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DESCRI PTI ON  PROCESS FOR PRODUCI TON OF HOLLOW FI BER
VMEMBRANE BUNDLES Technical Field 5 [0001] The present
invention relates to a nethod of producing a holl ow
fi ber menbrane bundle that is used in a hollow fiber
menbrane filter elenent and a hollow fiber nenbrane
bundl e produced by the nethod, and relates to a

SRR IO, o ane bundi e and a fi1ter el oment
TERAGASS KoK PROPUCTION O HOLERH-IBER HEMBRANE
\I\ﬁtﬁgp% one of processes of wastewater, a menbrane

%ma_nt [ Sdl n}re(rjsed_ in an a;:t :jvglt eg-SsI udge

r

fﬂbwbﬁi&mat ﬁl ssp:rjog:slss fﬁgaf |al terat?/on can. be
m@dﬁllqugr suspen e étc@{klt?M gt'hof 5 golgglow
?ﬁe r merib &ife”%ﬂ dlet fhat ﬁé 3 ui@haﬂé@&/ ﬁbbmaémbraﬂéﬁﬁter

activate e tank can

" Rttt aiid § BRIIOHEILEF méBfidebusle protaded lbyt fhe method,

ge tank 20 can be short'ened. In

aﬁ’ﬂd trbﬁﬁes 2 n&%&ﬂﬁd‘ oftpreducing & filter ietenent inthuding) the

nbrane, a final settlenent tank for renoving
Sﬂéﬂ@ﬁdﬁﬁeﬁ RhéMbrarSbundie endr e fleet elensenti produced by the
unnecessary. Furthernore, since the filtration can be .
Ciethgdl out regardl ess. of sedinentation properties of
activated sludge, no special counterneasure is

NBagRgPsuUnd Yait if the 25 sedinentation properties of

activated sludge are poor . Thus, the nenbrane

SE002} Inon nembreare maxmwpmmsm forjactivated sladge, ovhich is
one of processes of wastewater, a membrane filter element is immersed
in an activated-sludge tank and activated sludge is separated by
filiration. 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-sludge tank can be
reduced or the time for reé,ction conducted in the activated-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
¢an be carried out regardless. of sedimenfation properties of activated
sludge, no special countermeasure js necessary even if the
sedimentation proﬁerties of activated sludge are poor. Thus, the

membrane separation process has many advantages compared to
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sedi nentati on processes and, therefore, has been

rapi dly devel oped recently. Disclosure of the

I nvention Problenms to be Solved by the Invention 5

[ 0003] Hol I ow fi ber nenbranes thensel ves have high
strength and can be therefore used for a | ong period
of tinme with | ess damage in the nenbrane surfaces,
such damage is caused by contact of foreign
sedsmentadion proeesseat and withérefore, neash heens rapidly developed
Furthernore, the hollow fiber nenbranes have an
gdcemtlyge in that extraneous substances can 10 be
renoved fromthe nmenbrane surfaces by ejecting, for
disclosmure ofr thet Inventien er from the directi on opposite
to the flltratlon dlrectlon (backwashi ng). However,

: = 3 A““0~Iudge and foreign
substances accunulate on the surfaces of the holl ow
f0863] Helewatiber merbbtan@é themsehiesthaviedsighmsizengthrand can
the effective 15 rane a s.decreased if this
decthere reoquri fapta %\r@mqsﬁpf et watly l¢ssr demege in the

resulting in _a decrease, in f||trat|on bility. Thys
fRembrage sinfacas oHO slammage s pavsadar Yor£Ongacts OEoﬁgelgn

ASbs 0008 (B 0y RRT With dhe FPeRIBEER. Jr#Ehermore, the hotlow

o Bipdbrangs 3?%@25%' {aﬁ’%g{"ﬁaﬁr SRiEiags syhstances can
E)igltter el ﬁmﬁnt méhﬁglbagiﬁt tosﬁ_@gr 3}:9&8? a|f91g example
Sttt RS the iR O%n SPPESIE .tseﬁﬂe@ﬂ%aéﬂ% direction
Kbat eSB! HEGWeREr, SagtNiited! Sfiel) FoceifiedPhidge) and
BEHEB! Lp AhncdDT0Ua8: 1950 g égseur' QUST o % Holw fiber

membranes or between the membranes. Therefore, the effective

—PO_

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 aerating 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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fromthe lower ring side to forma gas puddle in the

end of the lower ring and to generate uniformair
bubbl es through these through-holes, so that the

sl udge and ot her substances are easily exfoliated.
However, even if such nenbranes are used, it is

desired to reduce the nunber of 5 the hollow fiber
menbranes to an appropriate filling rate in order to
frmcthediossenringf Siderto fosm acgas/puddiniin the endtobthe kywer
a_longer tinme. [0005] When a hollow fiber nenbrane

ting and & @ensrathamiforiair bubesithrotigh thase throughthales, so
hol | ow f| ber menbrane bundl es are unevenly |

dhatt thebslusdge and wthengubstances fare aasily ¢xtyodmat¢cbr nHowever,
distribution at the end of 10 a fixed portion

evendf suchanembranes ate usedidit ie dgsireditagegduee ithey numaber of
the hollow fiber menbranes. Sl udge, and_ ot her .

¢he shqiﬁwsﬁbars membeanesma aneapproprigée thilbing rate dry peder to

K05 oA 8 et Kl .
sl e LoD b Susnone S hnSet s 2 low

hol | ow fi r. menbr ane, bundl and t hereby, t he aerati on
EMPrapE %ilemgtretea ?lée botlowgEbsy m%gr@ﬁ/ bundgleg @re unevenly

RRGHSIEE S o A oSt o
SRR N
HRAARRE R sheBibaines o St et offiRe  nTpaties psily
SREHERR Ao hGuRin BBy i BPlLbR: BhePERaRORRssiAsh Fgvenly
T L N
lxibg Tafef REMe MRYE f <ifl MRTRLANSH oI B kfbdsedto the

Sut808 55k HEhBN6wWABEP mémbrane 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




up together with a reticulated insert into a rolled

drai nboard, and the ends, including that of the

insert, are fixed (Patent Docunent 2). It is also
proposed that an insert such as space yamis disposed
between hollow fiber nmenbranes in order to prevent

raw water fromdrifting in 5 the hollow fi ber

menbranes (Patent Docunent 3). However, in these

oy bogisthes iwith 4 heticulated inserpirtoeat rdikidnderinbberd, and the
hol | ow fi ber menbranes that exhibit a filtration

femdst inclpdige tisdtaki thg inketth arerfixedaResettyDacumemtea?)d It is
flow of air bubbles is inhibited to significantly

ddso qureposed: thatt Ancinseft sicleaar spacg fhor dsildisposed between
activated sludge and forei gn substances 10 to the
dul ki dilbdr membranesiin forder torpreventeraw vaiter framodrifting in
a di sadvantage. Patent Docunent 1: Japanese .

the ot ow dilren membyapes (Ratent Decimient8).on Hawvever, in these
2000- 157846 Patent Docunent 2: Japanese Unexam ned
maethedsapinice dhe insert issprespnt betwean the. halbbwHisg membranes
Docunent .3: Japanese Unexam ned Pat ent Application

rhat ﬁuﬂxblbﬁ Niratoen duncoon, the shakingpptthe snembsanes by an
present jinvention to proyvide a, nethod, of producing a
raward floyerofhairbub esuitdinthibited cton signafieantly glecrease the

hql.l ow fj.ber 20 nbr.anes are evenly di spgsed and

i Oéfﬁéﬁpefwgalg ﬂpﬁ@ﬁﬁiﬁ@wmd@w@g@ and forigm Subgances
Sol vi ng the Prabl.e 007].,The inventors haye . .
Jonthi cauiside @otlve bl e Sibgiamersbeanee dwndle, high is a
fpund that the above-nentioned probl ens can be sol ved
Bﬁsacg?lg?%‘bosi ng an insert inside a hollow fiber

VRt nBobtinert L PBHeeRy LR BiBRT (et 4 APblication
Publication No. 2000-157846

Patent Document 2: Japanese Unexamined Patent Application
Publication No. 06-35083

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 inside of the hollow fiber nenbrane bundle. Thus,

the present invention has been achieved. That is, the
present invention includes the follow ng aspects: (1)

A met hod of producing a hollow fiber nmenbrane bundl e
having a 5 fixed end, including placing an insert

inside a hollow fiber nenbrane bundle at a position
inner than a region to be fixed; fixing the ends of

tthe nsidewff ﬁme%oﬁemb rﬁsbm'smeanhranbebunglmvi "Hous,hthe present
insert fromthe inside of the hollow fiber nmenbrane
hnvehtion()s Peen rachiexedf Phetlis;ithg present amverition includes
menbrane bundle 10 according to aspect (1), wherein

tthe follosvinglaspeels: apparent density of 1 g/cnB or

| ess; (3). The nethod of producing a hollow fiber

r(d hex

pbA amethid of producingiarhpliowaberr membrangnbuadie haeing a
insert has an apparent density of 0.1 g/cnB or |ess;
1fxed, entlh éneldig) placipgcn énsest anside | hollppe fibes membyane
bundl e accordjng, to any of aspects (1) to (3),
virrdle ratt s positinsy inner thana regionntex be ified; (pying.the ends of

t hod of oduci ng a holl ow fi ber menprane hundl e
g@@ohglla@' %@beas@@mgvrenﬁ; aRarien FemOYmEthe ilgsertigam the
20 (6) The hod..of proquci ng a holl ow fi ber nenbrane
b‘@ﬁ’fﬂ%eo ﬂ@c&ﬁi?‘ﬁgt]b%“g@ﬁ&t@n?i’ﬁpdyﬁierei n the insert is
a . balloon inflated wwth a gas,and/ or liquid, (7)

R i gmediod; Sheadicing on) BRIROCABRS eI dundle
according to an aspects. (1) t 6), wherein the.
HEORIngoo SSek S2)oWhEreiag jhatrd Has dry APRRENT A5y of 1
po onal colum; (8) The nethod of producing a hollow
fg/lﬁé% (?Fz]ﬁﬁﬂane bundle 5

(3) The method of producing a hollow fiber membrane bundle
according to aspect (1), wherein the insert has an apparent density of 0.1
g./cm3 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
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according to any of aspects (1) to (6), wherein the
insert has a shape of which a cross-section

per pendi cular to the major axis is circular,

el li 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
ageaording to angrof adfpesspEltto (6) wheréd) thennsert Itag Ashape of
insert conprises a thernoplastic resin or rubber;
(shlichhe cmskadctionpperperidigular bl Ithe fidjer axdsbisirarcular,
bundl e according to any of aspects (1{ to (9),
weldipspidal her pehjigomal and Hasxa cigclehequivalentdliameter decreasing
t hrough- hol es on one side; (11) The met hod of
pfrotuthegenteh toward dhe er botiviof 2he ehds dlang thecmagivmaxisp

any of aspects (1) to (10), wherein a nenbrane filling
rﬁi/ e methed eof aproduming ahdwllove &ibgrf mgmbrane bundle
portiaon of the hollow fiber nenbranes is in the range
oacmrding) tgsanysof aspertsd)Hod(®i whereur ithe inseré|qomprises a
fi ber nenbrane_ bundl e having a fixed end, including
pﬂﬁ%ﬂ“@ﬂ%ﬁu¥ﬁ§€10rﬁ%bbﬁ@ an apparent density of 0.1

glcnB aor less inside a _hollow fibher nenbrane bundl e at
a(1¢bsiltheo e of ff&'ﬁd‘alcmggi&)rh@io\b’e fiheremembrangy bundle

o sty e e o5 B e Sl o e
R B B o s P,
o
P B and 37 OB SR i i ot
AR P B e
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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surroundi ng nmenber for the end fixing portion or an
external cylinder, in the nmethod of producing the

hol | ow fi ber nmenbrane bundl e having a fixed end
according to any of aspects (1) to (9); and (15) A

hol | ow fi ber nmenbrane filter el enment produced by the
nmethod 5 according to aspect (14). Effects of the

I nvention [0008] According to the nmethod of the
suezoamding ywemben fon the endviixingeportinmbr ancexterntilecylinder,

i ncl udi ng hol |l ow fi ber nenbranes evenly distributed
an theanethod ok pragusong ithe hollovh éibee anempranebundle hardng a
at a low 10 nenbrane filling rate. Furthernore, even

ifixadhend aseonding to Bayod] aspwctsfﬁlbée (Byendane bundl e has
through hol es _at one ends of the nenbranes, the

(b5 p iy thollow fiberemesabrans i ber element praduced by thaemethod
menbr bundl e, Consequently, the hollow fiber

rﬂéﬁ@l’%ﬁg tgaspeet 0. efficiently di scharge sl udge and
Q n nces_to t he outside of the 15 hollow fi ber
R AOGTE O 1 Midn it is used in a menbrane
10 é‘éﬁ‘%mr i intheomethied 6f the presens saventin, asallow fiber
ROFEDRS BERdI iR ew %ﬁ%%hﬁe&aﬂooogka%ﬁ& Haﬁnbpted
ot 0 Hethe, Birtien Gin thebstadie' Bretuckly e a'E low
Ao BiRRs Ukt °§§@8$Zﬂg§}m?%a'eﬁ$sé¥éﬁrﬁﬁ%ﬁ%ﬁ$ it e héfiow
2 BETLFHES hindl heS tiBtizhrifols b hRedlds df tﬁmem‘ﬂranes,
25 d f
i ttneititles e BT s5Plsed oS, B o, Of, e h fergfane
ia%diee T Ot ALYy, A "Hotlow ifber ! MOty BURAR %an

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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of the hollow fiber nenbrane filter elenent that is

used in external pressure filtration. The hol | ow

fiber menbrane filter element includes a hollow fiber
menbrane bundl e 1 conposed of a plurality of holl ow

fi ber nenbranes, an upper head 2, and a |lower ring 3.

