end face is connected to a

c dipermaembrane bundie has theeighshplesi atgond ends of thexmeanbranes,
device for charging raw water. Fig. 1 shows an exanple
7thé thireughtholes farsenotreerpased to |ther outsidenof tthat membrane
used in external pressure filtration. The hol | ow

f iboadlee nb Consefjiuendy, ethenelmollowc| fibes membrane bundle can
efficiently discharge sludge and other substances to the outside of the

hollow fiber membrane bundle when it is used in a membrane
separation activated-sludge process. This ensures stable filtration
operation for a long time.

Best Modes for Carrying Out the Invention

[0009] In the hollow fiber membrane bundle produced by the method of
the present invention, a plurality of hollow fiber membranes is fixed at
at least one end, and the hollow portions open at at least one end faces
of the hollow fiber membranes.

[0010] The hollow fiber membrane bundle can be used in filtration
treatment, such as external pressure filtration, as a filter element whose
open end face is connected to a component that is connected to piping

of a filtration device for charging raw water. Fig. 1 shows an example
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a hollow fiber nmenbrane bundle 1 conposed of a
plurality of hollow fiber nenbranes, an upper head 2,
and a lower ring 3. The upper head 5 2 and the | ower
ring 3 serve as surroundi ng nmenbers for the end fixing
portions and fix the hollow fiber nmenbranes at the top
fixing portion 4 and the bottomfixing portion 5,

oo fid iﬁtﬂicgwi @B%e?#%mfgg%%?ﬁ& kferflent ﬁ‘légl”gst gls dN# external

| ower ring a partition avi ng

ARl Rioh. % THEhARAYTIbES ARmBiare REr Ll iincludes
o e P b 0y off £ PRy ISt hollow
of R e TRE LPPCTHEALY, I SR0We] PR, °Theeper head
Me2 had 9k BHRIUSHES $dteehl hnvolhdl ARMBESToPRElad fixing

15 of the present invention, it is necessary to

C Qpdritiiisearith ixothesh61166r fibBE Rrabearkisnatl thebtopbfinitlg portion 4

a plurality of hollow fiber nenbranes and inserting

anarich $ké thotfsrh dfixidye poetibavs | tdapectively, airl bue donnetted to a
the central side inthe length direction of the

megdluane 7. haThe loegirafingt®rie delimited by d pertithod iplatd having
formed using, for exanple, a casting material 20

( reughitictes Gostctir ometet aredbatewihitle dhée endefidirig an@on 5is
portion-formng region'). It is possible to evenly

di formieddut eIn hanathds cdnfolrmation, ow holew filmerb maerabrame filter
the end fixing portion-form ng regi on by di sposing the

i nelemerdtincheles aholibwsfiber meanbrane mmdleidispased in a cylinder
portion-formng region. A hollow fiber menbrane

buwithe agprerimatelpwitié eamere ngthe asathat? Hfetheal hollow fiber
distributed at the end fixing portion can be obtai ned
bymembnagetthmdlends of the hol |l ow fi ber nenbranes

with, for exanple, a casting 8 material, in this

st[A0d 1][ botly nithod efsprddudingttiiel holléwhaberrsn¢mbrane bundle
us(()efg tﬁg nprlers]grlltu (ijl(levention, it is necessary to configure hollow a fiber
membrane bundle by bundling a plurality of hollow fiber membranes
and inserting an insert inside the hollow fiber membrane bundle at the
central side in the length direction of the membrane than a region where
an end fixing portion is formed using, for example, a casting material
(hereinafter, occasionally abbreviated to "end fixing portion-forming
region"). It is possible to evenly distribute the ends of the hollow fiber
membranes in the end fixing portion-forming region by disposing the
insert at the central side than the end fixing portion-forming region. A
hollow fiber membrane bundle whose hollow fiber membranes are

evenly distributed at the end fixing portion can be obtained by fixing the

ends of the hollow fiber membranes with, for example, a casting
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reverse osnosis nenbranes, ultrafiltrati on nmenbranes,
and mcrofiltration nenbranes. Any known material can
be used for the 5 hollow fiber menbrane w t hout
particular limtation, and exanples thereof include
pol ysul f ones, pol yet hersul fones, polyacrylonitriles,
pol yi m des, pol yetherim des, polyam des,

p %.thrﬁﬁlﬁ pol yet her et her ket ones,

pg#l%/{et yi ene, Qg%t?/'pr opyl ene, pol y-4-net hyl pent ene,

C | , y i i e .

oo el o MO TR ST HRPESCUse soan dnclude

yethyl ene-tetraf [ uoroet (
PRleyERl" af btpaRt Nitheffbrafdd CQilRafIrEtiOR! € théinbranes, and

t her eof . Furtﬁerm)re, a msr?brane_ aving an inner
dira{EtofltrafioR Unkhbiales.Pm kabwini Paterial 2Rt BE/ ﬁgﬁefor the

dianeter ratio of 0.3 to 0.8 can be preferably used.

[ HOlEIw THibe Nghehibriafe REdRN paptiCulie dindigftio 28Rd eexamples
with a fixing 15 material, such as a casting _

meherdcf! -intludedhi poBgetfoniek] opolyeiRetstifones, ﬁagﬁdrﬁlonitriles,
is aresin for formng a fixing portion by bonding
apstiloimides, ng éthierinhides, Ner ide®, eacpolyéhierketones,
and 1's, in genéral, a tw liquid ardening resin

c puiyethetretherketohes,nopl ast i gpolgsihyledde two | i gslgpropylene,
har deni ng resi n conponent hardens when a plurality of

c qmdyu@meth?htmbn@ r eeldtiiose] y ceHulvseedaeatdte, upalivinylidene
is also called a two-conponent adhesive or a
t viluaradgonent cagsilyethylesete@afluosodthybierred af t ercopolymers,

m xing of these two |liquids, called as a main agent
arpblytetrafivaroatieylene yived conyeukitel materéalsrtherenf. Furthermore,
invention, preferably used resins are a urethane )
r e imembrguies having an nminer atjameteroof $into 3 008opymantdean inner
as _a reactive 25 group and a curing agent containing
ardiantetenionted doameteraatia of 0.3 tood Gacarcbe pupferably bsed.
epoxy resin conposed of a main agent 9 containing an
ed0Qy3§rhe e fixingcpovidonrisufixedd forcexamplegavith a fixing
contai ning an active hydrogen-contai ning organic .
conpleriad, suchras a casting material. In this description, the casting
material is a resin for forming a fixing portion by bonding and/or fixing
hollow fiber membranes to each other and is, in general, a two liquid
hardening resin component or a thermoplastic resin. The two liquid
hardening resin component hardens when a plurality of compounds
having reactivity is mixed and, usually, is also called a two-component
adhesive or a two-component casting resin and is hardened after mixing
of these two liquids, called as a main agent and a curing agent, when
used. In the present invention, preferably used resins are a urethane
resin composed of a main agent containing isocyanate as a reactive
group and a curing agent containing an active hydrogen-containing

organic compound; an epoxy resin composed of a main agent
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organi c acid anhydride; and a silicone resin conposed
of a vinyl group-containing polysiloxane and
hydrosi | yl group-containing 5 polysil oxane.
Furthernore, the thernoplastic resin preferably has a
melting point |ower than that of the pol yner
constituting the hollow fiber nenbrane and is

Ee SORLARLY (T SoRRSetBbYad PR rdic olBlall flouife agent
ﬁﬁnu?%cih Agetio| ggﬁrlﬁﬁttaﬁl‘ﬂl% est ¢ compound or an
polyethy

and pol*ypr opyl ene, es. 10 [0014]
| dr %cmatgirpfaggﬁé{ drid©ddating  gj1 e YedinbomBoHRdaRE a vinyl

bun , t 1s used. The insert is a spacer
BB Rbt i en:pblyfﬁlﬁjﬂah@ﬂ afd  $RMrosilyt h ou -containing
msrrbranes by parttallly form ng gaps betvveen t

sileearé)r | ParthBEmBr&)CHfeS tRermPPIANEL NEEsih ﬂe@éﬂam has a

fiber nenbrane bundle. The insert preferably has an

a@ﬂﬁtﬂ%})dﬁﬁsld\yeﬂfthdn Ghat offthe’ pdBrhés eonktifiting the hollow
preferably 0.4 g/cnB or |ess, and urther preferably
0 fibeg/rasthbrane laegkis plipeit l¢5i|am clﬁlnﬁmﬁ}f padistiveg to raw water
of 0.04 g/cnB is preferred. [0015] At an apparent
deodie filtefed.heSpociid exmplés Biclnde thefmeoplasticaesinshsnch as -
the hollow fiber nenbrane bundle is produced by
pypiol ymethdrees, ipodpesters, gelwoathylens, dadijudyprdieylenepimdimaxes.
bundl e, the hollow fiber 20 menbranes under the

i (8814} Iarthermicthod tfor tprddutmgnd didliow, fibee membrams dundle,
f|X|ng portion is formed by injecting a casting
mandnseit isyseden(lief ingatt iswl spacer alsspimdrfohreadreh]y digtributing
the position of the insert may nove due to the
cendsi bligthe fmepbradesebyr paﬁuaily aformiiing igapsodetwecen these
by using an insert having an arent density of 0.4
gmmmetsedurmgrtheumozesmeﬁpr hitingtthedrolioweiiber membrane
havi ng an_apparent density of 0.1 g/cn8 or |ess.
[ e.Th a"hapmﬂﬁnprecfaahly yhasfan apparensrdensityaof d1Qg/cm’ or
obt ai ned by di vi ding the mass of the insert by its
vdessqanorenpreferably (hé @fcm iar less, and &urther preferahlyd). 1 g/cm’

t hree- di nensi onal structure surrounded by planes
t gtidess tBractically, an apparent density of 0.04 g/cm™ is preferred.

[0015] At an apparent density of the insert of 1.0 g/em’ or less, even
when the hollow fiber membrane bundle is produced by putting the
insert sideways inside the fiber membrane bundle, the hollow fiber
membranes under the inserts are not distorted. In addition, when the
end fixing portion is formed by injecting a casting material by
centrifugal molding as described below, the position of the insert may
move due to the centrifugal force. However, such a shift is moderated
by using an insert having an apparent density of 0.4 g/cm’ of less, and is
negligible by an insert having an apparent density of 0.1 g/em’ or less.

[0016] The apparent density of the insert is a value obtained by dividing
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t he outernost surface of the insert. [0017] The insert
is preferably a hollow material. The holl ow materi al
5is a collective nane of those having a space inside
thereof. Specifically, the hollow material is a

t hree-di nensi onal structure including a solid portion
and a space inside a structure forned of the solid

Pahki BAss HFghs Qﬂ&{h Bgyit@ Qoffaked e YBHIRLHBEHCR fie interior
h al s

with the extern ace. Furthernore, the space may

bevglahie bf arthfed-dirfedsibhabstighiresubforrttR P phnestfgent to
space is filled wwth a gas and/or a |1 quid. 0018]

Thheshapemebt sindadobl tye fieet.i al is not particularly

limted, and exanples thereof include tube, cage,
bdl004G%, The dierb ¥ preferdbly & k6w matshidloanmse hollow material

structures. Fig. 2 shows exanples of the holl ow

nakerd acslle¢tivé ngame ubfll dioshahavidlg aa capacshaiside thereof.
Among these hollow nmaterials, 15 preferred are ball oon

nmfpedificallgndtheodrollowi chateeial ais @ daeeadiddensional structure
liquid inside thereof, having an apparent density of

0.ibchiding arsolidsportidiuanidea paee ihbrlebal dtawturafermed of the
can be reduced in volume by extracting the gas and/or

t isolid poitton.ns The speeeanhy|bes sedletl aremayecomemanighteotvith the
the material and, therefore, can be readily renoved

f retead SEadensi Harthiermoee ) ¢hé ospddebenayrebér partitioned into a
bundl e, Examples of the liquid enclosed inside

i mnralityeehsutvspaces. ci The space isifillediwith engasaanidAvetachiquid.
[00195 Preferabl e exanpl es of the foaminclude those

t HR018] eThe shape oftheihodlow matemad ip oo examticelaslys Hested, and
or bubbl e sheets that are comercially available as

s lexapplgs sthepeofeinclude dube; cagey balloon, foampgporsus stmestures,
or foanmed heads fornmed by nolding with dies. [0020]

Tiaad Fogamed

shEpchares. adligs Bahows examples of ithe batlow materials
le:hgvégé :a&r&bilrl]gfyﬁ;l%almia;l; 4 [Gs.fgg rsgg%gg@%%eﬁhegg hoNosw apaterials,
ga,p\{'ig ?qgrrég S@\?g %g?llgo?lr m%(t)élfifi:llg nasiid ffg ;m(,e )\(J\?lrlrir():lhec’ogtaisnp gegr aes’ and/or a
liquid inside thereof, having an apparent density of 0.1 g/em’ or less.
Furthermore, the balloon material can be reduced in volume by
extracting the gas and/or the liquid inside thereof just before the
removal of the material and, therefore, can be readily removed from the
inside of the hollow fiber membrane bundle. .Examples of the liquid
enclosed inside include ethanol, calcium chloride solution, and water.
[0019] Preferable examples of the foam include those that are formed
by winding foamed polyethylene sheets or bubble sheets that are
commercially available as shipping supplies, tubes filled with air, and
foams or foamed beads formed by molding with dies.

[0020] The insert may have any shape without particular limitation and
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or a cylinder, has a |ow probability to danmage the

hol | ow fi ber nenbranes and is therefore preferred. In
addition, it is preferable that 5 the insert partially
has a shape of which the cross-section perpendicul ar
to the major axis is circular, ellipsoidal, or

pol ygonal and the circle-equivalent dianeter is

dgg gﬁ@?‘ﬁgPH AepHipe CoA L lips MR PRAAEY, _or’bé’?%(l:l otdlecolumn.

ends, I's, ‘a clircular*coné, a pyrand cul ar

trARGabetha ?essoa[ngllﬁf Eﬂﬁi’érﬁd f8y éﬁﬂi{ﬁ)le,ad‘ﬁpﬁet‘ébﬁﬁ%llipsoid,
i ncludfng such a shape ahd a 10 portion of a cylinder
Oford af @§llididiey! HasCal UaR ﬁobﬁbilit?u kar Bmpipel ehi¢ elollow fiber
shape has, for exanple, a cone afl one end of a
C)thentinés aflld¥ihérefbidpreféned. Aot Additiona ipisepfederable that
pyram d at one end of a rectangular colum. The
dithé rinbeit ipartiafly hels| Dshapd of wikithr hieesrogssebiion grdpéndicular
achi eved by setting the inserts in a hollow fiber
mggbrthee niajod| axizuck kirdulat, tehépssidahwiorg polygéralesand the
the end fixing portion. The circle-equival ent
dicirdeaquivalens dhatietérois decriazedtfeonmotha center! wward one or
having the sane cross-section area. (0021] Any
médothi aff theaends; thater$, hioziradas iconet aqpyrated] aodrdular truncated
W thout particular limtation, and exanples of the
metose, air 4 truncdtednpymimid andea shiape dnsloding sush a shapssand a
steel and alum num ceramc materials such as gl ass
ambrtiensof a8 sylindér or garectangiihareolemrier | Alpartioularky preferred
thernopl astic resins and rubber. Anong them preferred _
arshapethas, foxexampigyp corsiabonetend efielcydinder as shown in Fig.
thernopl astic resins and rubber. The tensile nodulus
of2-guchAaothereekainple has @ pywamidaat fome erdnpf & restangular
Furthernore, the insert of the present invention may .
becodumn. edThet distribuider rofs hpllowe frharemembranes rgane beoreadily
the material include, 12 water-soluble inorganic salts
ofachi¥ed biresesling dhe anserts i adweilownBber membraneabundle such
sodi um chl ori de, ., pot assi um chl ori de, cal ci,um chl ori de,

at the narrowing end faces the end fixing portion.  The

circle-equivalent diameter corresponds to the diameter of a circle having
the same cross-section area.