The upper head 5 2 and the lower ring 3 serve as
surroundi ng nenbers for the end fixing portions and

f ok thechalbdwofiber meembeane fHter alement tlm isi msedy in external
portion 4. and the bottom fixing portion 5

r pesseare filirationnd Thechaltowdibesamembrane dilterelpmenidncludes

Iovver ri %3 is delimted by a partitjon plate _having
t &rhsl ersmembrangebundicel coneposesk ofvai plurality el chollow

f|X|ng portion 5 is 10 forned. |n_another
cBheomambemnesaan yppenhead &s andrblowier Finger The apper head
9 ADe OWaTTFIaE Br 67V hreb T HRding Taeimbegs Fongha s Bixin
?a&@n&&%si}% Rociths fall oWl et MsmpraRes ai °1énkubﬁg2$«§ﬁon 4
r

W&tﬁanr n %}rké %Efgqtaﬁo %ﬁﬁ'&@v ¥ndF B‘{? sqwawtﬁg to a
;&' ““’J" Y18¢ dwiending! T g4, doF ’a&&%aiﬁ&ﬂﬁnﬁbl& thaving
n@%v&ﬁ@{tﬂﬁé i QS%ﬁhm&e 'eaggatt whishitie ohd JhberperionsS is
Rt ”ganq;@reaiqx%{fﬁ @93?%3}@?%%3 lﬁ‘@er eW&n?%rl)?Pﬁg filter
ﬁs%#qxﬁa%@ftﬁﬁg%migg&%% trinf BRBPE dispRssd F e inder
WO MbrrbR el e ndt et £ el of ﬁ%"%ori%“%ber
DRRHARRR IS, |00 Ther monbr anes. ar e 2‘2”2522%
o
ST i Blethq Sprddykinke B8 iRy TR MRefitiah8 Flindle

Y f Bhe fHesEf@ I irtich, SRS fifcesiary 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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material, in this state. [0012] Exanples of the holl ow

fi ber menbranes used can include reverse osnosis

menbranes, ultrafiltration nmenbranes, and

mcrofiltrati on nenbranes. Any known material can be

used for the 5 hollow fiber nenbrane w thout

particular limtation, and exanples thereof include

pol ysul fones, pol yethersul fones, polyacrylonitriles,

paafenidldiasthipsetatet heri mi des, pol yani des,

pol yet her ket ones,  pol yet her et her ket ones, .
0012 s xamples, sify i halkae. fibpol membranby | ysed: ean, include

cellul ose, cel|ul ose acetate, polyvinylidene 10

fleygrsede, OPBP§ISt hymembrares, af mwéhratwrenenmpbrmr s, and
pol ytetrafl uoroethyl ene, and conposite materials

tmi¢redHiraiionimemhsaaes. aAmynknawa majerigl sanibemused for the
i ameter_ of 50 to 3000 .,pm and ap i nner _di,aneter/outer

gﬁl&h@t\'e fibes: memprapes withantsparticular Jiwitatign) yands @xamples

portion is fixed, for exanple,,

[ 0013].. The, epd fi xin ,
vﬁ%ﬁﬁe fmgmd} pelyisil fores, , pelyethersulfores;; i palyacrylonitriles,
matecial. In this descrjption, the casting terial
igoléflwi% f oPolpethergnides; xi npobysmmides, by Bgﬁmtﬁgrietones,
gﬁg/o fixi hol | ow fi ber qgr?nes to each other

YFQICTEIRe Ags, a two IRBYEWYIENS deni ng r BeI¥Propylene,
conpopent .or a .therno stic resi,n. The two liquid ..
RS ISR En IS BGOSR e PSRy r ROPTYyfidene
C oynds 20 havﬁnag{jactivit i s mxed and, usually,
UBAE i | ed POYRIIGHstREHuOeHdEDe "o o copolymers,
t.Wg- nent .castin esin and is, hardened after
RAlyirttyoiosttensahd simbose misails tetraf, Eyghermore,

| n ng . .when ;. used. | ent .
A ndtoblie BaRRE b (YOEE difihgtr 2" 45 FE B and an inner
r @si f in nt aiini NQ 4. S anate
Gkl Wt AR Y R TR I AR AR
i - C i-ng gani C und;i,;a .

d09351 /e Rt TBBRCBRHRYE 1B fix B OTOH PR With®8 fixing
material, such as 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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contai ni ng an epoxy group as a reactive group and a
curing agent containing an active hydrogen-contai ni ng
organi ¢ conpound or an organic acid anhydride; and a
silicone resin conposed of a vinyl group-containing
pol ysi | oxane and hydrosilyl group-containing 5

pol ysi | oxane. Furthernore, the thernoplastic resin
preferably has a nelting point |ower than that of the

pohjaining @ams tepouyi groumeashal reactiviei geouprearst aneusimg agent

physically and chemcally resistive to raw water to
lsentaining eah Wive hydregemgoataining wrganiveroosmpeusnd cor an
resins, such as _pol yurethanes, polyesters, .
esEsmich peich gnhyidides | gnd opysiticene aresinesemposed [ o B4]vinyl
In the nmethod for producing a hol]|ow fiber menbrane | |
igraupwontaining s cpelyssdoxene. smd i hydrasild agspup-epntaining
di spased for evenly distributing _ends of, the

ilgwaneny Fathermose, rihentheymonlastic resian prefesably has a
menpr anes, duyi ng the process, of producing the hollo
melsinghppistaleeven than ahatrat thﬁgmqynweﬁ@msiguvngaﬁleaﬁ'ollow

RO (AT 0 T—
b sl e RS B, i
N
B A0 RSt o B A W R e,
inserts.are mot . distorted. ln addition, when the. end..
ATt iSiSedy Thedgerds by PArsicdispased fREEYeny distfibuting
B ), AL L, O Bl SO
b il e pRSURNP RS I bbb [BEF nibeibrane
MR, " ThE ShapRielnEf DB AcpApt g8y 38 0 g/om” or
g%%;%%rgh@fi’%fﬁ@iﬁ)g p},}% %?%B o¥ 1805, B8 APRREpreferfblPd Yoe/em’
or less. Practically, an apparent density of 0.04 g/fcm’ is preferred.
[0015] At an apparent density of the insert of 1.0 g/cm’® 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/cm’ or less.

[0016] The apparent density of the insert is a value obtained by dividing

10
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the mass of the insert by its volunme. The vol une
herein is the interior volunme of a three-di nensiona
structure surrounded by planes tangent to the
out ernost surface of the insert. [0017] The insert is
preferably a hollow material. The hollow material 5
is a collective nane of those having a space inside
thereof. Specifically, the hollow material is a
ttheavass of e dmsert by ritscvoluene.i nThediolyme heteinl ipthe interior
and a space inside a structure fornmed of the solid
peolummof Ttthressdimensipnakstsecties sarronnded byrplanestangent to
w th the external space. Furthernore, the space may
gheutermpstiairface of thelidsettur al i ty of sub-spaces. The
space is filled with a gas and/or a ljiquid. [0018] .
14l able insertis preferehlyatheliow matenial. paheihnllow impaterial
limted, and exanples_thereof include tube, cage,
&l 1Bofolledtvg pamsusokttheseuhaying amd speseednside  thereof.
sfruclures. Fig. shows exanpl es of the_holl ow
esifigaly, htg*@i A@%@W ubteriak higp@ dhree-digensipapk. structure
15 preferred are_bal | oon

Aﬁ%ggﬂl}%iﬁg? gﬁgaiﬁ%omé iraalsgéﬁeaimslde Fastrugire fosmed of the
ol perity, TS Spacesal beraled ohani caBRURSEle Rufh the
e ftFGens: HUrhRERGE [ (PBGE ey e PREsERER dito 2
PTG LBt RRGgs: of 1 Spac P GG B b aBdtor & hquid.

DTGt Rt ot e bpfa iassriaf Roastasioilarht mied, and
(RableS " Bl dneh i e slieo BALIOCBol i fuuS SRGtures,
e SRhEL T FIE L shPRB PN aLes ot 168 NPT eBSiegials
Hoo B8 2P pORE b8 T e Tt T B DR e Mhterials,

'ﬁr@fér?éd 8 B3floot naterials and foam, which contain a gas and/or a

liquid inside thereof, having an apparent density of 0.1 g/cm’ 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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Is preferably a sphere, an ellipsoid, a cylinder, or a
pol ygonal colum. A shape having | ess angul ar

portions, for exanple, a sphere, an ellipsoid, or a
cylinder, has a |ow probability to damage the hol | ow
fiber nmenbranes and is therefore preferred. In

addition, it is preferable that 5 the insert partially
has a shape of which the cross-section perpendi cul ar

ti® proferablyoa sphiere,ian ellipsoidy a oylindesooral polygonal column.
pol ygonal and the circle-equivalent dianmeter is o
deshape bavingless hngulartpartivospfar example, alsphare fant ¢léipsoid,
ends, that is, a circular cone, a pyramd, a circular
oruac&ybodesohes arlawt prebahility pior slanegeartheaholope fiber
i ncluding such a shape and a 10 portion of a cylinder
onembrangsaand istherefarspreferped.t i buadditionritieprefgrable that
shape has, fqr exanple, a cone at one end of a