[0021] Any material can be used for constituting the insert without
particular limitation, and examples of the material include metal
materials such as stainless steel and aluminum, ceramic materials such
as glass and ceramics, and organic polymer materials such as
thermoplastic resins and rubber. Among them, preferred are materials
having flexibility, such as thermoplastic resins and rubber. The tensile
modulus of such a material is 1 to 3000 MPa, for example.

Furthermore, the insert of the present invention may be diluted with a

water-soluble material. Exémples of the material include
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magnesi um chl oride, sodiumnitrate, potassiumnitrate,
calciumnitrate, magnesiumnitrate, sodium sulfate,
pot assi um sul fate, magnesium 5 sul fate, sodi um
phosphat e, potassi um phosphate, and sodi um silicate;
wat er - sol ubl e organi ¢ pol yners such as pol yet hyl ene
OXIde and pol yvinyl pyrrolidone; and water-sol uble

AR CeiPROMGIBAANS Bafi3 of A nctall BF alkaling carth metals
hyﬁidhxyﬁ ORYdih ! @hﬂ’éﬁdeT éﬁsgﬂﬂfnb%hl’&?&e al of1eih fb?nlonde

a m xture of 10 two or nore thereof. In particular,

o B gﬁé&hﬁi‘ chlofdds Osdtiugh Hifhe) é)cﬂ%@n"\ﬁitﬁites @hld:'@uﬁl nitrate,

c polymer and a conbinati of a soluble starch
anghagnBsiues - ARtkate! esedigad SulFRrE OpBEhsSAmPsaWhade 3fagnesium

insert having a i ow appar ent densi ty and a relatively

hi gfifarec Badhaal phédptinge hpotidiahephbgiteiter endr idinfiedilicate;

FurthernDre a vvater SO ubI e insert has an 15

adwatdragifuble tdplanide polyasiets cauiclbeas epolysthblene oxide and

dissolving it with, for exanpl e, water after

prpolyw mgdpgn@idcnw f alérwatsrisclubleowrghsic tompounds such as

parti cuI ar, such an insert is useful when the hollow

flshﬂub}esmktamig darbokpmiethylesllaiosed hydréxyethylogilidose, and

an external cylinder and, thereby, the insert is
d|1ﬁydmwypr®py1belluhmwedl‘he§s 02 bE Used slone of asemixture of
insert can be determ ned according to the Iength and
t Mavalicanmoee théreofle danpardicslany rdtembihation |dfi agoluable, starch
the cEosul ons of the thrOl(,I)gh hol es, and ot her
ias water-sehuble | arganke podyiner | and af combination afeat soluble

be prepared has a Il ength of 1000 to 2500 nm and a .
di starsthe andf am(atmesdtu%lmr@nw icosmpoumdycamprovide an insert
di aneter of about 50 25 to 100 mm and a | ength of

abizaningGolow appasenindermityt and moredatively lu@hamchanmal strength

:trgtl gfc’eet&;ﬁgsorge;rlcrfﬂ?rgl {1 Fowtheemore thesmn Ing \%amﬁ%u}sgh;glegasert has an
e iy LOOZB Ig \uta,ggrt ga%dggtlje(l)ri]ovn:c{ rl])())fddlosfsofvhlrelg it with, for
example, water after producing a hollow fiber membrane bundle. In
particular, such an insert is useful when the hollow fiber membrane
bundle is contained in, for example, an external cylinder and, thereby,
the insert is difficult to be removed. |
[0022] The size of the insert can be determined according to the length
and the diameter of the membrane bundle, the filling rate, the positions
of the through-holes, and other factors. For example, when a hollow
fiber membrane to be prepared has a length of 1000 to 2500 mm and a
diameter of 100 to 200 mm, the insert may have a diameter of about 50

to 100 mm and a length of about 400 to 2000 mm. Furthermore, the
diameter of the insert is desirably one-fourth to two-third of that of the
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plurality of hollow fiber nmenbranes are bound up and
their ends are fixed with, for exanple, a casting
material, it is necessary to place the 5 insert
between the holl ow fiber nenbranes at a position inner
than the end fixing portion-formng region. First,
hO||OM/fIber menbranes for constituting a holl ow

AREmBHAAL B BdEe &% Bgﬂfrggareﬂqe advant ageous

ect the present 1 nven articularly
Tlg&ﬁ [ f I
flc[ggrggfreqﬁlbpgﬁgg at ?ﬁﬂb r(#:lerb ace %ﬁ]tegﬁt Mh%en a

DAy S RGPy, hinbRlhate BBGnd Y ARl heip ends are

USBcdd Qvith) Ofdroékéﬂlg?;re ﬂﬂﬁh?%e@ﬁat%ﬁaﬁsltt@ Ifél‘fe‘s?ﬁére i gPace the

menmbrane filling r mbrane filling

MihSerd tRteeeh! thel Holldww ﬁBé‘xgﬁlé?ﬁbﬂéheboat@g?sui&Q derin the

di aneter of the hollow fiber menbrane bundle is

Pregide fisinh 1% pbrtidA-foemifAp reFicid Fake ReROK fibky Iﬂ&ﬁbhﬁhes for

800 mm erefore, it Is necessary to determ ne the

neyopsanging | & hollost efibed mepitftnct bandid | ay prepared. The

menbranes with consideration of this point. The Tength

ofadvaatagedusosfiecbarf thpresemt bieneioal i€ fpatrﬁeurazr kit aghieved
of the ends is preferably in the range of 300 to 3000

mwhed the @abibrant hiidirme satei of tlon holloav nfébdar anmeenbranes at the
filling rate is a ratio of the sum area of

c intexfacec B3lorinaee dhanf thehend fixingf poetioneobrtheehotlow fiber
the cross-section area of the fixing portion of the
hahembrans dumdlehs dnto 46%ad| Aarordingly niteis piederredtatuse the
is, the menbrane filling rate is a value calcul ated
b;ho(lh)w efibeii amemhranés tsol hoviof shtésfynthisr mrembrane( ifilling rate.
the 25 nunber of nenbranes) / (cross-section area
¢ membranet filingfatetie morel prefetable in teervangeobifdbS0%.
at_the_ inner side). Wien the nenbrane 14 filling rate
i 4083 skhsdiameter ofithedollowdibarrmendbiang bundle 1s preferably
menbranes are prevented fromuneven distribution, and
a ¥bto O mosr ané mhorm greferably 100 to 800 mm. Therefore, it is
necessary to determine the membrane filling rate and prepare the hollow
fiber membranes with consideration of this point. The length of the
hollow fiber membrane bundle afier the fixing of the ends is preferably
in the range of 300 to 3000 mm.
[0025] In this description, the membrane filling rate is a ratio of the
sum area of cross-section areas of the hollow fiber membranes to the
cross-section area of the fixing portion of the hollow fiber membrane
bundle at the inner side. That is, the membrane filling rate is a value
calculated by (outer diameter of hollow fiber membrane)® x (w/4) x (the
number of membranes) / (cross-section area of fixing portion of the

hollow fiber membrane bundle at the inner side). When the membrane
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bundl e provided with appropriate intervals anong

hol | ow fi ber nenbranes can be obtained. It is
preferable that one ends of the 5 hollow fiber

menbr anes be occluded wth, for exanple, an adhesive
and be then divided into sone sub-bundles, before the
insert is disposed into the hollow fiber nenbrane

bugirs rﬁ@%&?j&%ﬁéy 1(:1;? e iaﬁg%tvilﬁedﬁgeogﬁgGg{ ﬁt‘bﬁg membranes

insert~is desi sposed near t

t UG et M eyndd ‘H""ﬁ“ﬁﬂ j

18&% hg [ nse?? %ﬁdrlnsl%%esﬁeg? ? n the oﬁiﬂo%ﬁ@%@pﬁgﬁﬁﬁgﬁaﬂe
b t qti [ t | O e

Lo e prAOst |\, BBpEop RS el gy hallow e

I egebran®s PEAY | ke bbtdieddi Slttaﬁsc?_ré’fer&lb‘lé Hes bheNehdPBf the

the region of the end fixing portion can be determ ned

bassldown fibee meatbranks thee ocbRrldd wille firaeRasiple, an adhesive
length, and filling rate of the hollow fiber 15

mearid deethbnrdivRiddointe sphep silbbumiles, Bidfore thes irtvest is disposed

Specifically, the insert is preferably set such that

t hiatethie bbllove fibes enémbsanobundieed in the range of
10 to 200 mmfromthe end of the end fixing

pdi002&]- Thenj dge inswgt 39 digpesee). abThe Jasernt it0fesirablpddisposed
nore preferably 40 to 70 nm Wen the insert is

paseari theeshd at thei throagldoledsidensf thegthretighiledles are peovided.
20 like is prevented from adhering to the insert, and

t hEheahserwis disposedinithe hedlow fibenmeembrahg bundle at a position
distributed at the end fixing portion. Furthernore,

i tininer pthate thd | regidratwhere dhetemd efixing hportionethiconnd fixing
position fromthe end fixing region be increased with

t eodicanfomning regien) ispravidedor distancesdftha pesition from
di ameter is 50 to 100 mm the distance is within 25

t Haerrggyen of the end figmpporion panther deteymined baged emthe size

[0027] The nunber _of the insert can be adequately
dedleths ipserbathed diametes, length] zadofilling reted ofithenlpollow fiber

" nermbigacdbundle tente pepntschamd ofherrGictoramSpscifivslly, the
t hi%sgl?trgg Irparrt.l,%erably set such that the end of the insert is positioned in the
range of 10 to 200 mm from the end of the end fixing portion-forming
region, preferably 30 to 100 mm and more preferably 40 to 70 mm.
When the insert is positioned in this range, the casting material or the
like is prevented from adhering to the insert, and the hollow fiber
membranes are more evenly distributed at the end fixing portion.
Furthermore, it is preferable that the (iistance of the insertion position
from the end fixing region be increased with the diameter of the insert.
For example, when the diameter is 50 to 100 mm, the distance is within

the range of 30 to 100 mm and preferably 40 to 70 mm.
[0027] The number of the insert can be adequately determined based on
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filling rate at the interface of the end fixing
portion is 20% or nore and the end fixing portion has
a diameter of 200 nmor |ess, the nunber of 5 the
insert may be one or two. Wien the nmenbrane filling
rate is 20% or nore and the dianeter exceeds 200 mm
the nunber of the insert is preferably in the range

OfthbVW3zé O ff (Bler end/\ﬁﬁangzhgoo}?ﬁm hAAShE! tlehiltahat Blidgs ra¥ at the

or nore and |ess than and the end fi1xing portion
hastefact affghé€endf poition.! eFer éxanplemidierothd Ffembrane

insert may be two or three. When the nenbrane

f ifillinpOrdt@ta¢ the ibérRice®l theedild fdag iptRtion38 20t Aidre and
di anet'er exceeds 200 nm the nunber of the insert is

prthbasmbfixing) pohton dz@en diarhBreeoft 206 inim 6PRHE8] thhanmber of

the nunber of "'the insert is one, the insert is

prthtdnsdit imap e dneoedwas CWisen the hiembenieefilldfg e is 20%
bundl e as possible. When 15 pluralities of inserts

aror aroed artdhthe deenéter @xeepds 2€0ahiry, thepastser of the insert is
uniformy in the circunferential direction of the
mpreferablypim theeramge of twoitodeurs Whehdhe msémbomes filling rate
alineinthe length direction of the nenbrane.

[ 4828%% ‘Memdrbrmcgﬂed;mlthm #0%pandi thedend fikmghglartion has a
fiber nmenbrane 20 bundle, the insert is disposed at

| eliameter o2 Mhadnini o lgssdhei number mfhthe insgromay behtwo or
through-hole side. In addition, a fixing portion at

t Hbred.deWhen theuvnemhranpe tfiling)hateoise §%owy mwore andedess than
by disposing the insert to the end fixing X .
pcdi%eoand dhei dipmetgr mxceeds 200 mm,athe numbers pkithg insert is
portion can al so provide an effect to evenly
diprefereblyein the rasigecof thrpefo 3&c.nenbranes. As a result,

the air aerated fromthe through-holes ascends to the
ud98R8poMhesnths numbercab tha dnsertdisconentheningerh s paeferably
16 advantage that sludge at this portion can be npre
effasitioned yaseglose 40 e cpntzopf the burdle as spossible.  When

desi rably di sposed between the holl ow fiber .
plur tids of Inserts are used, the inserts are preferably disposed

uniformly in the circumferential direction of the membrane bundle, or
the inserts may be positioned in a line in the length direction of the
membrane.

[0029] When through-holes are provided to the hollow fiber membrane
bundle, the insert is disposed at least to the end fixing portion-forming
region at the through-hole side. In addition, a fixing portion at the side
not having the through-holes may be formed by disposing the insert to
the end fixing portion-forming region. In such a case, this fixing
portion can also provide an effect to evenly distribute the hollow fiber
membranes. As a result, the air aerated from the through-holes

ascends to the upper portion of the membrane bundle, which brings an
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menbranes on a casting jig. On this occasion, it is
better to previously set nenbers for formng the end
fixing portion with a casting nmaterial, 5 which is
descri bed bel ow, on the casting jig for inproving the
working efficiency and thereby formng a better end
fixing portion in the hollow fiber nenbrane bundl e.

eSS af thi® Egﬁggf% glagflfé‘iﬂd?é SRR F exfbliated.

the hol lI'ow fi ber =~ nenbr a

t Hoogoh-Tisd ehfs@ftmiﬁlgdeéii‘éblzv; Qigmd Wbtiveehheh&NHolbw fiber

10 the holl ow fi ber nenbra containing the

| naefdbrahes bA StaRing L tOR thiy SHioW)ie$s bettbr RS previously

provi ded. When nenbers such as a lower ring are

diseposexibats forefamsingheiccend ihEpsHionoktth Hickbiifig materi

formed and these nenbers are pre%i ously provided ngth erial,

t hwhicghishdésesibed: beloviy onahe b@hﬁn@?gg“fif@ﬂilﬁ"pf@viﬁgeme working

inserted through these holes. The | engths of the

t refficggndyoared tleerebyofopiniagar bettercéad dhtingtpmtionm tf hollow

or 5 to 20 mmlonger than that of the end fixing

pdibéranembrane burailel. The t hrough- hol es preferably

have an equi val ent dianmeter of 2 to 30 mmand nore

pri&08d hdurtlsernwo2s inmordeh¢o tbrmuthirohghdsoleain rthe hollow fiber

dianeters within this range can uniformy send a

suneinbirane bamdle,t thoough-hole-fonmihg pinstase insertal imehe end of

fi ber menbrane bundle even if suspension solids in

r dhe viee o wa difher ememabrariee bundis .containing thesinsept iadnthe side

the equivalent dianmeter is defined as 4 x

( ¥here thecthronghrhelestwilh henprovided( ciWhent meenlvéral such as a

Iingt h) .. The through-hol es may_ have any shape, for .

elawsrering s digposedcat dbe send iwthetee the: thooughrhgles will be

or. a hexagon, a 25 circle, an ellipse, a sector, a

cirapedrandhthase members are grapiousiy peoyidedewitintiwough-holes,

tgg t hrough- hol es vari es depending on the 17

c %M-&ﬁ)lﬁeﬁn&g tHesaare miserted Yuougbrithese holes. The
iameter . of the_ through-holes and is

eﬂui val ent _di
preagthsatythg; throvgh-hole-fogming pamsare praferaldy the same as or 5
to 20 mm longer than that of the end fixing portion to be formed.

The through-holes preferably have an equiValent diameter of 2 to 30
mm and more preferably 5 to 25 mm. The through-holes having
diameters within this range can uniformly send a sufficient amount of
air bubbles into the hollow fiber membrane bundle even if suspension
solids in raw water adhere near the holes. In this description, the
equivalent diameter is defined as 4 x (cross-section area of channel) /
(circumferential length). The through-holes may have any shape, for
example, a polygon such as a triangle, a quadrangle, or a hexagon, a
circle, an ellipse, a sector, a C-letter shape, or a star shape.

[0032] The number of the through-holes varies depending on the
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nore preferably 5 to 100, and nost preferably 10 to
60. It is desirable to adjust the equival ent dianeter
and the nunber of the through-holes 5 based on the
total opening area of the through-holes, i.e.,
(equi val ent dianeter of through-hole)2 x ir/4 x
(nunber of through-hole), and the anpunt of air to be

I NéroRslseeHon [HE2 A the eﬂﬂijﬁkﬁ]g% P??'ééﬁ &nd the e?uivalergl c%/iameter

t hr ough- hol e-form ng pins, ars are prefera

| neftheathrotigh o189 8nd iy phefepably WithiRthe Pahgeef @Bout 2 to 300,

These 10 résin bars may be oné that is genéerally used

f oot prefergbliyhs t6 MO0) tandl masE Pﬁéfeﬁﬂ)l‘?al(ﬁb 0. Thes desirable
insertion of these resin bars [eads t0 the follow ng

eftoesdjust (He eqdvdlent dvarheherand the aneabeebf the alifdhgh-holes
distributed by finely adjusting the positions where

t Heasetihon ubb- tothle openitigngre of thedthrbeghdsiles,bhes (equivalent
reduci ng the anount of 15 a casting material are

i rdiantetelr oirtﬁnﬁlﬁ%h-ﬂimee)zek atifve (pRehbéod$ thfoudlehole), and the
hol | ow fi ber nenbranes can be kept by disposing the

t ramaght of hi-tbdverintgoguicesl. and the resin bars between

the hollow fiber nenbranes. Consequently, the holl ow

f i [0933lrdmbadditson ato ithe threughthesletfoomingvpiresyt resithiledrs are
is caused by flow generated when the 20 casting

nepref¢rably snperteddni the enide fixihg guorticrefomping aegion. These
bundl e, and thereby the uniformdistribution of the
haesiswbatsumayriberonerthat tngeherallysused foreredicing he ameunt of
result, the uniformty of the nenbrane distrijbution

céh agsting grateriehnt [Thei dpsestion iof theser résin bags leads to the
t hy ough- hol e-f or nd 25 the resin bars in

mng pins a
t Hellondng; ﬁffﬁf,tﬁo(igofhef holow fibgr omemnbranesheanohe evenly
fL@er_ mengrane bundl e. The I engths of the pins and the
r aiptiiiied cdty 18mely deadjuntingl ptheed pesittess) erghere  the
of the r gigo% of ,.the,end fixing, portion and s
prtbr@i%hrﬁyﬂ orrping ping and, the sexjntbass foneedusingtheamount of
t he . . . . o,
a casting material are inserted; and (2) the relative positions of the
hollow fiber membranes can be kept by disposing the
through-hole-forming pins and the resin bars between the hollow fiber
membranes. Consequently, the hollow fiber membranes can be
prevented from movement, which is caused by flow generated when the
casting material is poured into the hollow fiber membrane bundle, and
thereby the uniform distribution of the hollow fiber membranes can be
maintained.
[0034] As a result, the uniformity of the membrane distribution can be
significantly improved by inserting the through-hole-forming pins and
the resin bars in the end fixing portion-forming region of the hollow

fiber membrane bundle. The lengths of the pins and the resin bars can
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end fixing portion and nore preferably 50 to 90% The
dianmeter is preferably 5 to 30 nm The nunber of the
resin bars to be inserted can 5 be deterni ned based on
the length and the dianeter of the hollow fiber

menbr ane bundl e, the dianeters of the resin bars, and
other factors and is preferably 5 to 100. The resin

d| rect Tl 1 he lﬂ‘l];' E:l'lgﬂﬁ ?T%irtglﬁgf%‘iélg%f% end fixing
! Moo aﬁdfﬂs’ﬁ@fé%& n@P%H&QS%%f%%C %fcmeofegaﬁ of the

[ 1ow fiber “10 nenbrane bundle wth or exanpl

cle&id fiXing pértion Iﬁ&%o@é‘?ﬁ‘e{&aby@!ﬁw 9034Ch 'Hse diameter is
casting materlal cups, for formng the end fixing

Posref@ab C?NSttB 30 faal | MThémhfibealofahe rekkrbagtodie if¥erted can

upper and | ower ends of the nenbrane bundle and are

c dsndetepthihed daskd it (RS Ririgth 43l the dldretenjofahedivbllow fiber
hoses. The casting nenbers may be provided via 15

mankattrahbBumiie, therdiantdters 6f tHeeresth dmestand other factors and

exanpl e, nenbers surrounding the end fixing portions,

sushpeefetdtdyuSpes 10(ad dhet tésin bererarei ingerted t:henlgr in the
menbers can be provided as the casting nenbers.
hditaunféreatiahdirbctior dfithe dolkive fiber menibrdne qundle.
external cylinder containing the hollow fiber

nehhemrthe mmdisefixed by aivering tracirenmifercreats thertenlldw fiber
inserting the holl ow fi ber nmenbrane bundl e contai ning

t maenibranetbumdle with, efor eexeahiple;| ¢clotleroraadfilhen Then, casting

setting the casting nenbers The fixing of the ends
ofmhuibersy subkrasmeasting emateryalbeupsy fme%oumng)ytheaend fixing
met hod wherein a casting material is injected in the
erpbréionshwitholl casting mtenah‘mrar@spomﬂ @t theawppess ap lower
the method for |nject the 25 casting materi al

i renldsdef theceemb Ifaugeb ¢ andepneecannecigd fe casting matenigl pots
material, is in by a centrifugal force and a

stwithc um@r:aong%nsemodﬁma oastingi members imay nbe epravided via
is injected by hydraulic head difference or pressure

ofmamhers are (pasts ofha Hlet relement, ordcxampie,nsacmbers

surrounding the end fixing portions, such as the upper head and the
lower ring, or these members can be provided as the casting members.
A hollow fiber membrane filter element including an external cylinder
containing the hollow fiber membrane bundle fixed at the end can be
obtained by inserting the hollow fiber membrane bundle containing the
insert into the external cylinder and then setting the casting members.
The fixing of the ends of hollow fiber membranes may be carried out by
a method wherein a casting material is injected in the end of the hoHow
fiber membrane bundle. Examples of the method for injecting the
casting material include a centrifugal molding method wherein a casting

material is injected by a centrifugal force and a static molding method
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whi ch can conduct uniforminjection between hol | ow
fiber nmenbranes, is therefore nore preferred. In the
case that the fixing portion is 5 formed by the
centrifugal nolding nethod, it is nore preferable that
an insert having an apparent density of 0.1 g/cnB or
| ess be used. An insert having an apparent density of

0. Wwheteinta Qfashﬁganlaﬁermeisem e@teﬁrlgwhymuune Henthdiffehmice or
fixing portion-formng region, t he hol |l ow fi ber

Eﬂﬁﬁoﬁ@p&hﬂﬁ A aofgetiem dilsd rdehtiifgal anblding method,
of the

central area 10 end f|X|ng portion. [0035]

Af whiclb ean @onideet unifoerre ijeciohdedored. holhwew, fibéremembranes,
insert is renoved fromthe holl ow fi ber nenbrane

buisdtleerefdret neorien peefierrede melm shbecasee thath ¢herefikivgngrortion is
the insert nmay adversely affect discharge of sl udge
anfbormedby the seatrifigal imokdingithethatd, abispmore priefigrablsthat an
The insert may be renoved by picking up , t he hol | ow

f i insertrbavingnen apgarba‘ndbnsﬁy ofil0.1 rgfenieor dessbe used.  An
the insert out and then draw ng the |3nsert out, or

di insertvhawinglan apparent ideasity oﬁ Q.4 g/em” exlesplie prmmed from
or heat. Then, the through-hole pins and the resin
baneovarg tawansh thetfixingapertions forning rgaienaandithevhollow fiber
fi ber menbrane bundle. 20 [0036] The jnsert nakes the

homesbringe argeise anere euenly disigbated Jo thewendralrarea of the
centfr of the bundle in the range fromthe portion of
fixsng portioRhe end. As a result, the hol | ow fi ber

ne, are, evenl di stribuyted at the, end fi xing

o[ﬁ?lﬂ y ¥ &X@g ti@c@ﬁ |1f$glh§*rdf%iledwolTbW1f therinsert is
nenbrane b ndle hayi nly distyibut 1 ow

oreRoRtin 9nhtﬂ1%§1ca ﬁheﬁgnpﬁmﬁram Stamtﬂ@ obH{a\ tﬁ@dmsert
by fixing,the end of e hol |l ow f| ber nenbranes IT

t Hhesnaing; between em rpEeSt dhe giserpgnayeapyersely affect

dlch* gr(lgeggf h;?l,léng n bg{lng S ranes cdu be t?gtll(lﬁ processing.
thRY qrhlSBhI% Imay renll'erl]'gogeé] %y plcliﬂﬁlg rﬁpbﬁle hoﬁow fiber membranes
by hands, by pulling the content in the insert out and then drawing the
insert out, or dissolving the insert itself with, for example, water or heat.
Then, the through-hole pins and the resin bars are drawn out by any
means to give a hollow fiber membrane bundle.
[0036] The insert makes the hollow fiber membranes curve moderately
toward the center of the bundle in the range from the portion of the
insert to the end. As a result, the hollow fiber membranes are evenly
distributed at the end fixing portion-forming region. Accordingly, a
hollow fiber membrane bundle having evenly distributed hollow fiber
membranes at the end fixing portion can be obtained by fixing the ends

of the hollow fiber membranes in this state. Furthermore, the state of
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reduci ng the anmount of a casting material in the end

fixing portion-form ng region of the hollow fi ber

menbrane bundle. In 5 addition, the evenness can be

further inproved by finely controlling the

di stribution of the hollow fiber nmenbranes by the way

of insertion. [0037] In the hollow fiber nenbrane

bugdéslyolliseiibegdoMollbe fﬁi&%ﬁeﬁﬂﬁﬁh&@%ﬁn%@@@éﬁl¥ trfegained by

hol | ow fi ber nmenbranes are evenly distributed at the

enthskttingg fopréstamplel éhrdughthdleifopmihg BRRCior f&dihybars for

10 shown as follows: [0038] First, the distributionis

chegchellg i lee iamdnat éfﬁean&:mbﬁﬂge méterial ndnr ahe rerid ofixing

at the cross-section of the end Tixing portion is

wi portiorsformningiregiemoef theahollew ifiber enembrasctbandle. In

perpendi cular to the length direction of the nenbrane

at addi¢iony ¢hé exengesmocan be, furthen itdproved 3y fihebeconbolling the

is divided into segnents with straight lines that are

or distrjbution tod the helbive filezrmembraresbyp the seet o6 msention.

ually divide the dianeter into three, any two

EHEH%Shhaﬂusahananﬁﬁxtihhbn@mantelnmuﬂ@ obtdingdt by the

.5, preferably 0.8 to 1.3, nore preferably 0.9 to

1. 2hoeardeseribedr pragesh) ythel tmllaw 1 fiber2tngrabsmiesTrare evenly

determination process of the nenbrane filling rate

r aflistribatedeat the ende fixing prertion. belihe distribastion s sspesifically

Fig. 6. Fig. 6 shows an exanple of an interface of

t hehownasdollowey: nenbrane bundle at the inner side of

the end fixing portion. First, a center line O passing

t hEOOIR]Fisst, ofhe, iistribiition 48 echaragtesided T etheniher membrane

Iiﬁ .is drawn such that the 25 |jne passes through as .
ﬁutg) Fategationt theectesshsgotion @fitbe esd fixing perben e avithin a

on the interface as, passible. The center lipe. is

eqtrita rangeqi vIhaldis, inoagrese sertian| parpendicular to the length

(perpendi cul ar lines) orthogonal .tQo the center |ine

{ oTHPCHoR Qilhait’cm%@%%@%iaén enendt pegan; vherhdhe cross
I nt < g . . . .

P%section is divided into segments with straight lines that are orthogonal to

eq
se
2

the diameter of the cross section and equally divide the diameter into
three, any two segments have a membrane filling rate ratio of 0.4 to 2.5,
preferably 0.8 to 1.3, more preferably 0.9 to 1.2, and most preferably
1.0to 1.1.

[0039] The determination process of the membrane filling rate ratio of
each segment is described with reference to Fig. 6. Fig. 6 shows an
example of an interface of the hollow fiber membrane bundle at the
inner side of the end fixing portion. First, a center line O passing the
center of this interface is drawn. The center line is drawn such that the
line passes through as many portions of the minimum number of the

membranes on the interface as possible. The center line is equally
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where these perpendicular lines intersect with the
peri phery of the end fixing portion are denoted by
Yl, Z1, Y2, and Z2, and the points where 5 the center
line intersects the periphery of the end fixing
portion are denoted by P1 and P2. A region surrounded
by the periphery of the end fixing portion passing

t idioldddl ih® RBkeY with dites f(@eﬂaﬂdﬂ@liéﬁlaﬁﬂiﬁ@s) dﬂhbg@ﬂalaio the
a segnent A. A region surrounded by Y, Y2, Z1, Z2,

angntéhingaoi dibtdé die efossheecting frtsitheeenSégmentd. i The points
t herebetween is defined 10 as a segnent B. A region
suwhenmﬂmﬁekpmﬁhﬁdiwimphﬁes infertdut with thiel eén‘i hegr bf ¢he end
passi ng through the point P2 and the line Y2-Z2 is
ddixingdpartion amgdemsted. byCH kUL bt ¥@, andd42 odnd Hee points where
sggments A, B, and C are denoted by SA, SB, and SC,

r dhpecritee|line ihterseotstheoperphenydiofithet end Hexing portion are
t hrough- hol es present in each segnent are precluded

f rdemotéd bys Pdband-R&:nt Aoregionasirraunded Gyuthe geniphioey of the
of the hollow fiber nenbranes present in the segnents
Aerg fixing Qortiendpassingl thsough thevpointnBlnnd the line Y1-Z1 is
respectively. Wien a through-hole or a hollow fiber
nelefinadeas peegmenti Ae tAwregion harroundedthy YilhY2aZ4, Z2, and
di vided, proportionally according to the area ratio of

t fiBe egipharieant the iend) fising portioe lymgsthervbebreemagl defined
MC/ SC are nmenbrane fil]ing rates of the respective

ségnaniegmant &.i oAofrepion sumousndeds by| thegpeaipbsrpfofathe end
cdPFBEpBRTAOR opeanE AWGUBR. thenOREBAREd fhe  Hee r¥RZ2 is
TS BrECEMENLs ac (e ad hraanse! HitosommeBts As Borand C
e RThAR by R R BERESCTROARRIY R dhaShobgsponcing
<01t CHBUEPRBLeB PSSRt 4B GaRd SrimEn kG ol from the
? @&g}&%@%@?gmaﬂ Sﬁiez Sﬁﬁé‘ﬁiggm Og?so{)f ItrE:eho(:):u{IOW fiber

membranes present in the segments A, B, and C are denoted by MA,
MB, and MC, respectively. When a through-hole or a hollow fiber
membrane lies astride two of the segments, they are divided
proportionally according to the area ratio of the segments where it lies.
The MA/SA, MB/SB, and MC/SC are membrane filling rates of the
respective segments. A ratio of the membrane filling rates of any two
segments selected from the three segments corresponds to the ratio of
the membrane filling rate between the two segments.