¢he ingeat patialliohas arshapg. of which the cress-sectiep rerpgpdicular
pyram d at one enq of, a yectangul a colum. The
&0 sthe pmajen @xishds | QWﬂf%erealﬁmﬁﬁKLﬂesmbdmb’gofl@bd@m@ the
achi eved, by setting the jnserts in a hollow fiber

sABI Vil diameter 18 dacreasepl fiom rtgw Gegtemtpwardkone or

BOER N dhe cdBe Uit CCHIRE et By Tapiich Aiulr truncated
SRie, Pre CURCHED FyEaRd, 60 Athaps. Ml diig Sus6ed shape and a
RN PR e ST, B e
LN AR SN P S Al s
TR AR B, T2, e i
SOTGERE AU o O RS R L
SRR e . DBV ARG o
5 "B’ hAlroWifiEU%hd 1faces 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. Examples of the material include
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wat er - sol ubl e i norganic salts of alkali netals or

al kaline-earth nmetals such as sodi um chl ori de,

pot assi um chl ori de, cal cium chloride, mnagnesium
chloride, sodiumnitrate, potassiumnitrate, cal cium
nitrate, magnesiumnitrate, sodiumsulfate, potassium
sul fate, magnesium 5 sul fate, sodi um phosphat e,

pot assi um phosphate, and sodium silicate;

varater-sodublel inarggaiv salt lofnalkalismetalasomalkadirterearth metals
oxi de and pol yvinyl pyrrolidone; and water-sol ubl e )
ofUshini as cwfgum]dg ,apotassium echlozideh, calcium chloride,
car boxymet hyl cel | ul ose, hydroxyethy| cel | ul ose, and
HREgBRSIpADL sﬁlmﬂa,qus@m miteate, petaskisiny nitrate, wadciom smdtrate,
a mxtyre of, 10 two Qr nore _thereof. In particular, a
doagnesumpniidrate, sodivme sitlfaten potassiumasidfateo| mggpesium
organi ¢ pol yner, and a conbination of_ a soluble_ starch
awg L @ atsh, geetessiuBmpbesphaten andosodiam rsilicate;
i nsert ving a | ow apparent density gnd_a relatively
AValermobvalsi Qreanic ersndughe ashaalysthylenes exidsal. and
Fur.t her nore, ..a water-sol uble jngert has an 15
REIMnYEYTRlidRAs; and vraler-soluble Herganifp wampgunds such as
di | Vi Lt with, for X l e, ter after
Sobale! ket o CrehpmmBeshyiesibioss, dirpeyeiiylcellulose, and
arficular, .s an ingert is yseful en the hol |l ow
IisspRipftrRetioffu dHese amiy deused aloe, pr asapigtire of
n external ,cylipder and. thereby, ,the insgrt is
et O a0t tigieof. ol BaTtionar o8 Sombination 2 arsolyiple starch
[ rt t erm ned cording to the | egngth. an
HRE ) walRoTP RS RERELA 2 Sombipfipll oF adpdluble
t 0§ fyi f t hr ough- hol nd_ot her . .
el Bl A WateR solle, REEHHE, OfnBRind St HiBide, An insert
r I f . nd. a
ifhE B0SY aiferes GEREHY, alla 4 FIRHLEL R R BARIA strength
j 5 I f
TRt PbRHrRAES PR X e BihE Hogy s an
H@tahgb%%[ ane 'tl?altgﬁl%' IRRHY c0 b’ Pithb0ed By BRsbVihE R 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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hol | ow fi ber nmenbrane bundle to be prepared. [0023] In
t he production nethod of the present invention, when a
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

bet ween the hol |l ow fi ber nenbranes at a position inner
than the end fixing portion-formng region. First,
hbollow fibeememebianerimmndleto beqprepated.i ng a hol | ow

fi ber nenbrane bundl e are prepared. The advantageous

ef0023] bf thaeproduction imethod of the paesentuinwdntion, when a
achi eved when the nenbrane filling rate of the holl ow
f phaality wf rholtewafiben snarobranesr acec borodi umeand: their ends are
end fixing portion_of the hollow fiber —menbrane
blixed evith, for example, x cesting gngterial, itdsmeseasaryctor place the
use the hollqw fiber nenbranes so as to satisfy this
nissrtabetwaen theghelew fibermembranescatia posittpn #inerithan the
nor referably iin the range of, 10 to 30%, [0024] The
derd-Sbung portiea- fmisg Teghen. nEinstdhellownfiber feembranes for
preferahly 15 30 to g 0 nm and nore preferably 100 to
geRnsHtinge aeigilow ; fibes 388 @up &edrer preparede  The
mepbrane filli r and prepare the hollow fiber .
Eeous efteds @ Predmtomvention, i partiawaryeaghieved
of .the, hollow fibgr.. menbrang bundle afi.er the fixin
oW heRhenmemarage Alling F3te oF the iwfll% igr memiranen sy the
mm 5] In this descrjpii.on, the nmenprane
(teiig 2 conel oty (4 nd, Fiibg, ool g the bollow fiber
Cr 0SS sect,i on,ar.e of e hol |l ow fiber .menbranes to
CRETTRRgE BGRIBIS 17 0% (reorinely, B HeIFENd thdse the
| how fdh ber nmenbrane bundl e at thg.inner .side. ~That
RO EInER o ERIPTRRRY 195, 85 oo sty i emiSiarg) ISR rate.
' ter _aof -hollow ficber memrane) 2 x /
<Tob R Bbri BERL rite st hortreishly BUMERTR 4F Lk 3bve.
o] 51 [ t I i . bun
400241 Thr Bekefil O GrdfoUNE B pbrallf BUbRE i BRefefubly
30 to 800 mm and more preferably 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 after 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 (/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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filling rate is adjusted to the above val ue, the
hol | ow fi ber nenbranes are prevented from uneven
di stribution, and a hollow fiber nmenbrane bundle
provided with appropriate intervals anong holl ow fi ber
menbranes can be obtained. It is preferable that one
ends of the 5 hollow fiber nmenbranes be occluded wth,
for exanple, an adhesive and be then divided into
fillingsnate isiadjusted befthe ebolve valses theé hoHowpfibert memboanes
the hollow fiber menbrane bundle. [0026] Then, the
are preventedi oot snevan distrdmition, amb gi helldy fibeposedbrane
near _the end at the through-holes side, if the
undleyhprovided arwithr @pptepriate] cintenyals samonigs kiolipws efiber
in the hollow fiber pmenprane bundle at a position
marabrangsn canebe coptamegherl ishprefesablexthaj pnetends of the
the e fixin portion-formng . region) is provided. .
Sﬂﬁ oy %cmecm ltaaa@Sd%ioppB*dqcf sth,t for exampie,oan radbesive
enq .fixing. portion can be deterpi ned based on the size
gndibes %@Mu;rleci H&ocﬁmsab-,ebwﬂq thefarrithe insergsdisposed

o B ekl 70 122 P
@1 Theb, Hic dfectt s ieparecso TS dopetiris dcstvablis isgpsed
et {1,687 ahitie BtnBbles sitlenif heohFEushels amarpvided.
BB i3 AR B s o S B o Sption
5 S a9 AR TPRGR 6E OR icin
PHLO e o % SBRA TR g i o
AR R Bha§A54055tAe bRM on the siz
A7 3By s o1, BBl ePof e Y ier
¥fibtadt?Bulglc* A B repr e tdbRRS fREGY. ©Spetifically, the
insert is preferably 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 distance 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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the size of the end fixing portion and the menbrane
filling rate at the interface of the end fixing
portion. For exanple, when the nenbrane filling rate
at the interface of the end fixing portion is 20% or
nore and the end fixing portion has a dianeter of 200
mm or | ess, the nunber of 5 the insert nay be one or
two. When the nenbrane filling rate is 20% or nore

thei sizecofi thgrendr fixbnge pdti@ @Gndnthet membwaner filing hate at the
insert is preferably in the range of two to four.
itenfach e frtheterah Exing ipontjonat &Foriexaseple; wherethamhenebrane
t han 20% and the end fixing portion has a dianmeter of
fidingwater atl thesinterfacerofithe end fixingi porsion ised0%con mereand
10 three., When the nenbrane filling rate is 5% or nore
theiend fixingportinnohama diametnraof200 rancoe irsspthe pumber of
the nunber of the insert is preferably in_the range 0
the infesomay ke ene[arotya). Wehen fthe membranss fillieg ratecis:20%
is one, the insert is preferably pagsitioned as clpse |,
PF ke andiibe dAmeres exteers 200 pyBs the aumbes; of the insert is
pluralities of inserts are.used,_the jnserts are,...
BrefeEablyip the pBEe T 6WOr 6 50U i Whea the TecmPpesien fllipg rate
direction of th nbrane, bundl &, .or theg inserts
1% SSocot MopRs1ang 12oF (thah A0VnandeHia ndi fsias Poraen; has 2
nbr ane. 29] Wien through-hol es.are.provided,to
TG PP HBIm st e. BEMAR L HESorh 0% bectwo or
| SpOsS at lLeast to the,end fixin rtion-form
HuRon Wheh e Mestigrngofilinag gat® 1 STar PoRe g Joks han
ion, at the side not, haxing thg through-heles .y, .
D% cititBe, iamelSeriiadso2ih b, e MLRASEE A 1RS, M5 is
ordign-f.ormng reqi-gn. I.n such a case, this fixing
Bikerahly B renbS BE Bilas dstr f et To even y
i j e the hol{ow fi ber. 2 Ngs. : .
Fod21 Whén 1HE PARpbY o B R OnEo e, idBrfid Bitterably
BBSHord’ bl Uoft th"thd"HLRIA" 5 WMAbindtd bE HHHDES AWhen
pluralities 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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advant age that sludge at this portion can be nore
effectively exfoliated. [0030] The insert is
desirably di sposed between the hollow fiber nenbranes
on a casting jig. On this occasion, it is better to
previously set menbers for forming the end fixing
portion with a casting material, 5 which ihs desErlbed
bel ow, on the casting jig for inproving the working
adyantaga dhatsludge et ey postiancgnbemore effestivelx Bng)gila].ted.
j-on.in.the hollow fjber. mnenbrane bundle. [0031
ﬁiéi@e&hﬁr@?s% 15r desirablyr shspesads hgtweenethe nhollew fiber
hol Igw fi ber rmepbrane bund| e, through-ho]e-formng,
Plenabeangs jonsa casiing jig: hOrtaiopccaston, it isbettertor presriously
he insert at, the side

SFoRe RS A Sarghies e fxing RSbenARth alkesing matesil,
FABCH BB bl o018 8853 By i sonin
EfriciBa heahbefi Tosiined bever Rd Fodns mortiogrinhedollow
85 Bl B R ARIE 2o ac or 5 o 20 mm | onger than

(0P chhFrBO bty §8 ol Suglirnalf T the Bollcay iber
HepSRerhadl OPnER TR IBrGiER e e insect iy e an of
145 SOURY (B niritiarer bRgiS PeBhinie Sheinseft'ar RS side
FARRERSS Bl B B e B SBpul s hkA% o
R T ped disp el B RRE 4L hEER, e BRIRH:o'on. vl be
G e R e e R
e DR IR ERer Pheficd Brosgificer A, The
TeRigthsldf the through-hole-forming pins are preferably 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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cross-section area of the end fixing portion and the

equi val ent dianeter of the through-holes and is
preferably within the range of about 2 to 300, nore
preferably 5 to 100, and nost preferably 10 to 60. It

is desirable to adjust the equival ent dianeter and

t he nunber of the through-holes 5 based on the total
openi ng area of the through-holes, i.e., (equivalent
derpsstsection amaafdherendfizing pontion @ndrtherequfivalent diameter

t hrqugh-hol e), and the apmount of air to be
i At ?}tﬁg&‘@@ughfludgspnd is poeferably withimthe range of about 2 to 300,

| FSGE RRLATADDh (e ,%a%ﬁ@orgﬁéife?fgﬁ’é‘&;rﬁ ﬁgsﬁééifxlg riﬁackilegigable
These. 10 resin bars may be one that is generally use
i IR T e i) n e
reduci the amount of 15 a casting material are
i?@gppggfagﬁﬁ’ %nq{‘?fgl Fative positions of the

(O30 o, HERR i g5 s RO ugbrhol foide IR, depihoars are
BB I8 a0 B R b s
AR Y, s A Ll R e hE B amourt of
b1 esting BiatefiBfo r e, Mstfbh "o i ieslt P lepticto, the
e 1710 MOMAE 0P AR B cvny
(PRiell”) oy, BB N AR dpeon RS oMt  the
‘;ﬂgg(?ﬁ ! Sé—?éﬁnﬂ@ﬂir% and'thd FEREH BarPfor' AuBIHP 1R Snblt of
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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be determ ned based on the length of the region of the
end fixing portion and is preferably 30 to 95% of the
| ength of the region of the end fixing portion and
nore preferably 50 to 90% The dianeter is preferably
5to 30 mm The nunber of the resin bars to be
inserted can 5 be determ ned based on the | ength and
the dianmeter of the hollow fiber nenbrane bundle, the

adetemninest bared rassitheblength 0id the regiomafoihe @nd fixing
preferably 5 to 100. The resin bars are inserted,
pomiany and is referabliuddecioe R Valof the dengthn obfthe ireginal odithe
fi ber ,menbrane bundle. Then, the end is fixed by, .
e diving pewics epdnmere prefasablyh§0ntn O0%os i dde dipgneter is
RHRRATABR St iongh) mBmb s Mamber &% (Basesincpavate bednseled can
bR el GBS B e f 45 B G% e
SRR A i it 3RS B an e s an

nmb ' ia.
1 DECleTat Serenidl, “Abe" EeiAnhES Aedasdied Febicimghe
SipEBEsbiis) MeBabh R e SR Bbet DoertBEls BSRdec
ERGRchE HEIBRES 5 el bR i BRI BOUBSY er
S8, ST ARG 15,5, LU,
ey SRE 44, e i ol rg FrBbE DR en, fixing

o . ‘L
st S S, Bl s e AR Sl e
AR S0l SR Al Al s
B R bRk "HIRaRiAE e UG3] ) BRI v
FeMBdrs UaRh A% $arRNefda SHRL! CI8Rledt, " Jof xadiblel dnembers