[0040] Next, the distribution is characterized in that the hollow fiber
membranes are disposed approximately parallel to each other at the end

fixing portion of the hollow fiber membrane bundle. That is, when a
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approximately parallel to each other at an angle of O
to 20 to the direction of the central axis,
preferably 0 to 15, and nore preferably 0 5 to 10.
[0041] As described above, in the hollow fiber
menbrane bundl e having a fixed end, appropriate gaps
are securely forned between the hollow fiber

neatosarsestiofitubteinedeby stittitgetienend fhéng porbandesg the central
hardly accunul ate, and al so sl udge and ot her

s udxisEHs ahserdddr90% oomdre dfttheshdllaweibeamdiebeass|are fixed
exfoliated by, for exanple, backwashing. Exanples

[ czppoxEvatelye pardllelhto eack eother nateani amglei bf ®ao 20° to the
descri bed bel ow, but the present invention is not

| | areetdon iedr the ccented 46dis, refetably 0Lt ASPj andmetecpreferably 0
i ncludi ng a holl ow fi ber nenbrane bundl e, which had
artoehe’.f i xed usi ng a foamed pol yethyl ene cylindri cal

| 11 As arerbedyabavii iy Die helebu fbey cnegiimane bundle
oiring, b fbte eod, SBprepriAle E8pAte secumhyitnrmedsberween the
N ThetashemhraResan THGpeIcen: SIAge L3nd! othepssabstances
¢ erghe Sceymtilfse And ajis spidze B pawr eitephraieS asthgrie o the
oTEBE e Fan HeFasty SHpHaAL Dy, ByFamamle; bagkbiesing.
rdSHBIES an the vl ume A was cal cul ated 11 om & ne
TODART NI obdhs Pueuiny. invrution WAL he éescrihed below, but
R 3R Ry RhISh S b T iNES dibdye 21V cal cul ated.
[0043] Example 1
A filter element including a hollow fiber membrane bundle, which had
an end fixed using a foamed polyethylene cylindrical insert by
centrifugal molding, was produced. The insert was formed by winding
a foamed polyethylene sheet having a thickness of 1 mm so as to have
an outer diameter of 75 mm and an entire length of 800 mm. The
weight and the volume of the insert were measured to determine an
apparent density of 0.04 g/ cm’.
[0044] The volume of the insert was measured as follows: the insert
was put in a polyethylene bag of 50 um and was immersed in water
such that air trap was not formed in the bag. The buoyant force when
the insert was completely immersed in the water was measured, and the

volume A was calculated from the measured buoyant force and the
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the insert was determ ned by subtracting the volunme B
fromthe volume A 5 [0045] A filter el enent
i ncluding a hollow fiber nenbrane bundl e, which has
an end fixed using the above-described insert as
foll ows, was produced. Fig. 3 is a conceptual diagram
illustrating a nethod of formng a fixing portion.

[ u r % e
e SRy WK YBIETES of the

M EhRiResed PotyEhglerf bQ%(]ewHk s%ifgﬂ talduparede” Te Yofume of

mm and an® i‘nnef dianeter of O. A menber that

vethelingert Was detdrittinad Hioshvadtike theoBRiARS Fu! thet wlume
forma filter elenent included an” upper head 2 having

anAl nner dianeter of 155 nm and a height of 70 nmm and
a lower ring 3 having an inner dianeter of 140 nmm and

a [0D434i Ahtfiltsr 8Rmentt hesludkige « dvlRsy efibed theinbpane bundle,
pi pes (not shown) having a dianmeter of 13 mmand a

| ewbidh hhs a6&hdrfixe@using tls¢ dbovéalescaibettinsen perfolieosds, was

2, a casting material cup 2' having an inner dianeter

of protinceth arKiga hdkght corceptuatimdisgraimtiiustttdg dhmethod of
| ower ring had a height of 88 nmmand had segnents for

f diorimipgaa Bxihg portign.20 Hallowofibey rdeinbrahes giselewere 3300
inside of the lower ring in the direction

pep@lyvinylidene t fuotidehengrofiltration i membrandsei gith ohaving a
3 mMmwith a partition plate having 24 through-hol es

wi micropdire rdinnreterd of 10.dmum,[ &9 46jteCaismetert o6da?2 mm, and an
menbers for the filter element were set on a casti ng .

j iignerrdiameter rof O mml udednentherdthatr wasi usedy for fixing a
portion at the 25 center for receiving a hollow fiber
neallewe fiben anenzhrana abundlea to @mam%la‘odsmﬁt inpluded an
and a length of 1800 nmm a head-fixing portion 24 for

f iyppar head dphayingean innex diarsetardof aga ram jangl aibgight of 70
portion for_ fixing the lower ring 3 at the other end.
THamp #il @ teswer ving) Jpbaving an inner diameter of 140 mm and a

height of 88 mm that were connected with two pipes (not shown)
having a diameter of 13 mm and a length of 2080 mm. On one side
face of the upper head 2, a casting material cup 2' having an inner
diameter of 140 mm and a height of 40 mm was integrated. The lower
ring had a height of 88 mm and had segments for forming an end fixing
portion by delimiting the inside of the lower ring in the direction
perpendicular to the height direction at a height of 38 mm with a
partition plate having 24 through-holes with a diameter of 11 mm.

[0046] Constructional members for the filter element were set on a
casting jig. The casting jig included a bundle-receiving portion at the
center for receiving a hollow fiber membrane bundle and having a

U-shaped cross section and a length of 1800 mm, a head-fixing portion
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t he head-fixing portion, and the ring-fixing portion
were integrated with a base plate. 5 [0047] First,
the holl ow portions of the hollow fiber nmenbranes were
occluded by 5 nmfromthe ends of the hollow fiber
menbranes adjacent the upper head 2, and then the
menbranes were divided into unbound three bunches

eFpp fi k“ﬂ{é‘%gfaép%mrétngﬁs %gc\f;hmﬁ’d‘récgpgg@%iex}g portion for

i nserted™i nto porous pl at ing a

1Efg(jﬂ'g1tﬁgq t DolRSotl di _ gmg :
and tHe popg%sr I?Jhlﬁg?e 9 vvagmghién?h t ebg‘%ggr ea{d .portxon,
[ 984 Bkadlfking p6rtis,! fl’iebﬁg 0f i %réiiﬂ'eg%sﬁ i
into two bur%:ﬁes ea’caﬁw% ncl u gngﬂﬁfm%ranes ta t gwﬂh
|%V‘19.a[sef]51a93. One of the bunches was horizontally set
inthelower ring 3, and then the insert 10 15 was

g :[gmg]eqrim, the Hollesh -&:cﬁ?ﬂohbi@f fRChslIoW fiber seMbrafies were

the insert 10 was di sposed such that an end

ofoccheldd48f t5 Wasn | 86t alleabnds GPThé | ROIIGR TBePMidmbranes
fromthe end of the lower ring 3 toward the inner

siadfaceinttthe Wyspdrokedd Dranmethurades hvdidbeardes Weed divited into

ot her hollow 'fiber menbrane bunch was placed thereon,
amhbone dniiree biunches c2¢hnechidings 180 enevbrines)i sBask bunch

around the insert such that the insert 10 was not

diwar insertedpirsteda tysoros slate 9 havirphandiahisteenfs150 mm and
the lower ring side of the hollow fiber nmenbranes
wehreepholes iwithe diameeter wif i nifny ahé the peroas phdteihwias put in
Fig. 3, 24 through-hole-formng pins 8 each having a
ditberapper head2.nm a length of 70 nm and having a

di sk 25 of 15 nm dianeter at one end, were inserted in

t 18043] e i thee hoktaby dilerbmeinbranesugbre hdivided into two

through- holes (partially shown) provided 25 to the

| buaches egeh theluding embranes af the beweering. One of the

inserted one-by-one fromthe |ower side to the upper

sibyaches was hotizontallybeet in the lower ring 3, and then the insert 10
was disposed on the bunch. On this occasion, as shown in Fig. 3, the
insert 10 was disposed such that an end of the insert was located at a
position 50 mm apart from the end of the lower ring 3 toward the inner
side of the hollow fiber membrane bundle 1. Then, the other hollow
fiber membrane bunch was placed thereon, and the hollow fiber
membranes were evenly disposed around the insert such that the insert
10 was not directly exposed to the exterior. Then, the ends at the
lower ring side of the hollow fiber membranes were put in the lower
ring. Furthermore, as shown in Fig. 3, 24 through-hole-forming pins 8,
each having a diameter of 11 mm, a length of 70 mm, and having a disk
of 15 mm diameter at one end, were inserted in the hollow fiber

membrane bundle through the through-holes (partially shown) provided
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menbr ane bundl e horizontal ly di sposed. [0049] Then,

the holl ow fiber nenbrane bundle set to the upper head

2 5 and the lower ring 3 was fixed to the casting jig
(not shown). On this occasion, the circunference of

the holl ow fi ber nenbranes surrounding the insert was
covered with cloth, and the hollow fiber nenbrane

byhdhse Rsyvdrd to gkl b i ap@%t rs

thaigs cloth. Thi s capgftiisng th \j\q/-é%llegfe-:dtfh]%ga cent‘r’vig cﬁglé}serted
MRNRLINELIC Fronfl the SIHWED sidtOtd 98 Qilgg%?%iaeqn £hbflb

pots 611% pl aced on the centri%uga‘? I di ng rang{, tﬁeW fiber

C aémban@bahiR héHPortalRf dispesepprer head 2, and the
lower ring 3 were conneCted wth injecting hoses 12.

| 'EOOJP%] Jein, MHe MR1RW Hberdhémblane dumdié déetcPthe l‘i‘gper head 2
Then, the

[ i'qui d urethane resin conponent was fed.

c ahtirtheUgwer®hgi Novasafikedas th@to%%ﬁﬁggi% gnbﬁéﬁoﬁh).ﬂﬁn this
rpmto apply a 15 centrifugal force 0 Gto the end

f iostagionptlie oirchaiferdire efitlholléht BbePthethbrims. surf®unding
rotati on was stopped, and the casting jig was

ditlserinser dwasosoverede avithi flotla) and dierchaldok. fibee membrane
casting jig was separated at the connection of the

c buhidbey wat éideal tee the lasting fipewithna dwslt @vehcthes shath.  This
t he connection of the injection hose and the | ower 20

r casfingig wakIsettd alwentrifirgal anelding dhek (ast skawn)l at

50C for 24 hours in a desiccator. Then, openings were
mpd@5 0h Gastingamiateridli pets 1 Inplimednars they centrifiugg! nialding rack,
menbranes at the boundary of the casting material cup
2thewasting matenialheupl 2. of s uppEhdreadt Be ahdl thewmswver ring 3
unfastened to detach the hollow fiber 25 menbrane
bweteecenmected wishpopesting dosesd 2.i | e thelcasting, matetial pots
the cloth coveri nq_ the whol e hol | ow fi ber menbranes

wdd, aemixede afevo liqidturethaneeresinrcarhponeit wasffieder Then,
menbr ane_bundl e 1 was renpved by _pi cking u? t he
hihe eentrifvgel meolding sack wasaratatedratea rate of 177 rpm to apply a

centrifugal force of 35 G to the end fixing portion-forming region.

After 90 minutes, the rotation was stopped, and the casting jig was
dismounted from the centrifugal molding rack. The casting jig was
separated at the connection of the casting material cup 2' and the
injection hose and the connection of the injection hose and the lower
ring, and hollow fiber membrane bundle was heated at 50°C for 24
hours in a desiccator. Then, openings were made in the hollow fiber
membranes by cutting the membranes at the boundary of the casting
material cup 2' and the upper head 2.

{0051} Then, the belt was unfastened to detach the hollow fiber
membrane bundle and the components of the filter element, and the

cloth covering the whole hollow fiber membranes was removed. Then,
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t hrough-hole-formng pins 8 in the lower ring were

drawn out. In the fixing portion 5 at the | ower ring,

t hrough-hol es 6 having a dianeter of 5 11 mm were

formed. [0052] As a result, a filter elenent having

two ends fixed with a casting material and including—————
hol | ow fi ber menbrane bundle in which the

Ci fygu [%sgegfé ri_ge’glﬁgilpglg:@v bt &y ?H%%g?%‘i@ Buntfid 1 owfag %e%%ved by

upper I"ower f respective

3 . f ' I fi '
ggélt% I 0 be"tﬁa:etﬁgt ﬁgb}lﬁt&’er %ﬂgéﬂ; gée@#ga%%d Ifﬂl);)ur %‘fgahﬂg. The
R A _ h ) L
ParrbaEh-hab-foping PIAS ST TSRO Firk Wert Wit gut, | In the
arﬁﬂiﬂgg?o&f’oﬂ@’ atthe W fif T fhreeiohUEORE @ Ralild A Wameter of

rate the end fixing portion of the |ower ring was

5 2424 mi0R8te farneddll observation of the holl ow fi ber

menbr ane bundle 15 confirned no defect in the_ hol | ow
f i [0052TeAbrarealtahtfitert é‘l@nﬁ&rﬁVha\ﬁngQWo énd$ figedngithta casting

In addition, no trace of the insert dented in the end

f i mategigloahd oihchadingohotlow 0Fbél membrahe buridleein which the

menbrane filter elenent was i mmersed in water and

aeatiedierd ferencbgoftthe buth diridsowere fixiedetomdrebuppeshest 2 and the
20 observed. First, the hollow fi ber nenbrane filter

el lewesrt r'm?sBJ titelyerwias aibtyided. a Therdffeotare lémtk of the
with a volune of 8 n8. Fig. 5 shows a relation

10 beffi ltestion pertion betweére theninterfiicps pifithe £ad fadngtpantion 4 at the
That is, an aeration gas inlet tube 17 with a di aneter

ofupperrheassamd the dnd fixing! prartiom Hatthe ladet oing wiasi2()0 mm,
aeration gas upward is dizsposed at a 25 position 20 cm
bethevmembrane area wag 2Hm 1, amdsa dolldve fllerenembranedilling rate
approximately in the center of the fixi ng portion 5 at
t tag thewmd fiking portiorpaf thizllawenring was @4%.0! | ect i ng
cap 19 for connecting a filtered water piping was
atﬁ)ﬁéﬁécﬁlwﬁlheohmatmnaof the hallew chibéranempranp bundle
19 was
15 confirmed no defect in the hollow fiber membranes after the drawing
out of the insert. In addition, no trace of the insert dented in the end
fixing portion was found.
[0054] The hollow fiber membrane filter element was immersed in
water and aerated so that the conditions of the membranes were
20 observed. First, the hollow fiber membrane filter element was
immersed vertically in a transparent tank with a volume of 8 m’. Fig.
5 shows a relation between the filter element and piping for aeration.
That is, an aeration gas inlet tube 17 with a diameter of 2 ¢cm was placed
such that a nozzle 18 for jetting aeration gas upward is disposed at a
25 position 20 cm below the end fixing portion 5 at the lower ring and

approximately in the center of the fixing portion 5 at the lower ring. In
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connected to the filtered water piping (not shown) and

was fixed to the tank. 5 [0055] Suction filtration

was conducted using a suction punp connected to the
filtered water piping at a menbrane filtration flux of

0.6 nB/ n2 nmenbrane area/day, while air is fed fromthe
aeration gas inlet tube 17 at a rate of 6 NnB/hr. The

f v,

d.ﬁgéﬁgéa b RefaE 1?%&%%# 10 £ 8 ERRR el Wer piping

i'ng po
400", B i, i UPfe RSB 19 was
tﬁ&ﬁéﬁeéﬁ O S A S

w fiber nmenbrane filter el ement was |rmersed |n
an activated-sludge tank so that a filtration test was

Cg))@SfESuéﬁoﬁUtﬁltH[ﬂtﬁ{‘ Ve evsh&ictidYividn, n aaV§ﬁét§1§n pump
of 150 ng/L and an SS | evel of /'L was

ugeHnactedN® fiRVRIREEd Warer ?‘1& ingaed ﬁie'iﬂsﬁne ﬁ!ﬁéﬁ@x@ flux of
filtration was conducted u g a suction punp at a

fﬁ’&ﬁ}fﬁl fndrhb?érieoﬁréd/ﬁ%y,ofvfﬁleﬁ affBigfedditnmatlte acration gas

areal/ day, while air was from the aeration gas

i fhlet thbdd 717t atrate OELE Nlhsﬁerngﬂi& fedait Rilscatat aathrhollow

20 the transnenbrane pressure was -15 to -20 kPa and

Withes trbbrane withewt dissipdiion heantehend fiiagtssitior Seat the
average M.SS | evel of the activated-sludge tank was
109@6r ndhp, aadd mibeedviy abe @F]]Jeer portien ovéistlibGollow fiber
[0057] After the filtration, wei ght of sl udge and

f arernbramebandie eslt ¥asactirmed tthat tee lait soffidiehtly agitated
menbranes was 3.2 kg. The wei ght of sludge and

f theiratessirsoanding theshalbdwr fiberenhemybramesr act i ng t he

wei ght 28 of the wet hollow fiber nenbrane filter

e(@0&6} Fuethermarbe this todkdwonfibes tmefmbrene hfilteetelement was
wei ght of the hollow fiber nmenbrane filter el enent
aimenersed in an activated-sludge tank so that a filtration test was carried

out. Urban wastewater having an average BOD level of 150 mg/LL and
an SS level of 160 mg/L was used as the raw water for activated sludge.
Suction filtration was conducted using a suction pump at a membrane
filtration flux of 0.6 m’/m® membrane area/day, while air was fed from
the aeration gas inlet tube 17 at a rate of 6 Nm’/hr. On this occasion,
the transmembrane pressure was -15 to -20 kPa and was stable for three
months.  Throughout the test, the average MLSS level of the
activated-sludge tank was 10000 mg/L, and the average temperature
was 25°C,

[0057] After the filtration, the weight of sludge and foreign substances
adhering to the hollow fiber membranes was 3.2 kg. The weight of

sludge and foreign substances was determined by subtracting the weight
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the filtration test. [0058] Furthernore, the cross
section of the end fixing portion of the 5 holl ow

fi ber menbrane bundl e was observed as follows: First,
the end fixing portion 4 of the hollow fiber nenbrane
bundl e at the upper head was equally cut into four in
the axis direction and was observed the casting

e saveP haRY BFt Akt ler Shimeabefrahe Hfration test
< drpirb e e v Blah8 T e RS, e ReBiupil Fifer plcment after
hq&éﬁwﬁaﬁ ?lrtg nbranes and a colum were cut near the

the | ower ring was dravvn out. The free

e10s8] HilheriSble e d%5s WEHEANSP ofd ¥R, ARiAd BokdRTof the

rimg rermve

gﬁ#ﬂd@%ﬁ&“ meh‘ié“BMg&l’é Wageélgé?@%’& %Qefbll(ﬁ?ré hFu?f‘ %he end

I'XI'ng portion was o serve a positiona

f ﬁ) nl’lgirﬂgﬁggﬁ V\%{Sé q’\l/?ll ual Iggfler veagfé dbwe%l tk1%\%1-" per head
:nah'{,ngéJ %ﬁgﬁﬁg@ ’ﬂ\l@{l e?ﬁnoec?g i e&ijg%dﬁw%f qwgwhgf PP§érved the
{1 Sling! HW?%%’“‘F%W&E‘S 1ok PiBer pRimbiihes in the end

arfan Pﬁloﬁf 4t bE BaH QWobé DRIctigTOr THES c§§ m%hﬁlaterial was

interfa f the end fixing portion at the r ring

wasbsebed e dll crbks §éct1c§1’ise ahﬂ%@d&ﬂé‘c@ s fdlﬁu?nd fixing

portion at the side wheré the hollow fiber menbranes

0[{005% sThd1nt ther ko6 fibbi menbrawsognd a‘eshenhavesdcut near

to appr oxi mately two tines, and the fixed regi on was

25hdilvieeding)tand ﬁieebwagﬂﬁgtwwar@keﬁmtbedm@w endieof the

proportion of the nenbrane filling rate in each

ko S usixfatfon o o, 4, e i o
t retngpash edmd theodigtribution Wf the ldllow fiber membranes in the end
fixing portion was observed. First, a positional relation between the
through-holes and the hollow fiber membranes was visually observed.
All of the through-holes 6 were present inside the hollow fiber
membrane bundle. Furthermore, the ends of the hollow fiber
membranes were present between all of the through-holes 6.

{0060] Furthermore, the arrangement of the hollow fiber membranes at
the interface of the end fixing portion at the lower ring was observed.
First, the whole face of the end fixing portion at the side where the
hollow fiber membranes open was photographed. This photograph
was enlarged to approximately two times, and the fixed region was

divided into three segments as described below. The proportion of the

membrane filling rate in each segment was calculated. Fig. 6 is an
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the lower ring fixing portion placed at the | ower side
when the centrifugal nolding was carried out and
passes through the center 0 of 5 the Iower ring. The
poi nt that the center line intersected the periphery
of the lower ring fixing portion was defined as a
poi nt P2. A line was drawn that passed through the

D ariIAR oY STEVERE heteoh er 1 i he. The poi nts at whi ch
AL A A Ak o
Ldpverenber foifs paridpticBt! ahofte, JBR3H fids, when the
i licolinc oy SRR Fd s BoBRA o b O ot
g 2'2?%%?@3&%5 he: ﬂ@e\é@éﬁf}*‘%ﬂ{%&?@% S trPsRIcE the periphery
:JaSSI ng t rouggf@#igtp@ rdé%éd ?}Is%gptﬁ’i%ﬁpg?nméslme was
per| gﬁgry &?as?ﬁ&l{ﬁmweéh ri nBSg* )?Qn;%o n%%%e&omt Pl
PR B S Balht I DTS 4 i

S j dnby f e
SOPTBRhdfRuld: 15 AvcHECol e DBIPhER; R 1 P rihgfixing

gp(ﬁ‘ﬁﬂ)nt RWerk! 6notéd- 49 gfﬁﬁtsdqfl' @&ﬂ 2?1 a ACHRBMwva§ driéh that

| cul ated areas of th segnents A, B, and C were

giraised tBYO\%x th8, pc'?iﬁﬁI vy ﬁﬁﬁe&garteﬂmsm the ?cﬁﬁtePQ and was

correspondln to the th ugh hol present in each

s gsErpRhdiciRaetPRCEaHBH 1ihEO mM@Paﬁﬁy at WHith ahR‘b&@pefdicular

area. The counted 25 nunbers of the hollow fiber

ek ﬁﬁﬁ@rs@étéﬂeﬂie lﬁe Weamﬁé Slo%eﬁm%hfﬁklﬁg\/\@bﬂmn were

denoted by MA, MB, respectively en a

aughitemists i g1 gt o it phy o
aaherldwer tiagtfiging portici ipassing through the point P1 and the line
Y1-Z1 was defined as a segment A. A region surrounded by the
periphery of the lower ring fixing portion Y1-Y2, the periphery of the
lower ring fixing portion Z1-Z2, the line Y1-Z1, and the line Y2-Z2 was
defined as a segment B. A region surrounded by the periphery of the
lower ring fixing portion passing through the point P2 and the line
Y2-7Z2 was defined as a segment C. The calculated areas of the
segments A, B, and C were denoted by SA, SB, and SC, respectively.
The areas corresponding to the through-holes present in each segment
were precluded from the above-mentioned each area. The counted

numbers of the hollow fiber membranes present in the segments A, B,

and C were denoted by MA, MB, and MC, respectively. When a
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of the segnents where it lay. The nenbrane filling
rate ratios, [FAJFB] and [FA/FC], of the segnents A,
B, and C were calculated by 5 the follow ng
expressions: [0062] [FAFB] = (MANSA) / (MB/ SB), and
[FAFC = (MWSA) / (MJSC). [FAFB] was 1.0, and
[FAFC] was 1.1. [0063] Then, the end fixing portion

e o o R A, AehiRle 19 TBHAE g of e
s S it BROo R b B3nRE S et B rtio
COEhE! s GpSRRD AR i g b, 1%, bl racos,
orlGASIER] B8 TEAIRCIT R IR sBBmeniS Ry 2B o ftfed by
e PR et IhhE 2 oyl nr i cal' shape having an

o TRl R AL O VRIS B et o1 of 70

A ECPRINMISAY SRt vas 0/02" gl cnB. The
?M % sli.byaﬂ@ﬁ;%eﬂg%g%g.las in Exanple 1 except

ure’ was “neasu y'directly i mersing the
in [ t i f
[ OOBEPT Ty e ot FAMG phEiofl P ot e S0 e ol ow fiber
b B , e , .
AR DRI AL Lo ook @R i ki oss sction

d r@g@ IBErF ™M NiethPdradidt dtanof® BFRE oM fitfer Mémbranes
by deflating t

he 1nSert tor reducing the vol une and

et Sttt el satoters: h W0 910 o
the direction of the central axis.
[0064] Example 2
A filter element having hollow fiber membrane bundle was produced by
centrifugal molding using a commercially available rubber balloon
inflated with air as an insert. The insert had a cylindrical shape having
an outer diameter of 70 mm, a total length of 800 mm, and a
hemispherical shape with an outer diameter of 70 mm at the opposite
side of the sealing portion. The apparent density of the insert was 0.02
g/cm®. The apparent density was determined as in Example 1 except
that the volume was measured by directly immersing the insert in water
without use of a polyethylene bag.
[0065] A filter element having hollow fiber membrane bundle was

produced as in Example 1 using this insert. The insert could be

significantly easily drawn out from the hollow fiber membrane bundIes
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defect in the hollow fiber nenbranes after the draw ng
out of the insert. 1In addition, no trace of the
insert dented in the end fixing portion was 5 found.
[0066] Then, the resulting filter el ement was aerated
in water as in Exanple 1, and the conditions of the
nenbranes were observed. The fed air vibrated each

LR R 0 R o il o
MR AT
A5 5O R e B0 e BIRGE S e nsrt
M b i AL R gorin v

Lﬂ,g%portl on 4 at the upper head was equally cut
ur in the axis direction and was observed the

caﬁc%od@e@‘ﬁlaﬁr L 1BRERETY fﬂ?érwg A&%&g&gg& Cwater as in

é "en ing po cross

or Bebfible, 1 Mo B LRI selog “?%%2{8*6‘%8*?8%%?@‘1 The

Thgéli aﬁsvm}‘a@iﬁ@&ﬁ wlévvefﬂ@s hd bk vﬁméﬂedﬁgiﬂzﬁi’&n near

ranes e en I X1 ng pOI‘tI on was

0 R ¥id afiE ortiPpR@thle RAr ring ald AbVAE HPAR bpfer portion
Vi 8‘:"%& mﬁﬁﬁ?;ﬂtﬁﬁr rnfé]ﬁglbréné ?sﬁgﬁ'[é ouphwR! EsnforiiBd Gthat the air

present i1nsid er nmenbrane bundl e.

FUELITRI BRI a réiﬁﬁe& RHS Whtel rb%rﬁiﬁrlklﬁ g the hol6éw fiber membrane

menbr anes e present between a he through-hol es
6. b{;A8RY] Then, as in Exanple 1, the end fixing
portion was divided into 32 three segnents, and the

Pr P00} Plrt@krioee, HECEARS dddtidn6f the erd ﬁS@ﬁF%portion of the
segment” was cal cullated. [ FA/FB] wasl.1, and | FC

wahdllBw fiber membrane bundle was observed as follows: First, the end

fixing portion 4 at the upper head was equally cut into four in the axis
direction and was observed the casting material present between the
hollow fiber membranes in the end fixing portion 4 of each cross section.
The casting material was observed in all cross sections, and no defect
was found.

[0068] Then, as in Example 1, the distribution of the hollow fiber
membranes in the end fixing portion was observed. First, a positional
relation between the through-holes and the hollow fiber membranes was
visually observed. All of the through-holes 6 were present inside the
hollow fiber membrane bundle. Furthermore, the ends of the hollow
fiber membranes were present between all the through-holes 6.

[0069] Then, as in Example 1, the end fixing portion was divided into

32



10

15

20

25

[0070] Then, the end fixing portion at the |ower ring
of the hollow fiber nenbrane bundle was cut al ong the
central axis, and the interface was 5 observed. N nety
per cent or nore of the hollow fiber nenbranes were
fixed approximately parallel to each other at an angle
of O to 10 to the direction of the central axis.

B g L e
et Vs calttlssed. THRATRBISTALLY SR ERF L Fas 17
oD i RS S8 PR ST o 58 B B e
R T N A e R
" SbeRsr B o8k st A B oF b6 b b, membranes
oSfe xR AT o Sl e AR a8 F 6% 107 o
C&PW% ée@)[ altaE\'(fs.V(’l umre was neasured by

ditectly r'srng eéinsert in water w thout use of

gﬁgag%ﬁ;ﬂ%%g@?ne bag. [0073] This insert was used,

one or a hollow fiber nenbrane filter

| W T1 D !
_‘le_ﬁ? TR tefent vl Bofdw gtB@r 1(1:'1?1 t Eﬁaﬂ T @IPves i}é‘gc&uced by

e’casting |1 g was” erected su at the upper
Sitigs4 BBly iR rfc@Striseet HRRE AshaPsiidwn i
}Aﬁé&tﬁ‘g@laﬁ’&g S gglnecglegﬁg% to tsﬁg castan ape° i
hy: rH rgﬁ pot 11 with an injection hose. In the casting
mat er pot 11, a mixture of two liquid urethane

r §90T2TF TRODRRt VAS s}%%eﬁeﬁ‘onir Bgoel?&gﬁylfﬁﬂbﬁd@ %If'#é ®aving a

Cu'y

s injected I n the upper head m nut es

?m'g@ of% hfif, 438 leabRifate 3raPelosdd tviidveansd opefling. The
insert had an end having a circular cross-section with an outer diameter
of 20 mm and a cylindrical portion having an outer diameter of 75 mm
and a length of 700 mm. The entire length of the insert was 800 mm.
The apparent density of the insert was 0.35 g/cm’. The apparent
density was determined as in Example 1 except that the volume was
measured by directly immersing the insert in water without use of a
polyethylene bag.