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 hollow
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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wherein a casting material is injected by hydraulic

head difference or pressure of a punp. Anong them

the centrifugal nolding nethod, which can conduct

uni forminjection between hollow fiber nenbranes, is

therefore nore preferred. In the case that the fixing

portion is 5 fornmed by the centrifugal nolding nethod,

it.is.nmore preferabl.e that, an . insert having an,

ayperein @ gayiing yagerigl is dnjseted by) bxér cubead difference or
[ ensity of Q.1 g/c or les

N e
e T -
S5 o 35, 1 AR 8 A0S Forion i
A o R R AL o 8
e e TR BB A B0 SHRE 3B 1 845 o
e e Aol R 4 DR, 8155 e o

R SR RS B o
S a0y A0 U0 o B0 L e of e

R, anes curve moderately toward the

IRUSST /Sl MR N, e, R0t IR QEAGE,  "TBPR ohe e is
RS T (B PRolon it Ml dle IRART I (B8, inser
o R o uiert By VBl et

isdharg® BHft §IadgBAnd théhSubsthheys Hgﬁﬁgzgﬁﬁﬁ&‘ﬂ ProkEssing.

this sTate. Furthernore, the state
The insert may be removed by picking up the hollow 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




10

15

20

25

evenly distributed hollow fi ber nenbranes can be
readily retained by inserting, for exanple,

t hrough- hol e-form ng pins or resin bars for reducing
the anbunt of a casting material in the end fixing
portion-form ng region of the hollow fiber nmenbrane
bundle. In 5 addition, the evenness can be further

i mproved, by finely controlling_ the distribution of

t g¥enky disiributesk hollawr fibes mombmanesaganibe reasily sefained by
[0037], In the hollow fiber nenbrane, bundl e obtai ned by
t Hasertingy dopeevampled through<oleferming quinsi gerresin bars for
rren:franes re evenly 1idi stributed at t'hf end fi xiaa .
pErduang the a@meunthef ob castipecmatgrpl yin 1thehend fixing
follows:, [0038] First,.the digtribytion is
cﬁam{?{rmg i58210M Of ﬁge ngﬁﬁewn erj memprang dundle, In

£ Ccrpss-section oget e.end fixin gotiéi on is

¢ r

%@ﬁﬁm € EVEHNESS, GaTY T improyed by inelycontrolling the
CEERBLERR ot the Rol Sy A memBraR O Thssway S LBRTrtAh.

oGl e BoRE%T Her erbebrae CPundlelcablalibd by the
< A HeSirtbed brideehanber hollB) Abet “FierfirapeSoae (gventy
TaBibfted LI Yoot Py orighy o ¥, UsBikbncis’ shéifically
AR orent T s described i th reference to

¢ 19038, Flrsf; i R Blon, 75 o BficPfl et 36€, Blompprane
E ﬁgﬁﬁg o féiti'&gatptﬁf'etérBQ%sr {;ﬁc?ﬁ of thé %ﬁﬁeﬁxi.l?iﬁgf%@no?xz@%ﬁﬂjn a

enter of this Irnterface i s drawn.

ot TR 3 e R LA RERSRSCABE A e

many portions

gghrg{?ﬁgh%m@‘}ﬁe&%r&‘i’é %t the- enld $:66p! Hortlor) Swhen the cross
section is divided into segments with straight lines that are orthogonal to
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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divided into three with lines (perpendicular |ines)
orthogonal to the <center line to divide the cross
section into three segments. The points where these
per pendi cul ar lines intersect with the periphery of
the end fixing portion are denoted by Yl, Z1, Y2, and
, and the points where 5 the center line intersects
end fixin rtipn are . denoted

Z2
@3?@% o Eﬁr?/eesz% ipess (porpendisalay lies) sathosra) or the
t he nd fixin ortion passing,through the poi P1 ,
cender Hpe tpdivide the pross ’plﬁgd%gg ESctREEnents, e points
VBB e caeTpentlivaldin ins iatsssess stk (b ypertphery of the end
EECBRD BIF SPROSB3pia 7 or Y 2 etais: Fd s B vbre
8 Srrdr 101 Toemests "B et b the el findcportion. are
GERIRR Y, i e 1L, Beoh T SinARN, B, 52 prPhery of the
ot i PR BEp OB bR RO &1 %8 ReChind Nz is
Kol ang seathe S o ATCR RIS by Y1, Y2, FOZE dnd
SETRATCtYof 1RE oD Sl BO L g foe ey 8iefined
' Sl B 8000 saG68fedhy b dferfiii Bt iy nd
At pPEEO PRNHE i MnECoS RO, i MEPEE' P2 s
Ao B0 TSR AR G| CAICUARd Hoak MR SERMRIT A4, Br apd C
FEARed BY SACSERARANG: resBcMelDE L The, 2fvas sontspondine
P SRS es PSSR AER S alk, PRAUME, fim the
diRRLnERtidhREC Bt HrBa. Tiuritsd Mi@befs A2the hollow 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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cross section obtained by cutting the end fixing
portion along the central axis is observed, 90% or
nore of the hollow fiber nenbranes are fixed
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 O 5 to 100.

[0041] As descrjbed above, in the hollow fiber
HEFRSB AeEtia0 Rhtained Aytting theeend fixing portépn alang tepeentral

are. secuyrel 0 d betwee h ol | ow fi ber,
n%rlérfg%ﬁer%r Q. mQrg &}éiisﬁwl wiberupsmbranes are fixed
har dl y .accunul at and al so sl udge and qt he
SaPRIC el Raralle) o eapl other R Anle cah Ooto A tg the
exf ol j.ate , fTaor _ exanpl e,. backwashjng. anpl es

BBl iOha ¥ ceniyal BE e Ly Ldnt $orang Firs dreferably 0
descré bed bel ow, but the present invention is not
Iﬁ%iped thereto. [0043] Exanple 1 15 Afilter el enment

oA AR, BeSGub) aPoNEh BT BOUAYY cher. heirats, bundie

36 R B TR, S ] Ronwocn e
SO B2 T, S5 e Htances
SR Rl S H iR
SRR kP Ul TR S

Sfx gswas inmmersed in water such that air trap was
n d in the bag. The buoyant force when 25 the

R SRR 6l 5 O Y B o, b
BR8N PHR¥ARbN 8 1ot 1iiHed Merefo’

[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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density of the inmmersing water. Separately, the vol une

B of the imersed pol yethylene bag was simlarly

cal cul ated. The volune of the insert was determ ned

by subtracting the volume B fromthe volune A 5

[0045] Afilter elenment including a hollow fiber

nmenbr ane bundl e, which has an end fixed using the

above-described insert as follows, was _ produced. FiP.

densitys afothe gmumersing gwatar: | | Separatelyig the valume 3 of the

formng,a fixjng portion. Hol|ow fiher nepbranes used

mm@rsgbpolthylgﬂnwbagi eves simyarlyecairulated.| ¢ Theiwlume of
menpr anes, each having a,10 nj crgpore di ageter of O.

the 1psedavay detesmined by subtragiing thedvelyme Brtomifaewplime

;ﬁ 0.6 nmm A nenber that was used for fixing a hollow
tber menbrane bundle to forma filter el enment

A
AR B EA AP Wl e
SRARRE ST 5§D b OBl e o

e Bt G APRaR nFsl|<BY caberfRembrasts fvsth Yerg 3300
B8y e, TR, M SRR B 05008, g
45 a5 L5, SRR L2 B, and
ek st BN eS8y TRERLRF A8 SRl dndeCter, fpipe o
hfom, G0RF Refilifhe FARIST 28r8 o GRH, Wbkt iddRded.an
RFEeR 2 BevECH S Bicdieuf e L3S P B A BellEB 70
0 Carla foWeP%irdg %' RAVAY bhOfnef diameter of 140 mm and a

height of 88 mm that were connected with two pipes (not shown)

=t

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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for fixing the upper head 2 at one end, and a

ring-fixing portion for fixing the lower ring 3 at

the other end. The bundl e-receiving portion, the

head-fi xi ng portion, and the ring-fixing portion were

integrated with a base plate. 5 [0047] First, the

hol | ow portions of the hollow fiber nenbranes were

occl uded Qﬁ 5 nmmfromthe ends of the hollow fiber

fixing thedjppasnheadh@ appme erddand aning-fizing mertion for

npranes were divided into unpound three bunches .

eH¥g the lawenringod ahthe otherendzachhe byvadle-weeeiving portion,

inserted jnto a porous_plate 9 _having a di ameter of .

1the ﬁwcgﬁmg ie8, #adl dae wingnfixing peetien were sategigted with

an% the porous plate 9 was put in the upper head 2.

[ BD28F n, the hollow fiber nmenbranes were divided

| BT Firat e i Gvrportisuec e e,y ke mybrages were
in the lower _rin ang then theg jnsert 10 15 was
beclided "R shthfom e erds BEdhe, Ballode fisAqmbranes
g|%§ﬁgg hg"xee ihnsgt (1:2 %@iéﬁl sqgsed Is%ch tf}at an 'encfld'
R B (L B i e
SPRBbERE e Bimehis eaith naliilihen 11 08 tnpmbined, o -Bagh, bunch
S insehe i 4 BoroBoB RS BNk Qieder ol S 38R and
PRI bt S8 o ahd3RE porpils BERED s put in
tﬁ%uﬁﬂe&rd[%g side of the hollow fiber menbranes

were e lower ring. Furthernore, as shown in
1004, FhEp! MEBURBIBS Srhek ot Syeef ARG o “owo
¢ RIS Sietr g TR I b iaes ¥ the 68y 1" ' Ole'dY the
t By WAk SorfRAAIR sk ir? MV wEF Pitgd$ dand 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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to the lower ring. The through-hol e-form ng pins were

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

side of the hollow fiber nenbrane bundle horizontally

di sposed. [0049] Then, the hollow fiber menbrane

bundl e set to the upper head 2 5 and the lower ring 3

was fixed to the casting jig (not shown). On this

occasi on, the circunference of the_ hollow fiber
nibRenloswver tiagindi Fge threughhole-faamingy pingd Weten inserted

cl ot and the hol]ow fiber nenbrane bundle was fi xe

rqne-BE-ongs fiom theg{qmm sigepta theywpper ride @fdhg. hallow fber

Ca%ﬁv'fb”rgnébupg?éb?ﬁt@,aéfalﬁgﬁem 4o pots 11 ol aced on
05T "then, 12 ol fiiks raemiwne RundIs.eat toi g upperead 2
SRR S\ 00 388 ok i B cOn
carioss e Riigugt E?rftﬁ%gfaf Q{ee%él.l% o embrgies susmppning
¢ st s gV P&g{ Fabyg, ti difow  ithe” membrane
i ﬁ\?%%ﬁff&eﬁ? e &@ﬁf’lﬁg?ﬂé e 31‘% off s gloth. This
EASiBdig ks B8 ro B 3RAERRGS oot R Gion P038D: ang
{0867 ithie” ﬁ@&%‘#‘gﬁ?*m#&%@ B %ﬁgﬁnﬁ%  Ridine rack,
T Y
il i SNl 1.3 M o
Aonar BERGge t‘ﬁéﬂﬁéﬂp&ﬂngﬁ WP sty RPmpdtierf IRt F6E, | Then,
YRE ce W?ﬁ{ﬁfmﬂg é%l? WY Rafda! Atrdt R 1 TR AR Spply a

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

After 90 minutes, the rotation was stopped, and the éasting 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 cufting 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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the insert in the hollow fiber nenbrane bundle 1 was
renmoved by picking up the hollow fiber nenbranes by
hands. The through-hole-formng pins 8 in the | ower

ring were drawn out. In the fixing portion 5 at the

| ower ring, through-holes 6 having a dianeter of 5 11
mm were formed. [0052] As a result, a filter el enent
having two ends fixed with a casting material and

ithel insentg im dheohoHowe fibernmembranen gundlm lwwashremeved by
circunferences of the both ends were fixed to the
upiekingiearp 2 thad holdow ofiberr i mgnabranespeby i vieands. was The
obtai ned. The effective |length of the 10 filtration
gbroughrhele-fermning pinn8 dnithedovedr ing were drawmegut. In the
portion 4,at the upper head_ and the_ end fixing |,
pﬁmgonomcm Statdhe dower ringy theeughvdolesp havieg eedismeater of
g&fa was 25 nm2, and a hollow fiber nmenbrane filling

r bk Emgyerefo fixing portion of the lower ring was

B R T L 3 v
TatariAL: fo RidingcRoliow, Ribarrebias, bundle iowbigh the
A P )51
LSO, BB o, TS THBREARE 0o e
B SR80, A AP BERL GE
T e ind e S SGHE HorftBh < pOMES N Ak FaA0q mm,
Jbe JFBIp e B &As TR, oG BolBoaBer BisumbrepS B rate
25 1Y e ERE portioRCo PR oS AR of o0 5 e