[0073] This insert was used, and components for a hollow fiber
membrane filter element were set on a casting jig as in Example 1.
The casting jig was erected such that the upper head was located
downside, and the casting material cup of the upper head was connected

to the casting material pot 11 with an injection hose. In the casting

material pot 11, a mixture of two liquid urethane resin component was
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left for 120 mnutes. After that, as in Exanple 1, a
filter element having hollow fiber nenbrane bundle
with a fixed end was produced. 5 [0074] Then, the
whol e, including the casting jig, was inverted, and
the lower ring side was bonded. The casting materi al
pot and the lower ring were connected with an

L TR RS MR S B af v
S S BE CalSalBEalRUe E g e was
D16k, far 1 28 SiniecherARgE hahas df E33aTe, fra” 518 alpment
o etk nBHRY KRk A hetichiRde sy R AR GRS produced

AP TAT T, e 0l ik the BHE cBiiee W ibvatibd. sad the
FISEE B i WS bbBHed, i Ghoclhi natepBl Bl add ¥e lower
B B 0 U e o
g LB PN R SRl SRy B Then
B e S AT Bioctbd e é%%%?%a%ﬁ%—%‘?ﬂ%ﬂfe&wn of
SR NoRRT A Bver 3 PaiBte0F prestin AR e pad Mhakirhopot 11

m@ﬂ*ﬂ'iaﬁeaﬂwﬂi’éd? Je RTRR1200masuteg! | ows: 25 [0078]

First, the en i Xing portion 4 at the upper head of

t Yo07S] ICutefilll RYseFPAIRSRNGF MBI IRINAR HHeR' berfBfaric Blndle

ur i the axis direction 34 and was observed the

CedhfitthdiPh8r défec iR AR hIESWEABet Mfei®rh hftBfithe drawing
menbranes in the end fixing portion 4 of each cross

sott igfnthel fhsertc" dmSaddition, no trace of the insert dented in the end

fixing portion was found.

[0076] Then, the resulting filter element was aerated in water as in
Example 1, and the conditions of the membranes were observed. The
fed air vibrated each hollow fiber membrane without dissipation near
the end fixing portion at the lower ring and moved to the upper portion
of the hollow fiber membrane bundle. It was confirmed that the air
sufficiently agitated the water surrounding the hollow fiber membrane
bundle.

[0077] Furthermore, the cross section of the end fixing portion of the
hollow fiber membrane bundle was observed as follows:

[0078] First, the end fixing portion 4 at the upper head of the hollow

fiber membrane bundle was equally cut into four in the axis direction
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section of the filter elenent at the inner side, two
defect portions of not having the casting nateri al
wer e observed in hollow fiber nenbrane 5 sub-bundl es,
but the casting material was present in other portions
and no defects was observed. [0079] Then, as in
Exanple 1, the distribution of the hollow fiber

i on maiﬁobserv

653{ anes‘ﬁ?@}"%‘?h #Eqngasﬁ i:};(él?r?q;“rl present een tﬁe hollow fiber
PRERRE EEtnd ﬁ%mé%a'o?%ﬁl SeaM RrseestinBy o In a cross
[???ﬁ@lﬁ st k"8l ey Ve er 3 ra”eﬁeﬁs?«m&egs of not
ThiaR R B8 aste Reliedal 1l S IGYAd, i bORaw. fioer embrane
f’%%f‘i"@ﬁ 85, bl 1 BAR i InEeRE érvé‘-’?@*?%aﬁﬁl it phidfons and

C QAPER g]?t% | ow fiber nmenbrane filter el enent
wer e se? ongca (#gjlg was defined as a point P1,

SI00YE THRAEPAL OB\ MABLAREIKI N 1R Syl er

L .
”?élﬁfl%ﬁebétwwneth\é’?ﬁgg%%l} yggé@ mﬁﬂ thlé T ?nexﬁﬁ‘f‘anes was

the interface wa y per cent or

ohidlyhebkareldl beAHe‘?Ft R g ggf%@leﬁ' & Shere present inside the

approxi'mately parall er at an

t Bollow Tildiemini fahie Busdlet hq"lﬁfﬂéﬁﬁ‘b%é“ffl : r#cﬁgéfz]the hollow

Exanple 4 25 A filter elenment having
METHRE ANEMb AR SWRS g?ééé@'ﬁé BRewE¥n allﬁhe%fﬁﬁ%t}] $olds 6.

nmol di ng using an inSert having a shape sho In FIg.

35008 %TH&Q&E}: fikingd Fefibh Was dvided ihfP®ie segments as in

pol yet'hyl ene plate havinhg a
Example 1 except that a point of the lower ring-fixing portion at the

lower side when components of the hollow fiber membrane filter
element were set on a casting jig was defined as a point P1, and the
proportion of the membrane filling rate in each segment was calculated.
[FA/FB] was 1.1, and [FA/FC] was 1.1.

[0081] Furthermore, the end fixing portion at the lower ring of the
hollow fiber membrane bundle was cut along the central axis, and the
interface was observed. Ninety per cent or more of the hollow fiber
membranes were fixed approximately parallel to each other at an angle
of 0 to 10° to the direction of the central axis.

[0082] Example 4

A filter element having hollow fiber membrane bundle was produced by

the centrifugal molding using an insert having a shape shown in Fig.
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thickness of 2 nmto the sanme shape as that of the
insert in Exanple 3. The apparent density of the
insert was 0.10 g/cnB. The apparent 5 density was
determined as in Exanple 1 except that the vol une was
measured by directly inmersing the insert in water
W t hout use of a polyethylene bag. [0084] A filter
elgggnt havi ng hol | ow fi ber nenbrane bundl e was

ced as in Exanple 1 using this insert, and mas

pr
evquﬁm it “%wg%%éﬁr By s Baving 2
| nser1?f§ genﬁ%ﬁ“ﬁh&#m é?l‘ﬁ‘f e msg'i‘a?qf 339?%@@5%5@@& 3.
P aEbARRL et T, 1 hﬁ%“ﬁ;%%%oﬁe'sd ety o The "shparent

% A G 1 ol T Eg0% il e e ves
el & el e P el of o

a},d,l 1 é nmbrane without dissipation near t he
I XI ng po |on at the lower ring and noved to the

I
LooBROA: Kdter Plermicift HAVIAY HAIRRY, BBEPIARMIMAG Byntife was
et P R T . T
cawhs e @ééuﬁénb@to?%ﬁb tn thd 'Tﬁ)lfd\ﬁ'ﬁlg&ﬂeglﬁﬁﬁaﬁlpgeaﬁer the

pressure was - Pa and was sta

mairabaAng Afitesf tHY Bisef N RS adfitfonah tgﬁst “%fslxﬁé @I & &fthe insert

forelgn 25 subst ances adhering to ber

medimtedda theserdd Fikiflg PO, Tﬁﬁﬁheﬂaglvrev,c r@gs?ﬁ%ﬂléﬁﬁn of the

of the end fixing portlon of the ho

mibsttanefabs sl the kv @DEAEV | { -
end fi xing portel on 4 at gtﬁﬁ%é‘?thgﬁlgﬂﬂ% thﬁb{igh holes 6

f ivoere pregentimgide!titd BoMB® fiber membrane bundle.

[0085] Then, the resulting filter element was aerated in water as in

Example 1, and the conditions of the membranes were observed. The
fed air vibrated each hollow fiber membrane without dissipation near
the end fixing portion at the lower ring and moved to the upper portion
of the hollow fiber membrane bundle. It was confirmed that the air
sufficiently agitated the water surrounding the hollow fiber membrane
bundle.

[0086] Furthermore, a filtration test was carried out as in Example 1.
The transmembrane pressure was -15 to -20 kPa and was stable for three
months.  After three months, the weight of sludge and foreign
substances adhering to the hollow fiber membranes was 3.2 kg,

[0087] Then, the cross section of the end fixing portion of the hollow
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equally divided into four in the length direction of
the nmenbrane and was observed the casting materi al
present between the hollow fiber 5 nenbranes in each
cross section. The casting material was present in
every cross section and there was no defect portion.
[0088] Then, as in Exanple 1, the di stribution of the

hgééé’w ifriBrang BiRd ”%%l%ﬁg e B 4pI10R e Gt i dna fixing
R e S A e hnftbugRbRG tReTbraRe bundle was
f@%@iynéiiid%?h@té ol jp° Qq%‘féthﬁv 4R ot Bk Pembrane and
TR p‘?ﬁf@??%s% Bk ik, maliAIUPaR the&“feﬁfleléﬂ oiow fiber

nee‘%or ane rér? Sﬁ;%g gﬁg%%@ %e‘g%g‘ g H%HQ@EIP ivatsf}?resem in
%asrsgs sé.%iﬁg éIJe s A ?(ngg@{ g&h{ s1.0. [0090]

rmor e |X|ng portion € lower ring

eL“ B8] méﬁ,owsfgpgxﬁgm B0 AT o HLHOIRS fiber

axl s erface was obser ved
SN iRk f %ﬁ%ﬁ
fp ﬁ)%gd appre%m rmtsee[(l)1 31 ggrﬁ‘g ?bkﬁ%”\% V{e’%“% er aﬁ%tm% smonal

2
PSSOt R 0 O s g

- mefiRnAlle dHseV&d V‘@ﬁl Wé%ﬁou@ lﬁﬂ'é‘s Geﬁﬁe&é f}ﬂf@%'gt inside the

nmol di ng” using an i nsert havi ng ape s

2-pllde ﬁBQP?ﬂleﬁB?ané‘%hﬂlé\’aSFﬁhﬁ%ﬁ%oﬁ'é om@eﬁabm ﬂié' hollow

chloride plate having a thickness of nm i nt

s ffisersineBtbranet MdreGireb&iet batsRich al[‘tlfé 01e§3 The
apparent density of the insert was 0.22 g/cnB. The

g)r([gggtgﬂ\:'l;]%?iftnﬁig yéd\fa%e 1@\%2{ %ﬁﬂlﬁﬂednuﬁéatﬂﬁﬁ’é@ ségments as in
Example 1, and the proportion of the membrane filling rate in each
segment was calculated. [FA/FB]was 1.1, and [FA/FC] was 1.0.
[0090] Furthermore, the end fixing portion at the lower ring of the
hollow fiber membrane bundle was cut along the central axis, and the
interface was observed. Ninety per cent or more of the hollow fiber
membranes were fixed approximately parallel to each other at an angle
of 0 to 10° to the direction of the central axis.
[0091] Example 5
A filter element having hollow fiber membrane bundles was produced
by the centrifugal molding using an insert having a shape shown in Fig.
2-g.
[0092] The insert was shaped from a polyvinyl chloride plate having a

thickness of 3 mm into the same shape as that of the insert in Example 3.
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measured by directly inmersing the insert in water

W t hout use of a polyethylene bag. 5 [0093] Afilter
el enent havi ng hol |l ow fi ber nmenbrane bundl e was
produced as in Exanple 1 using this insert, and was
eval uated. There was no occurrence of defects in the
hO||OM/fIber menbranes after the drawi ng out of the

ert. Thoug the ingsert m)vedto t he end i Xin
GRparent Es%p‘éf thEaHlW g% Efﬁmt'he;[i‘ garent
trace of .10 the jnsert_dent n_the d
o8etr B wha sislprainied 33 EXSMAF oL ePﬁCPPE?ﬂ%ﬁ Hig oRme was
aer at ed waj.er .Aas e.l nd the congition
o asten b dibkorfiE bt 2he mbe? Pavbef Withou Bl of a
eacT 'g‘l *ow fiber menbrane without dissi pati on near
t REERHEY portlon at the lower ring and noved to

oo AfEL'<IBmept e i BOIoR 408 mRRR K fgpdle. was
nErbuE b i Bkahofe 1 AHRE ik MlErd A el RBliyated.  There
RSSOl BT A I A s e

H%é‘?’?ﬁa% SF HEReat | T3 15 iberEiABRER hwardthe end
WEI in lg ﬁo?{mh% glgﬂlé‘gﬁéélsheaﬁ Bﬁ tt)li31"t 39 RN there WIS no trace of

oreign st ances ‘adhering

t e P ﬁteﬁqhﬂlﬁ%'ﬂﬂcﬁt;iﬁg}%ﬁﬁrﬁo@ kg. [0096] The”

the cross section of t I Xxing portion of the

900941 ThHehe 1hEP R DG Colifiertt DAS VAdhaR A1 WAYKY: as in

f1Xxing portion 4 at the upper head

OfEﬁaHﬁ%R:Oi | 8Md fth8 %n'i'ﬁﬁ@ﬁ@ Of thEHEMbIGfies Q%&b' observed. The

divided into four in the length direction

NERR AR erBfﬁiedi’@ac\HaﬁoHBﬁﬁﬂlﬁ? fefisank Withoat Qilbﬁ atlon near

present between the hollow fiber nenbranes in ea

C ¢ endSGkirP portiéh afthé TOwWRRRIg #hd WAEved 268k uyper portion

of the hollow fiber membrane bundle. It was confirmed that the air

sufficiently agitated the water surrounding the hollow fiber membrane
bundles. However, a group of large air bubbles ascending from the
center of the hollow fiber membrane bundle was observed.

[0095] Furthermore, a filtration test was carried out as in Example 1.
The transmembrane pressure was -15 to -40 kPa and was stable for three
months. After three months, the weight of sludge and foreign
substances adhering to the hollow fiber membranes was 4.2 kg.

[0096] Then, the cross section of the end fixing portion of the hollow
fiber membrane bundle was observed as follows: First, the end fixing
portion 4 at the upper head of the hollow fiber membrane bundle was

equally divided into four in the length direction of the membrane and
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every cross section and there was no defect portion.

[0097] Then, as in Exanple 1, the distribution of the

holl ow fiber 5 nenbranes in the end fixing portion

was observed. First, a positional relation between

t he through-hol es and the holl ow fi ber nmenbranes was

visually observed. Al of the through-holes 6 mere

present. i nside.the hollow fiher nmenbrane bundl e.