{00559 CLrdfil Dbsetvatidn of the hollow fiber membrane bundle

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
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
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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addition, a water-collecting cap 19 for connecting a
filtered water piping was attached to the upper head.
The water-collecting cap 19 was 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 nmenbrane filtration flux of 0.6 nB/n2 nenbrane _ |
saddditiony a witet-eollecting capdl 9 femconnectimgaa fifteredisvater piping
inlet tube 17 at a rate of 6 NnB/hr. The fed air

vwhs aattathedc to Hbel vpper ihead. mrebbe awateniaollegting cap 19 was
di ssi pation near the end fixjing portion 5 at the_10

| camneciehito sheel filiered water pépimgpot showmrangd wasefixed to the
hol | ow fi ber nenbrane bundle. It was confirned that
ttaskai r sufficiently agitated the water surrounding

the hal l ow fi ber nenbranes. [0Q56] Furthernore, this
HA058) $ugdion néatien fwas econdy URBE iameHeken; pump
an activated- sl udge tank so that a filtyation.test S
camesied 1e thefilteied W aler-PiniRs @t aqawméram mm”%?ux of

L BamE bt Bembrang hevaiay. Lale A fed R U aeraion gas
oler e 17 e Ep et b1 m B o Eng dF i afied ealh hollow
50 e s S0 R 4 o SR ot 5 e
ﬁ%the transmenbr an Qre sure was -15 to -Z&kPa f\nd ’
wel; IH1% mﬁrfsaf offh R g of pihe; JigIfoW}, fiber
SS ' . ]
i‘%%%%ﬁagbmﬁlﬁy £ gﬁw&r&%ﬁ%ﬁé@%ﬁ?ﬁ? @%dgﬁﬁf@g@l%?iﬂawd
0571, A ' i '
R shiloendg ﬂnéé%ﬁ&ﬁbﬁﬂ%ei‘f#r%?feﬁ& | iw“g “ber
2 T ' 1
Eted gl s ol FRE B B aHE VBB ejempnt wes

Wehdksedth an activated-sludge tank so that a filtration test was carried

out. Urban wastewater having an average BOD level of 150 mg/L 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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of the wet hollow fiber nmenbrane filter elenent before
the filtration test fromthe wet weight of the holl ow
fiber menbrane filter element after the filtration
test. [0058] Furthernore, the cross section of the end
fixing portion of the 5 hollow fiber nenbrane bundle
was observed as follows: First, the end fixing
portion 4 of the hollow fiber menbrane bundle at the

ofiberwoehéllowebatmembragetfiltert elefremt befotentheofiltration test
direction and was observed the casting nmateri al

feomstie weetweight ofethedhdlbowf fiber meenbrameefilten el¢émenndfter
fixing portion 4 of each cross section. The casting
thetfdtiaglonwest. 10 observed in all cross sections, and

no defect was found. [0059] Then, the hollow fiber
[0058] dhathemdore, the wrosswecetianitofrtherend Hixihgvportionngf the
and the |lower ring was drawn out. The free ends of the
holldwfibérbrremibraine amersdlei wesl observed asfellowsn §ivsty the end
pl ucked out and renoved, and the distribution of the
ficinigoportioned ofethbrholbowifibarmenthrans bundle gt gae upper head
was observed. First, a positional relatign between the
whs eguialliyotets intodfaureih the @uis idivactionnbnd nwes ehserved the
visual ly observed. Al of the through-holes 6 wgar%1
mastingrmateridl qwesers beswiesw the hollowndther snembuaaesin the end
Furthernmore, the ends of the hollow fiber . menbrane

fiusing postient 4bef weash gresoisechient hr bagreasbings ngatepigl was
bssevdhimpHlness sactianio and et 4aieet BESANTENd 1 xi ng

V508 T, 6 hollownber MeGOREEE: B &icOlHEIS sge i near
S oo A e ST 0SSP B LR s of e
SO B S SRR S8, S 088 LA G Pane
Iyrfr:]%gg{f%ﬂsagf R Iei a%n%gltlt?oﬁ 'of the ri‘loileo%vmnf{germr%gmco%ﬁgsl i ﬁge' 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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expl anatory drawi ng thereof. [0061] First, a center
line was drawn that passes through a point P1 of the
| ower ring fixing portion placed at the | ower side
when the centrifugal nolding was carried out and
passes through the center O of 5 the Iower ring. The
point that the center line intersected the periphery
of the lower ring fixing portion was defined as a

pexplanRibryAlraiviag Whereofr awn t hat passed through the
point QL 47 mmapart fromthe point P1L and was

pﬁlOﬁ%lr]dFi;rst,a cemtet limecwas efraivinnthat Passeothrosghta pointhP1 of
this 'perpendicular line intersected the periphery of

tthe llower ringg fixingnpottiomoplaced wertheddoweedside when the
points Y1 and Z1. A line was drawn that passed

t bermtrifhgahmalding wag otfriedhapiaand passesttheoygh the pentend of
was perpendicular to the center |ine. The points at,
wilieclowén singer dehedpoirtdhat theneentar dinecintensectied the periphery
peri phery of the |lower ring fixing portion were .
defithe tower ﬁn@ﬁmngZPaﬂmMWasMengatgas awpoiotiRded Myline was
the periphery of 15 the lower ring fixing pagrtion .
pdeasvn ghatpassed thheuglvile ppInt£Qd 4 heum; apart Womithgpoint P1
defined as a segnent A._A region, surrounded by the | .
pand pwes yperpendisulanto the n@efgﬁ&ilmﬁ pothe gpoints b which this
peri phery of the,6 lower ring fixing portion Zl-722, t )

| pependicular dine dntersecied \the zpesipheryq of theqlewen ring tPleXmg

segnent B. A region surrounded by e perj,phery of the
2DOTERR rWesen genotednas meintso |84 kﬁ-t h’iohgﬁ W%% Wy that

e oahie ot 12 Do A e BAPOHR o vas
N
O s o A AR were
TR R BT Y2 b2 RS ol e ey of
the lower ring fixing portion passing 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-Z2 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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t hrough-hole or a hollow fiber nenbrane |ay astride

two of the segnents, they were divided proportionally
according to the area ratio of the segnents where it

| ay. The nenbrane filling rate ratios, [FA/ FB] and
[FA/FC], of the segnents A B, and C were cal cul ated

by 5 the follow ng expressions: [0062] [FA/ FB] =
(MAVSA) / (MB/SB), and [FA/FC] = (MY SA) / (MJSC).
thfoAldiBholeésorl .20, hodlvw [ fibeFGnemlsrahel lay cadfle Thwo, ofhéhe
end Tixing portion at the lower ring of the hollow .
seightonts,1theyewereudévided dhrepoationally sicoordingetocthe arda ratio
axis, and the cross section was observed. N nety per,
ofetite osegmemtsoivhicre Holdyow fTHee membvane eflling: rrate | sagios,
approximately parallel to each other at an angle of 0

[FA/FB]tand {RA/BC] cof thensegments Ael,rand Exwere calpslated by
Exanple 2 15 A filter el enment having hollow fiber

the follamang exgpressiers: pr oduced by centrifugal nol di ng
using a commercially avail abl e rubber ball oon
[O%Qit[F(A/EB]fF Mhﬁ(ﬁﬁ@ﬁl amfe insert had a

%yl i ndrical shape havin an outer diameter of 70 mMm
[FAGC = (WhA{FAY (BBD'SG). and a  hemi spherical shape
with an outer dianeter of 70 nm at the opposite 20
[FAEB) wasd .¢and BALE I was 1.he apparent density of
the insert was 0.02 g/cnB8. Th ppar ent densi was
[0663] i lzesy the end @wmlpne&tc@sﬁowqmn& RE B hiHEW Gber
measured by directly i rging the insert..in water .
menHyane hymdie vaaspgmy@% é}%gw&ﬁ ?ééeeﬂid/&ﬁmr?%% section
el enent having. hol | ow fi ber menbrane .bundl e..was 2

Wb @0ERTods NINERk EF Sent % PRy o4 Bhe R TbgtomeAyapes
could b significantly. easily drawn qut frqmt o
Wi s pBronsiF B paalichi ol ot &t afgdlE'of Fto 10° to
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/em’. 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 bundie was
produced as in Example 1 using this insert. The insert could be

significantly easily drawn out from the hollow fiber membrane bundles
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by deflating the insert for reducing the volune and

then taking it out. Careful observation of the holl ow

fi ber menbrane bundl e confirmed no defect in the

hol | ow fi ber nmenbranes after the drawi ng out of the
insert. In addition, no trace of the insert dented in
the end fixing portion was 5 found. [0066] Then, the
resulting filter element was aerated in water as in
Exarddffating el ifideet f@meéduciﬁg thé vdlanteandahen taking it out.
observed. The fed air vibrated each hollow fiber

meyabé fab @bsetation of e hellownfibenmembmeanersuridleiconfirmed no
portion at the |Iower ring and noved to the upper

pdefacoin e hbllohefibet hmembidnes afterithe ceatwimgi bt of thevrssert.
confirmed that the air sufficiently agitated the

wi eddition,onmdiace ofthehimsestwdéntedr innthebemd dixihgrpiréion was
[0067] Furthernore, the cross section of the end

f fourmdy portion of the hollow fiber menbrane bundl e

was observed as follows: First, the end 15 fixing )
pp0A6GInThen;s thdaesplting Hidter elamenjuwiasyaerated wm owhterr as in
in the axis direction and was observed the casting
nkixample lpranskthte tenditionstofethenmemiwanep sverahsenyet  The
inthe end fixing portion 4 of each cross sectiaqn. .

Thed @asmbrgtﬂtheéan dollexx forremesabrameamithoug glissipation near
sections, .and no defect was found. 20 [Q068] Then, as,

i theeradhfixing partiendatshei lower sing andraowed (te ihe jupper portion

menbranes in the end fixing prtion was observed. .
Fof ¢he hollwwi fibemmempeang Pundiser Wbewas rﬁ:@n%nnedd that the air

t hr Qqugh- hol es and the hol | ow fi ber ranes S
vsggfgmpytqrs eatajed) theywatsr suFOUNGIRE Sﬁgﬁm‘i‘&w dbgr membrane
p esag inside the hollow fiber nenbrane bundl e.
FOBHRAS-nore, the ends of the hollow 25 fiber

A eEbs P e nons e Eba et il BRI GRS of e

p%%ilio%]ﬁ or mdén\{ iga%% ‘ti)lrfrtufle us;azls 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
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three segnents, and the proportion of the nenbrane
filling rate in each segnment was cal cul ated. [FA/ FB]
was 1.1, and [FA/FC] was 1.0. [0070] Then, the end
fixing portion at the lower ring of the hollow fiber
menbr ane bundl e was cut along the central axis, and
the interface was 5 observed. Ninety per cent or nore
of the hollow fiber nenbranes were fixed

afhive© e gmictts, ) the proportiendlf thehaentirane flligeratd i) each

to 10 to the direction of the central axis. [0071 ]
et Wad chldulatede! F2oFBiavand. Ihanddl AR was 1.0.

menbr ane bundl e was produced by 10 static nol ding
uf00WP]aTheh.ythererid fiking portiomaethe loswerming of lthe hotlowviiber
in Fig. 2-g. [0072] The insert was shaped froma
poieywbrayke mindleiwias pubalorngmthiengentralt axiskard thefinterfane was
and each face was closed to have no opening. The

i olsservedhad Ninetn poen asentgorn more: of athec hoHews diheromembrtanes
an outer dianmeter 15 of 20 nmand a cylindrical

pweré¢ fixedapproximately paralled teteach othersatran angle of 0 to 10° to
length of 700 mm The entire length of the insert was
sthe dinectiorhef thpeentral algssi ty of the insert was 0.35

g/ cnB. The apparent density was determined as in
EhdleExampdept that the vol une was neasured by
directly imrersing the insert in water wthout use of

aA filtey,Bleyrentyhasing bedlow dibez membranabundlewas preduced by

and conpopents_ for a_hollow fiber, menbrane filter 3
estatispnolding using arPOéywa ph[pl]l&;nw@rﬁ hevingd.shape shown in

\Iﬁe casting jig was erected such that the upper head
12.1%8at ed downsi de, and the casting material cup of

nlRgH15The dpsert Vs Aiamed fipge & aiswuDa, Slarideplate bevine 2
?&égkﬁ%r&% é&%l’, \;ﬁg"éi - a%e%fvast c osleii%it{jav%rr% %%Qﬁjng_ 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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fed. Then, the resin m xture was injected in the upper
head over 5 mnutes by pressurizing the cast materi al
pot 11 with air and then was left for 120 m nutes.

After that, as in Exanple 1, a filter elenment having
hol | ow fi ber menbrane bundle with a fixed end was
produced. 5 [0074] Then, the whole, including the
casting jig, was inverted, and the |ower ring side

e bandadthd heswraiikftenasinjéctedtinatie uppet dead over 5
ring were connected with an injection hose. In the
BiglteObyRiresdurizing the Ihst aaterialipet dfl twith hircaridithen was
ur et hane” resi n conponent was fed, Then, the resin

tefxtforel D@ smimitest e\ fier thu, fasxim Exzmpleod; faofiltergelement
region of 10 the lower ring over 5 mnutes by
haeiguhodongfibbemensbramettrmidie with a fixedwend waisrpraduced.
then was left for 120 mnutes. [0075] Careful

P06 P4 ) Tthienn ths wiode himchudingithe rcasting jimevasiiniested, and the
confirmed no defect in the hollow fiber nenbranes

dwer ring siteawasgbonded. of Thaecastingr mateninlapat andrtherewer
trace of the insert dented in the end 15 fixing |
pimg vere cennécteddvith amrigjectiomhosthe Eethe eastipg matesial pot
el ement was aerated in water as in Exanple 1, and the
ddpai mixtuse off tvie Liguid naethangaesinopempanent was feded Then,
air vibrated each hollow fiber nenbrane w thout )

tihe sesiat ioxture avas dnjectad in ithe {ixipgr pedieonaoronag) meien of
ri ng and noved to the upper portion 20 of the hol.l fw
the dower ringeyep nmisutest byprewsairzingdhe agt maierial pot 11
sufficiently agitat (} the water surrounding the holl ow
Wlﬂéﬂlrn@lfbﬂlﬁﬂewaﬁwﬁl ar 120@nutesr t her nore, the cross

B DR Aot 3, 85 LLSoR! 85 SRSt Bihat
creltnacbno delber rdie allow diromsRbEieR APt ae Arvine
fo%% rotj tlrl]n'::t &%e?t).(i dzil(icﬁ 1t0in? o tef'g'ce 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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and was observed the casting material present between
the hollow fiber nenbranes in the end fixing portion
4 of each cross section. In a cross section of the
filter elenment at the inner side, two defect portions
of not having the casting naterial were observed in
hol | ow fi ber nenbrane 5 sub-bundles, but the casting
mat eri al was present in other portions and no defects

%ﬁv@&%é&?ﬁed k190 é84tind) patefil preserebetween thdhollow fiber
B

tribution of the hollow fiber menbranes in the end
e BYane® i H@eﬂ\@ﬁ)@ﬁg ?o‘tﬁdn 4&bf sich erapesetiional In a cross
r

relati on between the ough- hol es and the hol | ow

deickion GRIHY filtes eléfedOatvileuiniley side; ewoedefeét bortiondief not
through-holes 6 were present inside the hollow fiber

vihpane bastiiee mdtetinh everer ebsdrived eindholidwt fibehahembrane
fi ber nmenbranes were present between all the

dub-buatitdzpibes the choifgImateeinl wasepfésentin othéroportions and
divided into three segnents as in Exanple 1 except

addefectpovastolsdervd® | ower ring-fixing portion at the
15 | ower side when conponents of the hollow fiber

j0OT9] aThefi) lasein Exameple L rthesdistrbution aof ithg hollowagiber
defined as a point Pl, and the proportion of the
menbranes finlthe epdr fixing portiom veasgoleservedis Einst,ua posigional
[FAFB] was 1.1, and [FAFC] was 1.1. [0081]
falati e bebween the throughiboley apdrthe hollow fihsr maewbranasgwas
of the 20 hollow fiber nenbrane bundle was cut al Qgg
visualgrobseirvedi s Alhofl thedhroughehplased Wwiereopeesenkinside the
Ni nety l%:r cent or nore_of the hollow fiber qugr %gﬁls
hellew fibet membssnerbuadie. paFurthermete, dherensdsef the hollow
angle of O to 10 to the directi of the central
fiber mambemes Frengpresentletween) algaleeﬂmm-%ﬁﬂ%ﬁ ag
hol | ow fi ber. memprane pundl e \gas, produced by the .
[080]i Theal thefixing region, was drgded 1nEQ ithipeasegmpats as in
h in Fig. 35 . . .
}%xg}Aerlé nl elxgcept 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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2-g. [0083] The insert was shaped from a pol yet hyl ene

pl ate having a thickness of 2 nmto the sane 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 determned as in Exanple 1 except that the vol une

was neasured by directly imersing the insert in

wat er without use of a polyethylene bag. [0084] A

fplg er el ement having hollow fiber nmenbrane bundl e was

produced as in Exanple 1 using this insert, and was

efB0’sY The iRie wdd slﬁpedoﬁ@muarﬁ@mﬂgﬂeﬂefpm@ having a

the hol |l ow fi ber nenbranes after the draw ng out of

t tiicknesy 6f 2 Imnatslthd sametshepe asathat of thedeserf it Example 3.

insert dented in the end fiXxing portion. Fyrthernore,

t Mheohppanrcat i densify tofethddhsenn wase0dD igfanf . owdiher iapgarent

confirmed that all of the through-holes 6 were

pdessity was idéterntineiads rwBxdmplené ndxcept thahdhe voléme was

[0085] Then, the resulting filter elenent was_ aerated

i messtieed &y directiyamminersingatie insertc amdivateonwithbut mse of a

menbr anes were observed. The fed air vibrated each

hpblyethylemerbagenbr ane wi t hout di ssipation near the

end fixing portion at the lower ring and noved to the

L84 e tilber elsmente Haying hdllaser fibentmambrane drendlpt was

was confirmed that the air 20 sufficiently agitated

t peodwucest as in Fxamplegl usinghthis dnsert.band weasevaluated.  There

bundl e. [0086] Furthernore, a filtration test was

cavasi rd aneurrence oftdefestein the hiodlaw ikeremembranes after the

pressure was -15_to -20_kPa and s stable for three .

ndrawing ot of the dasertonim @ddtu@l,agﬁ%twaéfn% F@@s@fg&@ Insert

foreign, 25 suhstances adhering o the hollaw fiber

meapteshiss thanend Bixing pesoay) ¥ ?rmaée,@@s@,obwaﬁlm of the

of the (%nd fixj n? portjon of _the h[ﬁl
a 0 d

bottom face of the Tower ring confirme ailz gﬁ/ofs t?le through-holes 6
were present inside the hollow 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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fi ber nmenbrane bundl e was observed as follows: First,
the end fixing portion 4 at the upper head of the

hol | ow fi ber nmenbrane bundle was equally divided into
four in the length direction of the nmenbrane and was
observed the casting material present between the

hol | ow fi ber 5 nenbranes in each cross section. The
casting material was present in every cross section

afifet AfRbMaRe bandlefwas obsetvednas FOI0SRE: TRirst, dre emd fixing
Exanple 1, the distribution of the hollow fiber

?@fq{oﬁﬁ gsati thel ipp@nHedd virthessllownfibers nwmbramedbundle was
irst,

a positional relation between the
t swlph-divided iane fobe ihahedengith directivhr afi dse meembfane and
viSual'ly observed. Al of the through-holes 6 were

pwas edbseresd dihet bastinp|haterfal beresemtribetweerb thel hollow fiber
Furthernore, the ends of the hollow fiber nmenbranes _
veregniprages ih dachveress atttiome Thewastinganateréal wag podsent in
Then, the fixing region was divided into three
segnyniresssedtion ndthére was andlafbet portiom: t i on of t he
menbrane filling rate in each 15 segnment was
cp0088]aThen, @EAITFExamplel 11, thendistibntiop efshe. hollow fiber
[0090] Furthernore, the end fixing portion at the ..

| mesnbranes infthetend fixing porticre M&ﬁeﬁgﬁifa'ﬁédbuﬁhl'sé: spositional
cut along the central axis, and the interface was
otelation betwieee the garoughnioles amdrthedioliow frr ragmbraags was
menbranes were fixed approximately parallel to eagh,
ovisuallyt obsersed eAlt@fgﬁedhr@ugl@mbe& Aewere peesesh 1pgide the

e S e PP b e SR oo

Hownmam brajes werp preseptoesieenll M trougihdiaged

Sl A BBt ahd sininerimgion a5 Bivided W thics SSgRents as in

Eﬁ?cgprlxpﬁesl, aﬁﬁ 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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The apparent density of the insert was 0.22 g/cnB. The
apparent density was determned as in Exanple 1
except that the volunme was neasured by directly
imersing the insert in water w thout use of a

pol yet hyl ene bag. 5 [0093] A filter el enment having

hol | ow fi ber nenbrane bundl e was produced as in
Exanple 1 using this insert, and was eval yated. There

TS dppasestudensicy of tHef asest was 92Dogfcaw. f i The apparent
menbranes after the draw ng out of the insert. Though

deneitynaastdeterathddwsrid ERamplel 1 exeepiy thatr theovolume was
the upper head by about 30 mm there was no trace of
rhGaguredi by alitecibnimnérsing) ¢heridsért xinnwaper without[ 0g0ef a
Then, the resulting filter elenent was aerated in

ethydene bagExanpl e 1, and the conditions of the
pr?;?’rbraaﬁg; vve%e observed. The fed_ air vibrated each
[00DBbWA f fitter etentemtnkawinghbotlow S$heramembrane bundie was
end fixing portion at the lower ring and noved to th
prodacedastindixampé 1t usingdhisoinsert andriwas exaliagieshal dhere
It was confirmed that the air_ sufficiently agitatﬁd
whas neaoecursence of dlefectstia ths) hollow Giber maeipbsares after the

bundl es. However, a group of |arge air bubbles
drawdngi ont Of dhetinaertcerkthaugly thednsest imaved geward the end

menbr ane, bundl e was obseryed. [0095] Furthernore, a
fixingr pottion 4 @t thmpp@rah%debmbpuaga rﬁﬂEﬁéﬁfﬁ was no face of

The transnmenbrane pr ?isure was -15 to -40 kPa and was
tbems@@n’t&dm&%mdﬁ King PPNt hr ee nont hs, the

wei ght_of sl udge and fQreig subst ances adhering to .
[10@8%& ol heny the)&es - Blfex Glamen: zWQ@.a%@ge}n Helgr as In

e 3 e s o8 e B! HSE cRhpbii e
B S o STt SSRGS hear
tgalgqu;&g iixgé] ?pofrggﬁ at Tt W wef rllﬂ{gharqcil B Ye hlﬂ%er 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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was observed the casting material present between the
hol |l ow fi ber nenbranes in each cross section. The
casting material was present in every cross section
and there was no defect portion. [0097] Then, as in
Exanple 1, the distribution of the hollow fiber 5
menbranes in the end fixing portion was observed.
First, a positional relation between the

Was oglsderved etheabakst rﬁ@!drml\/ picsent betweamehewhsllow fiber

vi sually observed. of the through-holes 6 were
Ricasisiines A icaeht didss b@d:ticmv f Mher caseinigr macerinlnebs Present in
However, there was a portion where alnost no holl ow
év@grcmﬁéammmewwasnb deéfetthportionier of the end
10 of the hollow fiber nmenbrane bundl e, and three
[rﬂﬂgjil]g'ﬁhbﬂ as i \Exampler 45 ethe d[stnbuﬂonoof ithe. hplloasifiber
hen, the fixing region was divided into three
sepnisrings 4a the endxfirjrig portiemdvashebservpdr t Forstpé positional
menbrane filling rate in each ment was cal cul at ed.
fetafibmbetwser the tlmmnilgh%]lé@]andashe%dllowﬁit{amae]nbranes was
Furthernore, the end fixing portion at the | ower ring
visuaHy observed: f iAdbof thetthrowghvivolitss bviere: presend agsidrdhe
central axis, and the interface was observed. N nety
helowe fibeomembeans bundléol Howevese thergewss anportist évhere
fixed approximately parallel to each other at an
afmosttno s)mllp@v fiber merabrangs were peesephet Hie esater ogéﬁe end