HoWas cPbserie eﬂ’cﬁa§a§ %rma@n@n presend) briveecho thi hajlpw fiber

flber nmenbr anes resent at..the center of. end
OPGMRTREER 4N, ‘Ff@é %%Panb’%ﬁ@%‘t@g g%ﬂ}epﬁi s present in

hrou h- hol es

|9k 3y Sl Bt PPt [00%

m&ﬁﬁéﬁ iRt %ﬂﬂfé@a@ﬂ& gﬁﬁ&h&%&é' ?ﬂgﬂ%{iﬁ}}v fiber
e @%2%%8%%%%%3 i, obseriial  tKiset, 4 pgsitional

i SN TR e R ves

pe&lsgﬁﬂg c%seﬁrpé ofa i 'M&ﬁélé it le er atrber@se‘ﬁ‘ftr ﬁ‘s(i_}de the

proxi matel y para an an

31‘%6‘?%5@% iaibrind Bindts, CHdwey %sﬁfn‘é‘ai“fﬁ?owl% gp where
”%Igrf@sri%@ﬁ g\g‘gﬁér RASAY ?ﬁgesb%eréiaﬁéée%t%?ltﬂ %@nﬁ&;épthe end

canlze er inser aving thé same Shape

Hklﬁ‘iltggé W trﬁ‘%r%%rrt M%apgnwgbeous so?&f@%ﬁ-h 6 were

egieg fﬁlﬂng Bﬁl‘gﬁt density of 25 the insert was
5 g/ cnB. 101 ] A hollow fiber nenbrane bundl e and

as IUr?ng éﬁ”ﬂﬁt fi48h reg%xﬁ’r\ﬂﬁé“iﬁﬂxdéﬂ ﬁﬂ:otﬂirée'ér%ﬂiénts as in

anpl e 3 and eval uated. There

o%xnam?nsel ofndehecpropdttione oftheomehbame iR e%e in each

af t
segment was calculated. [FA/FB] was 1.8, and [FA/FC] was 1.1.

[0099] Furthermore, the end fixing portion at the lower ring of the

hollow fiber membrane bundle was cut along the central axis, and the
interface was observed. Ninety per cent or more of the hollow fiber
membranes were fixed approximately parallel to each other at an angle
of 0 to 10° to the direction of the central axis.

[0100] Example 6

A filter element having hollow fiber membrane bundle was produced by
static molding using a vulcanized rubber insert having the same shape
as that of the insert used in Example 2. The insert was filled with a 35
wt% ethanol aqueous solution and was sealed. The apparent density of
the insert was 0.95 g/cm’.

[0101] A hollow fiber membrane bundle and a filter element were
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draw ng out of the insert. Though the insert noved
toward the end fixing portion 4 at the upper head by
about 20 nmm there was no trace of 5 the insert
dented in the end fixing portion. [0102] Then, the
resulting filter elenment was aerated in water as in
Exanple 1, and the conditions of the nmenbranes were

RGN whhe i ndit a4 i iR RRtE Stand averrevaliared.  There
D544 8 Gl b8 A R RSP e the
WSREVE ool G, the St ihigHel B o8 ALEd g, the end
P por oA yh el £ WAEH 95 A5 SHHAF S e of
Oume Rt AL (UCHREREB ol 1201 on Lest ves

ISR D18 i A WANIRE ke ol A e a0 i
noninile AN $E oM 0P the helibhshes Wete Misprved.  The
ied Rer Sibhateck oagh Ao fiber iepdlfiph WithblE Wissjpation near

ettie End ifkingZPoritidint A0theAlRAbet Hﬁg“%}gg gﬁi%}(e%g@)ﬁf portion

hol | ow fi ber 'nmenbrane bundl e wa

f ofthé rhdliew! 8B&F tnéinbeshé Burffle! et Eaﬂﬁnﬁ%getﬁ!éﬁsthe air

observed the casting material present between t

heoffiviefitlpedgitaredthe \Watdr s PGindin@StheS B6HbAN fibERSmembrane

casting material was present in every cross section

abundleer cHommevep, defeip RSF 14rge. a#SbuBBRE! asdiMingSrbh the
Exanple 1, the distribution of the hollow fiber

neeritern€she hollosv €ibér hembaame bithdle Was cHaeeradd.
First, a positional 40 relation between the

t[OlcﬂBthh:theﬁmarﬁ HRltReldovedti was daRfied as@sSayéf Example 1.

4
visually observed. Al of the through-holes 6 were
pThe dransnmernbearidpressure was -15 to -45 kPa and was stable for three

months.  After three months, the weight of sludge and foreign
substances adhering to the hollow fiber membranes was 4.4 kg.

[0104] Then, the cross section of the end fixing portion of the hollow
fiber membrane bundle was observed as follows: First, the end fixing
portion 4 at the upper head of the hollow fiber membrane bundle was
equally divided into four in the length direction of the membrane and
was observed the casting material present between the hollow fiber
membranes in each cross section. The casting material was present in
every cross section and there was no defect portion.

[0105] Then, as in Example 1, the distribution of the hollow fiber

membranes in the end fixing portion was observed. First, a positional
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hol | ow fi ber nmenbrane bundl e. However, there was a
portion where alnost no hollow fiber nmenbranes were
present at the center of the end 5 of the hollow fiber
menbr ane bundl e, and three through-holes 6 were
present in this portion. [0106] Then, the fixing
region was divided into three segnents as in Exanple

osation FReRpeRdbe diuibhhofe %@%ﬁ s {iber Fibrahes was
poyppghygﬁbﬁqqgeql 13&1? Wg'legﬁu EB'ER)IFF (ﬁN\x?qrgzlgrefseﬁ( imside the
COHBR EBEE dnEnRang Burflie " Hliefer shete Hise Riffion where
v aGtRt bBYfol, Fijer aFEHEARES WARL Srbagtis thr gepter of he end
t it By G cbine' BinGR AR AiER Sirdvghbiéd 6 were

%@ﬁ@up g“p%rﬁaﬁl ng an end fi xed by centri fugal
i

ng usi ng-t wat er - sol ubl e i nserts each having

T I R A AR RS ARFEAS o n

éyﬂeﬁﬁdl el F%ﬁld’i‘ﬂ oFote AHblae tﬁqllﬁgl f&%éein each
starc and ’drying i Were a porous nateria

ef %5%%!6 OngﬁFE] WRRE 1 0hnd [FA/F(IS%as 1.2.

secti on was an e I pse m nor axi s -out er

di ETRYA’ FafthéfinofeD Y ehd"MGh ?bﬁmﬂ‘%rﬂﬁ Wb?rnﬂé of the

30 Mm "a mmj or axi's outer dla er of 100 nm and

mehSModx fibet MemMbPaReHhupid]@ fw) clital Gl the ©edbral %dlﬁ Cand the

l ength of each insert was 850 mm The apparent density

o St s b, Dy 2801 SR oT bl e

el peeitranes lwetenfixba! dpprokiraatelygira et each dther at an angle
of 0 to 10° to the direction of the central axis.
[0108] Example 7
A filter element including hollow fiber membrane bundle having an end
fixed by centrifugal molding using two water-soluble inserts each
having an ellipsoidal cross-section was produced. The inserts were
formed by moldingg a paste prepared by adding a
carboxymethylcellulose aqueous solution to soluble starch and drying it
and were a porous material having a porosity of 70%. The shape of
the cross section was an ellipse with a minor axis outer diameter of 40
mm and a minor axis inner diameter of 30 mm, a major axis outer
diameter of 100 mm, and a major axis inner diameter of 90 mm, and the

entire length of each insert was 850 mm. The apparent density of the

insert was 0.09 g/ cm’. The apparent density was measured as in
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having a fixed end was produced using the
above-nentioned inserts as described below. Fig. 4 is
a conceptual diagramillustrating a nethod 5 of
formng the fixing portion. [0110] One thousand five
hundred sixty polyvinylidene fluoride mcrofiltration
menbr anes having a mcropore dianmeter of 0.1 p.m an

0 . diapeter of 1.2 mm an i nner diameter of 0.6 mm
amﬁfgn h of 1180 mm were used. 10 [0111] The

ofOLOSL T T RICHER, N EBGE: BOUBY JubeR mdhialee dndle

B PURE end i EHBREE AR B8l At e
URESCHELESRIGN Y I 408 £ B OB St RS S method

1 T r holl ow fiber nenbrane bunch
of FHRNER the fikthe gﬁgﬁ(ﬁ&:

was put thereon, e other insert was put

’ roi h . _
[OLPOT On " WRALREC ¥ LORERRA', By BNIRRRe, Auoride
di e, | | ' t
naFPSamialon WeRBMRR Ryli®s hRoft (86t 0L 011 fm, an
dbfiRasdidnsatePof N nifeiah #Eds dBnetedlof 0.6 E&neaﬂq £ length of
fixing portion-formng region, I.e., a position

f 1 9BOtAM wer&uskdnes in Fig. 4. In addition, the
hol | ow fi ber nmenbranes were evenly disposed around

: E@up]s ThiesheloW iRl ietnbiapRs ! wer@ sRaldf byeSPRERYTbM the

e exterior. [0112] Then, the hollow fiber “nmenbrane

bends, caridiierdilraniehtbranes Wére divid@d invoarisshnd iHted bunches,
hi gh-density polyethylene film and both ends were

f withl rabbler abarady;. eddle inchriigg 520! aerhbRefesTenDhanef these

bundl e was 42 put in an ABS éxternal cylinder having

ahdllewe fiber oherhbianerbandhes waanBofizehtalll2ButBh &l Aith-density

the tape at both ends was renobved and the
polyethylene film, and one of the above-mentioned inserts was put

thereon. Then, another hollow fiber membrane bunch was put thereon,
and the other insert was put thereon. Furthermore, the remaining
hollow fiber membrane bunch was put thereon. The two inserts were
disposed at the center of the length direction of the hollow fiber
membrane. That is, the inserts were disposed such that their ends were
in the end fixing portion-forming region, i.e., a position 70 mm from the
X-X' lines in Fig. 4. In addition, the hollow fiber membranes were
evenly disposed around the inserts such that the inserts were not
exposed to the exterior.

[0112} Then, the hollow fiber membrane bundle including the inserts
was wrapped with a high-density polyethylene film, and both ends were

fixed with a tape. The wrapped hollow fiber membrane bundle was
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hi gh-density pol yethylene filmwas drawn out. [0113]
Then, 48 pol yurethane resin bars each having an outer
dianeter 5 of 14 mmand a length of 80 mm were
inserted in the hollow fiber nenbrane bundle at the
occl uded end, and the hollow fiber menbrane bundle
was fixed by winding a tape onto the circunference

bt i oy S B Fihd Raviea iRt o4 2 Fomy and a

{ BBt ST BB, P Ak oY, o B smds, was apmicgredzfnd the

oo 888ty BOIE iy Rine Sl FRE8EE AT open

Wl D TABICEREN RS potflfethfe 1Esip Wi €aEh IRARRARE ol “diEmeter
. h Ehi

coch, IHnmEaAd o WenethBERD, Minf v ltellriBrl, e Hiliow fiber

a RietiBrank ?@ﬂé%t%%lﬁ?é?% h 2304 ﬁl%ohﬁmi?ﬁ%%g Eiaergxbrane

resin bars at have an ou anet eér o

I j I :
g IR pindl R S8LE SHEP I Eheliferche i i e
t T 9Bsibbes Werd didpBas i i -
D s P P HENRRY FRr aofbFatiy bhiife with
Thequaldagsrvalg, material cups 2' each having a depth of

35 M were abutted on the both end faces of the

eXqi0dndl| Feithernd i I i . : .
ex){t er ﬁl cn;ll-li ndgil;e’\?\i/lmtj g%ﬁy@ﬁy b]tﬁgé Hbel§(tﬁesrﬁglz!\lfl g p‘i B¢ having

Cydri pdesr dinpvéteedfWl I Puinhand a5 lerpah et €20 3hnf R YP$he same

set to a 25 centrifugal nolding Tack (not shown).
[ kst bérsas abovetvasredinsertd ihlthel kb wdidh _ogeﬁ hollow {Rortions,

centrifugal nolding rack 43 and the casting materi

curl the dmllbowofiber neembirate iblinklle i was Toeab b]y2w1nliihgd a tape

-

the casting material pots 11, a mixture of two |iqui
urattbathe ciesimference near this end. The through-hole-forming pins

that each have a disk of 15 mm diameter at one end and have a diameter
of 11 mm and a length of 120 mm and the resin bars that have an outer
diameter of 14 mm and a length of 80 mm were disposed such that the
hollow fiber membranes were evenly distributed and the
through-hole-forming pins were disposed in the hollow fiber membrane
bundle with equal intervals.

[0115] Then, casting material cups 2' each having a depth of 35 mm
were abutted on the both end faces of the external cylinder and were
hermetically fixed to the external cylinder with nuts. Then, the
external cylinder provided with the casting material cups was set to a
cenfrifugal molding rack (not shown).

[0116] Casting material pots 11 placed on the centrifugal molding rack
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conponent was fed. Then, the centrifugal nolding rack
was rotated at a rate of 250 rpmto apply a
centrifugal force of 35 Gto the end fixing 5
portion-formng regions. After 90 m nutes, the
rotati on was stopped, and the hollow fiber nenbrane
bundl e contained in the external cylinder and havi ng

5 S ) O el s 2
oot ik Bhothil maRiaf bAS IS 4 MyFefiEtof iRk gy ifebbE resin
naraploRent bARTE, | Miferd e Shit e ASROIRY 808 ts Poffited at

ranes Weré of
oot Phte G200} BDRRY B Cetftifect LD oF 5 (IS e end fixing
i ESUEERNG FbAS T ARGO0 NGRS, e Riiddeal g Gopped,

I ti j r ti
SRR Nk AT RS  ArANPlr Yl oMafAITH WRe extemal
r edyaiidRe d4r@l Ravidg' e AR6E@ ends Wds e %gitiﬁﬁg] tdirifugal

pi ping of a fi Il?lg device were attache
f apeldiag rabR. hofheohollobe ibeR Fhémbpand bl Wvietated B¢ 50°C

filter élenment was connected to the filter device

wifolt 2h éouePin 2 aesichatorns eTlidn, heCcaPind M8Hcapd 2' were
renmoved by applying hot water of 70C frdmthe

r adetaehiet, asiddthe hélldW] pdisionsrat thk iprehinlih@y bédleded end of the
menbr ane bundl e having both ends "fixed with a casting
neiicitowl fibed neerhbtdress We@é’ﬁj}ieﬂeﬂ%%ﬁ%mﬁn hgbe@N85 M@h Sof the
obt ai ned. The effective length of the filtration
panembrahes pastruding from theetressl oflindw. end fixing
portions was 990 mm the nenbrane area was 6 n2; and
t H81&@dl Fheri, rthepthrough<cledoriming aifds Boicze drawibadut 44 form
mm a length of 65 mMmm and a holTow fiber nenbrane
f ithtough-hales 6feach@avingtdidmerrfafcEl et {leerenthfter, the side
fixin ortion.

havigg IE())pc:m hollow portions is referred to as a permeation side, and the

i

side having the through-holes is referred to as a raw-water side).

Caps for connecting piping of a filter device were attached to both end
faces of the hollow fiber membrane filter element. The filter element
was connected to the filter device with the caps, and the inserts were
dissolved and removed by applying hot water of 70°C from the
raw-water side.