[0100] Exanple 6 A filter elenent having hollow fib

ot the hodlowi fther membranezandlsy and; ¢Q:%3ﬁ9|‘1&hn]@| iégvefe
a vul cani zed ruybber insert having the sane shape as
presenbin this posdent used in Exanpl e 2. The |nsert was
filled wth a 35, wm % et hanol aquequs so i on and, was .
AN metla@);faaagtrm iwas guv %193 e sﬁgwggts as in
0. 95 g/ cnB. ti)pl] A hoI | ow_ f | ber rrbrantelllbundl e and

Examp grl,ep.gt rtign of the mem ing rate in each
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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produced using this insert as in Exanple 3 and were

eval uated. There was no occurrence of defects in the
hol | ow fi ber nenbranes after the draw ng out of the
insert. Though the insert noved toward the end fixing
portion 4 at the upper head by about 20 mm there was

no trace of 5 the insert dented in the end fixing
portion. [0102] Then, the resulting filter el enent was
podaced usingalhieringertiad inbEXe: B, amdh tvdrbevabmatedi orEhere
of the menbranes were observed. The fed air vibrated
was hdetteehédof defobisaimethd hbtlow diberimetibranesafter the
the end fixing portion at the | ower ring and noved to
drasvinppeut pfrtheoimséf. ofThdugth thé dnsdrit moved rtoveard the end
bundle. It was confirned that the air sufficiently
Agingapexticrhé attheupper headh biyrabouit @ Oruminh cthef¢ Weas no trace of
menbrane bundl e. However, a group of large air

thetinkert dentexhiti thy ¢nd fndimg porteomer of the hol | ow fi ber
menbrane bundl e was observed. [0103] Furthernore, a .
G102 aThem, thes reswltingafiltescelementiswias @@rated én Iwatersas in
The transnenbrane pressure was -15 to -45 kPa and was
Exaiipde flgandrthesconditions of theenembrenesrwreraobsemeed.  The
wei ght of sludge and foreign substances adhgring to
fodeairoviboatedi earh hobliove fiherwmembrang gwithoud dlissipation near
the cross section of_ the end, fixing portion of the .
the enshfixing portientat the lowea ringvand spewed o the upper grstion

First, the end fixing 20 portion 4 at the upper, head .
of thenhiabloy dibari e bian: bwedls. ndf avassoBkId, that the air

divided,intp four, in the | ength.directi of _.t he

sHfsertly Agitataththe BEaeT, SHTTORE ﬂl%%ltﬁﬁ% Aibgr membrane
resent _hetween the holl fiber ranes ipn eagh

Bindle. s ddowener, Th 2roRsy pﬁgar&ﬁ ¥ ;ﬁxﬁ%s &ﬁ%%&cﬁflgi from the

ever r.os ection and there wag no defect portion.

cantebobte hollaw fiber membrageundle REASOR¥VER | on of

Dok FRERRSRe B S ot WPl 1

The transmembrane pressure 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

40



10

15

20

25

rel ati on between the through-holes and the hol |l ow

fi ber nmenbranes was visually observed. Al of the

t hrough-hol es 6 were present inside the hollow fiber
menbr ane bundl e. However, there was a portion where
al nrost no holl ow fiber nenbranes were present at the
center of the end 5 of the hollow fiber nenbrane
bundl e, and three through-holes 6 were present in

t pélatipArtiegtaeen(thé Ghtoupieholeshand the halowdilber m@mbranes was
divided into three segnents as in Exanple 1, and the

pvizvallyi obserivedhe Al roft theethirough-iwlesbewere predent inside the
segnent was cal cul ated. [FA/FB] was2.1, and [FA/ FC|
whello fiter [étibrake Hunellenr Elowénere thleriel wiasca portionnwhere
at the lower ring of the hollow fiber nmenbrane bundle
waknost nahohigw fidber enemblrares werepdesene at the eefter ofithe end
observed. Ninety per cent or nore of the hollow fiber
mefitthe isdloverfibér medn byameobimdles andpthred ithrough-halds 6 were
other at an angle of O to 10 to the direction of the
cpreseat imthis portioh0108] Exanple 7 A filter el ement

i ncl udi ng hol | ow fiber nmenbrane bundl e having an end .
f [XEQ6 b hennthe fiixjng region nyas shivigedvwintoctheee segmemss as in
inserts each having an ellipsoidal cross-section was
pExample. 1;Taadi theeprepamion of dheemenybranedfilgng satgdn ceach
prepared by adding a 20 carboxynet hyl cellul ose aquequs

ssegmephwas cadeulpfesl. st RAABhwag /1 nand [FAGG] weasel -2

porous material having a porosity of 70% The shape of
t[m@lw]o&@@mom e ead &IXIng sROTLiam, ap t‘hpn@wv%rxmlg of the

ahafierfibgr memprens buatle vias SUbAE e Seavel agis, o the

PEMEFle GNP RSB L. IS bISRST, CRldls OB SRORAPY g Rollow fiber

BisinErncaNere {oedRRRslmaR L oaralel 4p esth Slfer ai'sh 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 cm’. The apparent density was measured as in
pPp
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Exanple 1. [0109] The filter el ement including hollow

fi ber nmenbrane bundle having a fixed end was produced
usi ng the above-nentioned inserts as described bel ow.
Fig. 4 is a conceptual diagramillustrating a nethod

5 of formng the fixing portion. [0110] One thousand
five hundred sixty polyvinylidene fluoride
mcrofiltration nmenbranes having a m cropore dianeter
Bkafipleh an outer dianeter of 1.2 nm an inner
diameter of 0.6 nm and a length of 1180 mm were

[@69] The [ filted gleffieat himcludingi heilowe rfibemesembrane bundle
seal ed gy 5 nmmfromthe ends, and then the nenbranes
hevingdi fixedoend wasuptoaineedtusing therabose-mentiohed dnsents as
bands, each including 520 nenbranes. One of these
desicribedf below.neFig. ahes buaniceptual sdlingram dlluatrating @ mathod
a_high-density polyethylene film and one of the
obtoraingrthe dvdagipogtions was put 15 thereon. Then,

anot her hol | ow fi ber menbrane bunch was put thereon, .
EHd O] Henet itbousanstr fiveadiyndred hsixiyn. pelyvimdidanee , fluerde
remai ning hollow fiber penbrane bunch was put
mierofitrativnemembranes haying aemieropese siametemef fchen, an
of the length_ direction,of the hollow fiber nby ane.
quigr diametareof hdanm, arinne digmeter ol 0 min; and g fength of
ends were 20 in the end fixing portion-form ng region,
11%5,111@‘%%@%% 70 mmfromthe X-X lines in Fig. 4.

lflg3d< Ehe i Fher rmembrancs, BiPTerReh DY SoeRboliol dbe
Fide RS dhe aCADrEnes et AitjdeR dhia dapownd Boreg Ruifehes,
VAP s R A L e
lrlci)ﬁgvrv glp B?eqﬁblpalﬁ%dtkgnc%% was horizontally put on a high-density
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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put in an ABS external cylinder having a dianeter of

152 mmand a length of 1120 mm Then, the tape at

bot h ends was renoved and the high-density

pol yet hyl ene fil mwas drawn out. [0113] Then, 48

pol yur et hane resin bars each having an outer dianeter

5 of 14 mmand a length of 80 mMm were inserted in the

hol | ow fi ber nenbrane bundle at the occluded end, and

t pet wlamABS extemaltvydieler thawihg avalsamhieterdobyt SRi mman remd a

a tape onto the circunference near this end. The

r kesigrh kot 51 2@ memdi Sfverg dhe apd at both ends ivves removediand the

bundle with equal intervals. 10 [0114] Furthernore,

2higindensity pehethylenedhlnh was- dramwm ogt.pi ns having an

outer dianmeter of 11 nmand a length of 120 nmm and 32

t [l KHnFhene48 pdiyueethana besin bers each davingl anroutee diameter

wi th open hollow portions, and the hollow fiber

nefiddamamband| & lergthf ok &0 mymwwerenigsertedpa thenhellowe fiber

circunference near _this _end. The through-hole-formn
e@%@rane

pmembmnenbundlgot theveccduded ends and the hollowstiztberam
end and have a dianeter of 11 mmand a | ength of 1&8

dle wae fixedi by wandingatapeoetosthegureumiqeneenear gus end
14 mm and a |l ength, of 80.mm were di gposed such that )
t hbe Tesn baysrweker dﬁﬁmcgm@e:@pﬁomﬁgpy mersbrang pardle with
and the through-hole-formng pins were disposed in
t figu S ber nenbrane 20 bundle with equal

147 a9, 2t e it
B8 SB[ L 54 R same
s AL B B s
Shoanl A8IAE) Lot o mtend 2l gl s ol B iRr'S tape
onto the circumference 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
centrifugal molding rack (not shown).

[0116] Casting material pots 11 placed on the centrifugal molding rack
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and the casting material cups 2' were connected with
injecting hoses 12. In the casting material pots 11,

a mxture of two liquid urethane resin conponent was
fed. Then, the centrifugal nolding rack was rotated at

a rate of 250 rpmto apply a centrifugal force of 35 G
to the end fixing 5 portion-form ng regions. After 90

m nutes, the rotation was stopped, and the hollow

fnd ¢he orsting neatbriabiteps 3htvere ednnected ewith tinjecting hoses 12.

cylinder and having the fixed ends was di snounted from
Ih¢he easting unateriabypods rid , mandixtubeeofhtivo degiiidberethane resin
menbrane bundl e was heated at 50C for 24 hours in a
cdemponehbwasTiedn, Then, the tcentrifugat malding pacle wasenotated at
detached, and the hollow portions at the prelimnary
acateuo£ 250 mpmoto wpply hatenuifigal doroe of 3anestomthreeend fixing
opened by cutting about 35 nm of the nenbranes
poediontfomping tegiohe eAftema) minutasicthe faatioh waestopped,
t he throhlﬁh-hol e-formng pins 8 were drawn out to form
and othgh-hedlase  Gibencmenabiang busdleecantaimedl innthe external
(hereinafter,, the side. 15 having open ho] | ow portiqns
eylindersand bavingthestixed ends vas dismounied from theiqeatrifugal
havi ng t he through:- hol is referred tg as a_raw water
malding bhe BoHase %iwg rmrpbn@l%buagh was hegtad at>0°C

r ttached to both en faces of the hollow fib
iS4 RIS 1N @ deBICEAN: dﬁp@,fﬁpt@st@gem@mnalmws 5 were

onngct ed the filter, device with the caps, ,and th

fGehed, sad honolpwamtions s dos PReINaTY Qshigedgnd G the

er 70C fromthe raw water side. [Q118] a

) ,%fbﬁBIm%W WRERAREAEORY A Lﬂgﬂ%@%bﬁs i gf the
fix with a casti terial and.a filter el enment
MR bR Freuding FOm ae SHEmAdY IR of f cct i vo

hof the filtratiqgn portion.between t he

(N TBen, the throbeRchale s ABRETng hins i W BB Enant 9, gorm
B ARER Y18 b e Ravinga diiifglet or T i {Hife ARk O side
having open hollow portions is referred to as a permeation side, and the
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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mm a length of 65 mMmm and a holl ow fi ber nenbrane
filling rate of 10% at the interface of the end

fixing portion. [0119] Then, the resulting filter

el ement was aerated in water as in Exanple 1, and the
conditions of the nenbranes were observed. The 5 fed

air vibrated each hollow fiber nenbrane w t hout

di ssipation near the end fixing portion at the |ower

r my, ankengtlyaf 65 mhn anbar hpldowi fiber anembeame filing rate of
fi ber menbrane bundle. It was confirned that the air
slP¥s et thetinjerface of the emd finang postion.oundi ng t he hol | ow
fiber menbrane bund] es. However, a group of |arge air
bbbl YsThene tlae rgsukting dilter elemantt wiasozenates rinl Weter as in
fiber menbrane bundl ¢ was observed. [0120]

F leoh,eand the eerditions fi thesmemhmaes weereiobsegved. The
partions,of the hqollow fiber nmenbrane bundl e were,

otQﬁC{e mreaﬂxgtqég ﬁa@imglol{m Aiberrmesabrangewatheut jdissigation near
partion 4 .at the pernegation side of the _hol|ow fiber |,
e éimgd)cgn@asatggalpwrmg apdgnpyed to the pwper portion
| epgt h digrection of th rane and observe .
Tt %ﬁé&q]lﬁb}v e mgm arfaé@eﬁtm"&gm@g ahGoRbIMS Thasaie air
nme anes in.each cross section.,. The casfi ng.,materi al
SRSy R PR e Sajst SuBomging Tamdollow diiee: mepsRrane
fpoun [0122] Then, the digstribut.iqn,qf. the holl ow

¢ BiilesoiiaieRer v odn of 1458 4ix, PRPbIes Beeroding fom the
raw wat er. sj de was, observed as in,,Exanple 1. . First, a
oESter ot she heflgh Bhepmembrrnehundie St obrvedand ( he

h fiber ne anes was Vi sua ob ved. Al.l of

¢ B2, BlihEimPES 168 Fe SSpelark Y e PoE HutalinstignS of the
fibar rane sbundl.e. rt her qore h ol | ow fi ber
DR unBE, AlRBEE Hindd notE e d. e Bolfidws s

t h es. .6 0] t he f hxi s

ol PAGE T e o “HEfle. ROEHgn' F1at' P TRrhRHGA 4R 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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Exanple 1, and the proportion of the nenbrane filling
rate in each segnent was cal cul ated. [FA/FB] was 1.0,
and [FAFC] was 1.1. [0124] Then, the end fi xing
portion at the lower ring of the hollow fiber

menbr ane bundl e was cut along the central axis, and

the interface was 5 observed. Ninety per cent or nore

of the hollow fiber nenbranes were fixed

aBrampleral,cand rthe aproplortion et the thembaanefilling) ratef ir0 each
to 100 to the direction of the central axis. [0 125]

Gugmerntt was cElcaated. 1 [RA/BB]owmeas 1 s andd A& wasdlk

and a hollow fiber nenbrane filter 10 el enent were

pf0d@4d €Bhers, the eadfiping portiorest thehlawertring efithe hoflaw fiber

mol di ng was carried out w thout disposing the |
cyieimbhane uridle svas aut alomg theneentralnaxis; and the inwyfareewas
filter element was aerated in a water tank as in
Exbsepved.1, Ninaty e eanidon moors of thechalawr dther membranes
observed. The fed air 15 dissipated fromthe end
f were fixgdrappsexinatelie paeallel te ieagh osher atran anglscaf Gto 10° to
shaking of the hollow fiber nenbranes and the effect
othegdjrectional thecenfral@xisnent of the air to the upper
portion_of the hol]low fiber nenbranes was not
chZﬁ]n@@mH@QQV?EKamIPIFr]ati on test was carried out as
rati on, was

in nple 1. After t weeks,. the o :
hé EéﬁOWe ok anembzang ¢ristngha fpﬁlgg\guﬁﬁer BcrabEncy filter
-60 kPa. [0128] .Then, the gross,section of. the end ..
fglfmfgﬂp er¢ ow]oelfm A ¥R | Plgdr exerpt that ths septrifugal
was ,Qbserved as, f,ol | ows: 129] Eir t he end, f.i X
LR g catried oM thold dGabasiet b cximdBRH [ipdert 9t the
nbrane bundl e was equally divided into four in the
FEW8?HHH%§FEEtion of the nmenbrane, and the casting

nﬁfﬁé]ai"hg R e RntRess hi%ted%h 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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hol | ow fi ber nmenbranes in each cross section was
observed. The casting material was present in every
cross section and there was no defect portion. [0130]
Then, as in Exanple 1, the distribution of the holl ow
fiber 5 nmenbranes in the end fixing portion at the
| ower ring was observed. First, a positional relation
bet ween the through-holes and the hollow fiber
elliovanftlsevasembsgarmds! yn odzchy ¢eoks Sbetidwl wasv dbseeved.  The
menbranes gathered in one side, and a portion where
thstimg | thaterfal beas preferdnies evesyr erossr séotiq endrtherasvas no
observed in the opposite side. Ei ght 10 through-holes
defectportiont in the portion where the hollow fi ber
menbranes were rarely present, and no holl ow fi ber
@130 hTéenywease in e e bt thee distribationr ofigthenbolewe fiber
annng t he eI%?t through-holes 6. [0131 ] Then, the
tw&nddﬁmr@@omon attihecloveemeingswas observed.
Exanple 1, and the proportion of t he nenbrane fl||ln%
Farsé, Rrpesitinnak selgtignehetween ke dhroughth ote:spamé]thmlso low
1.3, and [FA/FC] was 9.1. [0132] Furthernore, the ep
ber mpembraneshwos wisially, nbserviedg ofFhe hellowofibsrmerp branes
menbr ane bundl e was cut al.ong the cen a and
gatherpdtiarong sidga endpa gorien where shepﬁeﬁ@\vynﬁm mggpbranes
of the h?||0M/flber menbranes were inclined at _an
Xfgee rarelyo preseng s HRDSEEVRY al atlies OpRPSIteq §ide. al Eight

li [0133] Accordjn tothe t ho
Mpiwemqr% nPreléeHBI oWhe | BRFioTaHBe TN Buﬁaﬁew fiber
hol | fi b di stri but
PR BRI ot LY IRSata Cadr g Bl et BETgARRs pere
rod d even nmbr ane f n
PReTa B oo Sk rhole & smongthe @%hﬁﬂmlgheholes 6.
f. ciently used,.in nb
f0151 Eafin, ?E%Etil@ngorego B Vot |dawdﬁﬁbléﬁo bt SRERLS 85 in
amlglte lpar h ﬁ-Pel a;(l) 6rtﬁ')‘§’1e%f the hembrane filling rate in each
p
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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a menbrane separation activated sludge process. Brief
Description of the Drawings [0134] Fig. 1 is an

expl anat ory di agram of an enbodi nent of the holl ow
fiber nmenbrane filter element. 5 Fig. 2 is an

expl anat ory di agram of an enbodi nent of the insert.

Fig. 3 is an explanatory diagram of an enbodi nent of

the nethod for formng a fixing portion of a holl ow

4 nembrenesepacation aetivatedrsudge prowtise. Fig. 4 is an

expl anat ory di agram of anot her enbodi nent of the
Beiefddesciripfion dfdthei Dpawingsi ng portion of a hollow
fiber menbrane filter element bundle. Fig. 5is an
N34 FHgoll yis dnsxpdanatory diagramaafjamembadimeniaf the hellow
tube in an aeration test of a hollow fiber nmenbrane
fiber memebramerfilter¢lgmenti s an expl anat ory di agram of a
net hod for evaluating the 15 distrjbution of hollow
Fighérisramexplanatoxy diagrama of iani amg @dmnﬁ:mf thednserdnce
Nurmeral s [0135] 1: hollow fj ber rane bundl e

Kigpet maademdauatorﬁachagwgnrﬁaﬁm.em pnqmrct aw vmtﬁod for
casting material cup) ing 4: end fi

fosmingna shixings pophen rhféadho oV, fiber SICHEDTEHE! ﬁﬁﬁr Alement
the lower ring 6: through-hole 25 7: colum 8:

b‘ﬁi‘gﬁgh hol e-formi ng pin 48

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 elément.

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

[0135]

1: hollow 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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9: porous plate 10: insert 11: casting nmaterial 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:
wat er-col l ecting cap 20: interface inner than the end
fixing portion of the hollow fiber nenbranes O:
center line 15 P1, P2: intersections of the center

| Pnporeoub plate peri phery of an end fixing portion Vi,
Y2, Z1, Z2: intersections of lines orthogonal to the
c0t msett ne and the periphery of an end fixing
portion QL, : intersections of the center |ine and

| 1 hecassinghongteradl pdtereto 20 49 CLAIMS 1. A met hod of
produci ng a_hol | ow fi ber nmenbrane bundl e having a

f l2einjeetdon &osri si ng pl acing an insert inside a

hol | ow fi ber nenbrane bundle at a position inner than
al3egasimg materiali xed; fixing the ends of 5 the holl ow
fi ber nmenbranes; and renoving the insert fromthe

i h4i estegnal eylndesi | ow fi ber menbrane bundl e.

15: resin bar

16: nut

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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2. The met hod of producing a hollow fiber menbrane

bundl e according to Caiml, wherein the insert has

an apparent density of 1 g/cnB or less. 3. The nethod
of producing a hollow fiber nmenbrane bundl e accordi ng

10 to A aiml1l, wherein the insert has an apparent
density of 0.1 g/cnB or |ess. 4. The nethod of

produci ng a holl ow fi ber nmenbrane bundl e according to
EhAIMS ains 1 to 3, wherein the insert is a hollow
material. 5. The method of producing a hollow fiber
heAbmrethod wiiproduming ¢i hgllovs fikerCneimbraneviendlerhaving a
insert is a foam 6. The nethod of produci n%a hol | ow
fixéd endp comprisihg placngaroinsertyinside aihollow fibarenembrane
the insert is a balloon inflated W|th a gas and/or a
bundlecat # positiominterdthan % regioni tgbe fined; dixingpthe end s of
menbr ane bundl e according 20 to any of Clains 1 to

thiechallowfiteeri membranes; and rempeviig thespstsertefrom the Insids of

cylinder,_ or a polygonal colum. 8. The nethod of

$mduﬂhnnéﬂxﬂﬁuenﬁmanebun leenbr ane bundl e according to
an of d alns 1to 6, wherein the insert has shape
o af producing adiwl aib@r rapg bupdl %j:réﬁrdmg
axis.is C|rcular elli i dal 25 polyg angl h
te Claim &, w@@rw tbmm%ﬁrg?rés ap w@r@ﬁsd Qiﬂf or fess.
center t d one 0[ bot._h f the ends al on ma .
Tﬁ OdicHag| adrol rr@eglbiranﬁ %wnﬁ-‘f%aﬁéordmg
r.an dle cordln to an 8, 3
2 1, wxﬁm@ S dosst fias Atk Sppaieib deasity OF P s gfer or
ubber 10. The method of producing a hollow fiber
k%ﬁbrane bundle 5 according to any of Claims 1 to 9,

m% %etﬁ;gﬁegte 81;9 nglé)ria " févggﬁg&emem dr%n'é] Blihdle according
to any of Claims 1 to 3, wherein the insert is a hollow material.

5. The method of producing a hollow fiber membrane bundle according
to Claim 4, wherein the insert is a foam.

6. The method of producing a hollow fiber membrane bundle according
to Claim 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 Claims 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 according
to any of Claims 1 to 6, 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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11. The method of producing a hollow fiber nmenbrane
bundl e according to any of Clains 1 to 10, wherein a
menbrane filling rate at an interface inner than the
end fixing portion of the hollow fiber 10 nenbranes
isin the range of 5 to 40% 12. The nethod of
produci ng a hol |l ow fi ber nenbrane bundl e having a
fixed end according to any of Clains 1 to 11, .
9.0The inséthodpo fpioducimg aihslbow filber mgmbrane hanehe according
density of 0.1 g/cnB or less inside a hollow fiber .
toeaty afeClainl & tat 8 a wherein the imsert comprisesraghemmoplastic
be fixed; 15 fixing the ends of the hollow fiber
mesithbonmasbery i njecting a casting material to the ends
of the hollow fiber nenbranes b){ a centrifugal force
Hhd The dmethed t bf producing nat hollew  fiber t membeansyibundle
the insert fromthe inside of_ the hollow, fiber )
ansondmg:toanyl of Clgima heo 1% vwherein themegions ko fixing the
having a _fixed end produced by 20 the nethod
anediroughrholes ogionenside. t 0 12. 14. A nmethod of

roduci ng a holl gw fiper nmenbrane filter el enent,
Do Mgtaots of eprasicing pas haios hBbebwiambre bundle

menbrane bundl e, ip.a urroundj ng,menber for the end
aqoerdmnentn any otdelaimsel forith W sleim gemembrang r@?ﬁ\& Fatg at
of producing the, holl ow fiber menbrape b | e Jhayi ng

a1 fsidaces HEnGE dbAR; e €adhAiXIBE BORIOR i llam” gber
hol l.ow fi ber nbrane filt | ement produced by the
RerRranes is Hrie1angs q Eﬁgb?ﬁm. 52

12. The method of producing a hollow fiber membrane bundle having a
fixed end according to any of Claims 1 to 11, comprising placing an
insert having an apparent density of 0.1 g/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 hardeﬂing 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 Claims 1 to 12.

14. 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 to 9.

15. A hollow fiber membrane filter element produced by the method
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according to Claim 14.
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