[0118] As a result, hollow fiber membrane bundle having both ends
fixed with a casting material and a filter element including the same
were obtained. The effective length of the filtration portion between
the interfaces of the end fixing portions was 990 mm; the membrane

area was 6 m’; and the end fixing portions each had a diameter of 152
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[0119] Then, the resulting filter elenent was aerated
in water as in Exanple 1, and the conditions of the
menbr anes were observed. The 5 fed air vibrated each
hol | ow fi ber menbrane w thout dissipation near the end
fixing portion at the lower ring and noved to the
upper portion of the hollow fiber nmenbrane bundle. It

e a8 JEHR 165 hAS, &d 2, Al ek shefibrel TR rete of
{reoY R R B LT R 850 i MRPiBR, 07 oo bundi o was

e and Fiinath SRR T olebiet 358, BERICA I, Mater oo n
I S e i

f i for atrevibrand BasllHOIMAS ﬁ@é@#@fnﬁf&n& Wiﬂlcgtﬁ“«gigb{j)\?g@)‘ﬁ near

l ength 15 direction of the nenbrane and was obse

t htbecard fixtngportibalatithe I8Wer MhYARH MbYeldb! AW 1%159‘%? Jportion

menbranes in éach cross section.” The casting ma

wesf thies dolledy ifibe methibfmesBaAHRNS. :
found. [0122] Then, the di s???%%?i olﬁa??st%t?e 0 ov‘i'/hé‘\"aﬁ-le air

f i snefficianthy agi?tatdchtheh VABE suﬁ%uhid&héz ghe Hdllew %belt ?f‘engbrane

raw wat er si ' anple 1. I rst,

e was observed as in

pduindlesal Howevérgm ipebupest ldiget dirdbabbles! &teadthd fom the
hol l ow fiber nenbranes was visually observed. Al of

t reentér ofitie hollew fiberareenipragiediindlasiaieobseved! | ow

fi ber menbrane bundle. Furthernore, the hollow fiber

me it 281 &F rtinetneonss the ceesnsediivingeshtlad end MixingSportions of the
t hrough- holes 6. [0123] Then, the fixing regi on was

diholbss fiberanehrhrans dymelde svere observiéd &x folbdwsl, and

the proportion of the nmenbrane filling rate in each

agga%aﬂl ies, dh cendifexing posfiah 4t 0 ponmibaliohl Ede of the
hollow fiber membrane bundle was equally cut into four in the length
direction of the membrane and was observed the casting material
present between the hollow fiber membranes in each cross section.
The casting material was observed in all cross sections, and no defect
was found.
[0122] Then, the distribution of the hollow fiber membranes in the end
fixing portion at the raw-water side was observed as in Example 1.
First, a positional relation between the through-holes and the hollow
fiber membranes was visually observed. All of the through-holes 6
were present inside the hollow fiber membrane bundle. Furthermore,
the hollow fiber membrane bundle was present between all the

through-holes 6.

[0123] Then, the fixing region was divided into three segments as in
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[0124] Then, the end fixing portion at the |ower ring
of the hollow fiber nenbrane bundle was cut al ong the
central axis, and the interface was 5 observed. N nety
per cent or nore of the hollow fiber nenbranes were
fixed approximately parallel to each other at an angle
of O to 10 to the direction of the central axis.

b FERERIR, & 2t G PRITSEHOReRb S Lﬁa%%'iréﬁgr SR Bl in each
UL ErReAEE LRSI T Rk SE 5D, AIFTEANG) w4

TR IPH T i 4 RSt botrin ot ARETobE fng b fiotfSh fiber
oA e 50y FST SPGBk B ALED e vas
(1SRO8 NI, Aol ARYEE RS ofofi SRAIGR! by Bhgmbranes
oV e iRed Wpptbifishely PARITT o Yach \inek b b apffe 878 10° to
Fﬁﬁ%dg%ﬁem{lgﬁﬂié céh élli){ig.t' on test was carried out as

ter Two 0 weeks, the operation was
h nbrane pressure exceedi ng
gigl%glt@?%%?ﬁ{ﬁgn t gniéross segti on of the end
figxi [ ipgr
s T8, K, ok pond S o D3RO, s e fter
pasleirenit Awdte tﬂ"r@dki@é’&raé‘l?llﬁigEﬁém e haldcap hat fthéff]%ntﬁﬁlgal

menbr ane bundl’e was equa divided into four in
! Qﬁﬁldingdwlhsfddrﬁedcﬁuﬂ WotheRA i 8p6sing et Ofidisédlsert at the
mat eri al” present between the hol'l ow 171 ber

rrqﬁws}r}ﬁsgismeeach cross section was observed. The
casting nmaterial was present in every cross section

arf@1263 'Ehevdfltereelement was aerated in a water tank as in Example 1,
and the conditions of the membranes were observed. The fed air
dissipated from the end fixing portion at the lower ring, and the effect of
shaking of the hollow fiber membranes and the effect of agitation due to
movement of the air to the upper portion of the hollow fiber membranes
was not confirmed.

[0127] A filtration test was carried out as in Example 1. After two
weeks, the operation was halted because of a transmembrane pressure
exceeding -60 kPa.

[0128] Then, the cross section of the end fixing portion of the hollow
fiber membrane bundle was observed as follows:

[0129] First, the end fixing portion 4 at the upper head of the hollow
fiber membrane bundle was equally divided into four in the length

direction of the membrane, and the casting material present between the
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defect portion. [0130] Then, as in Exanple 1, the

di stribution of the hollow fiber 5 nenbranes in the
end fixing portion at the |Iower ring was observed.
First, a positional relation between the through-holes
and the hollow fiber nmenbranes was visually observed.
The holl ow fi ber nenbranes gathered in one side, and

a tion.where the hallow fiber nmenbranes wer
- RHIoW AIReE e gl dch o Stpie  wa] offserved.  The
g shalG P et pReselfif PUERE Hhosstsdctfouf B g wes no

an : fi ber nmenbranes were present between
fi@%ﬁgﬁpgtﬂé&ﬁhol es 6 anong the eight through-holes 6.

RIS ThEn, 1% ol Y, he' Ml ool WS fiber
RO in . AU Ridh" BORISE St RwiE Tie, was observed.
| ot & WiaTo . felphif Sivcer U1 diRARRoR B the hollow
ol SimbioRE s P obRcll ThebIRF H pembranes
CPTHERt MR 4, 1At Poragn PHeR, e AAUIDY: Hhek tntrifbranes
Ackerdli el pRefiet (el UbsePed! BECtHe itOnsidd.  Eight

[
hol I ow fiber ~ menbrane bundl e having hol ['ow fi ber
meiphapkholee nverdli srileseRttiad the péhfore"Whete<ithe hollow fiber

portion and a fixed end can be readily produced even

atmembeneserbrangely Ipregt! ahd nd MRIRWfbert Afembranes were
resulting hollow fiBer 25 nenbrane bundl e can be

ef presegtibetiwetaeflve tharip-hblesdransin thd éipht deroughitoles 6.

al'so as a hollow fi ber nenbrane filter el enent,

OIS T, s g o By e gt o i

DrBxamgde 1, and the proportion of the membrane filling rate in each
segment was calculated. [FA/FB] was 1.3, and [FA/FC] was 9.1.
[0132] Furthermore, the end fixing portion of the lower ring of the
hollow fiber membrane bundle was cut along the central axis, and the
interface was observed. Thirty per cent or more of the hollow fiber
membranes were inclined at an angle of 10 to 30° to the central axis.
Industrial Applicability
[0133] According to the method of the present invention, a hollow fiber
membrane bundle having hollow fiber membranes evenly distributed in
the end fixing portion and a fixed end can be readily produced even at a
low membrane filling rate. Therefore, the resulting hollow fiber

membrane bundle can be efficiently used in general membrane filtration

and also as a hollow fiber membrane filter element, particularly, used in
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[0134] Fig. 1 is an explanatory diagram of an

enbodi nent of the hollow fiber nenbrane filter
elenent. 5 Fig. 2 is an explanatory diagram of an
enbodi nent of the insert. Fig. 3 is an explanatory

di agram of an enbodi nent of the nethod for formng a
f|X|ng portion of a hollow fiber nenbrane filter

e Ehanbr e Cotaraliof actyated BuftR! ARREELY O 1O10T,
flnmﬁgﬁéf-gﬁ g@tﬂ@gj&%ﬁgger nmenbrane filter

1
el enment un I's”arr expl anat ory di agram of

AT o S o pFfhe pollow

|Sﬁggrﬁigghgfﬁ{@ﬁuepbp&?@%@oof a met hod for eval uating

he 15 distribution |l ow fiber merrbranes at an

eng l%isﬂaih &%gﬁérﬁ'kﬂeaﬂ\l s
holllgow fiber n%dln‘l‘g% e btndl e :Hgg{)(girl ﬁ }ﬂsert

caBig. ) igraneéxpl ok 6PanC
3: Igovvelr1 ring IEz\ilamgnd fIOIQI)?.I ng pgfﬁoﬁﬁgPagﬁgﬁE%g'etrﬁb fiiéfiod for

5. foensingi Ai figi drﬁﬁnabf tdhehdIRWRT fibeh Qneﬁrbrane ﬁlter element
t hr ough- hoI e 2 col um 8: through-hole-formng pin

48&wndigor ous pl ate 10: insert

Fig. 4 is an explanatory diagram of another embodiment of the method
for forming a fixing portion of a hollow fiber membrane filter element
bundle.

Fig. 5 is an explanatory diagram of the arrangement of a gas inlet tube
in an aeration test of a hollow fiber membrane filter eleinent.

Fig. 6 is an explanatory diagram of a method fdr evaluating the
distribution of hollow fiber membranes at an end fixing portion.
Reference Numerals

[0135]

1: holiow fiber membrane bundle

2: upper head

2" casting material cup portion (or casting material cup)
3: lower ring

4: end fixing portion at the upper head

5: end fixing portion at the lower ring

6: through-hole

7: column

8: through-hole-forming pin
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11: casting material pot 12: injection hose 5 13:
casting material 14: external cylinder 15: resin bar
16: nut 17: aeration gas inlet tube 10 18: aeration
gas exhaust nozzle 19: water-collecting cap 20:
interface inner than the end fixing portion of the

hol |l ow fi ber nenbranes 0: center line 15 P1, P2:

(Zﬁﬁisi of the center |line and the periphery of
ﬂgg% Qﬂﬁg’ portion Yl, Y2, ZI, Z2: intersections
of 1 - fpg8rtOr t hogonal to the center line and the
perlphery of an end fixing portion Q 1,

Q: |

center line and |ines orthogonal
thereto g%%é}@f&f%s 1. A nethod of producing a
hol 2.dvjddtis hagdrbr ane bundl e having a fixed end,

conpr|3|ng pl'acing an insert having an apparent

der8yidagtiab BaferpficnB or less, inside a hollow fiber
menbrane bundl e at a position inner than a 5 region to

belzf:iemsma‘lioyﬂjﬁqe}he ends of the hollow fiber
menbranes; and renoving the insert fromthe inside of

t HeS:rekinolar | ber nenbrane bundle. 2. The met hod of
produci ng a holl ow fi ber nmenbrane bundle according to
cll&:mit, wherein the insert is a hollow material.

17: aeration gas inlet tube

18: aeration gas exhaust nozzle

19: water-collecting cap

20: interface inner than the end fixing portion of the hollow fiber
membranes

O: center line

P1, P2: intersections of the center line and the periphery of an end fixing
portion

Y1, Y2, Z1, Z2: intersections of lines orthogonal to the center line and
the periphery of an end fixing portion

Q1, Q2: intersections of the center line and lines orthogonal thereto
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3. The met hod of producing a hollow fiber nmenbrane
bundl e according 10 to claim2, wherein the insert is
a foam 4. The method of producing a hollow fiber
menbr ane bundl e according to claim?2, wherein the

[ s a balloon inflated with a gas and/or a
|(P%3|H. Sg The nmet hod of producing a holl ow fi ber

e R 8 AR g e i v
S, S RIS T By T 0
omylesd, inkRle1E hbllodv tfibet meRsh@ang Bﬁ%l%?%bg?ﬁ@f%mr than a

shape of which a cross- section perpe
megon txibe fizedi Ifﬁuhgftheeérhddoéf'tﬁé”hol%wzﬁbeplrﬂ&?ﬁ?énes; and
g from

and has a circle-equival ent dianeter decreasin

reroyeng ¢he insertfronetiee insidotof thé Holkve filseraheRbrihie bundle.
major axis. 50 7. The method of producing a holl ow

& gdie mathpdrel prodiang e hotliowy fiber memntne! Windle laccérding

to ji wherein the insert conprises a thernoplastic

fR&{HM], ein the, inspy et eliowimptariblci ng a hol | ow

féi r neqr}lﬁrane bu&glle accgrdi ng .5 to any of clainms 1,

- tlgieymefRed qfprafucingiahellpyr fibexi mgmtmane fimdiaaecording
roughsholes .on,one side. 9. The nethod of producing

E&ﬁgﬁlﬁb&, WSS HASER 15 ad@rm.accor di ng to any of

| i t erein,a,me ane filling ratg at .

O TP meh 6 ot Frodiing o hﬂHO&h%r@ﬁ@baan itsndle acgerding
I fo n I.S.1n 10 pa af, 5 to

P saeth 2. el BR el itidcbloon RMAGH it 285 andior &
kg ane bundl e having a fixed end according to any

of claims 1, 2 to 9, conprising placing an insert

g.agjcl’)l:é?%l\%ﬂ%% gﬁ*ﬁ‘@du‘éﬁﬁg lat HoRbwPfib8t HHEMBrané Hundis ia%Sording
to any of claims 1, 2 to 4, wherein the insert has a shape of a sphere, a
cylinder, or a polygonal column.

6. The method of producing a hollow fiber membrane bundle according
to any of claims 1, 2 to 4, wherein the insert has a shape of which a cross-
section perpendicular to the major axis is circular, ellipsoidal, or
polygonal and has a circle-equivalent diameter decreasing from the center

toward one or both of the ends along the major axis.
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menbrane bundle at a position inner than a region to
be fixed; fixing the 15 ends of the hollow fi ber
menbranes by injecting a casting naterial to the ends
of the hollow fiber nenbranes by a centrifugal force

TR RSN G 8 ORI Lhin
10108 AT 1, 2 o R ARG MBRS P hmoptasic

aesiaret mdbbep, any of clainms 1, 2 to _10. 12. A net hod of
produci ng a holl ow fi ber nenbrane filter el enent,

8orifitd sigthotlhef ptfucihg HRABWditerakhiWaht Mindle according
For t he encf

menbrane bundle in a surrounding member
to anygoHotdiimmn 102 an 7exviesred thy lrbplsts fdrnﬁxlrf% tHeehdd have

of producing the hollow fiber nenbrane bundl e "havi ng a
ighelolesdmonesidlng to any of clains 1, 2 to 7. 51

3,..A hol]ow fiber nmenbrane filter el enment produced by

hd heemeglaod afcpradiusgng @ boHow fiber 5Aembrane bundle according
to any of claims 1, 2 to 8, wherein a membrane filling rate at an interface
inner than the end fixing portion of the hollow fiber membranes is in the
range of 5 to 40%.
10. The method of producing a hollow fiber membrane bundle having a
fixed end according to any of claims 1, 2 to 9, comprising placing an
insert having an apparent density of 0.1g/cm3 or less inside a hollow fiber
membrane bundle at a position inner than a region to be fixed; fixing the
ends of the hollow fiber membranes by injecting a casting material to the
ends of the hollow fiber membranes by a centrifugal force and hardening
the casting material; and then removing the insert from the inside of the
hollow fiber membrane bundle.
11. A hollow fiber membrane bundle having a fixed end produced by the
method according to any of claims 1, 2 to 10.
12. A method of producing a hollow fiber membrane filter element,
comprising the step of disposing a hollow fiber membrane bundle in a
surrounding member for the end fixing portion or an external cylinder, in

the method of producing the hollow fiber membrane bundle having a

fixed end according to any of claims 1, 2 to 7.
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13. A hollow fiber membrane filter element produced by the method

according to claim 12.
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