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SPECIFICATION HOLLOW-FIBER MEMBRANE MODULE Technical
field [0001] The present invention relates to a hollow fiber membrane 5
module to be immersed in a water treatment tank containing raw water,
for the filtration treatment of the raw water, namely, an immersion type
hollow fiber membrane module. More specifically, it relates to an

immersion type hollow fiber membrane podula that allows the filtration
capability of hollow fiber membranes to be 20 maintained for a long period

roeftine and@ailowsithe Aotowfiher=membranes to be air-scrubbed with a
less air flow rate, hence can reduce the running cost. Background art

Tel00Q2EHngeneraly when an immersion type hollow fiber membrane is
module is used, it is disposed in a water treatment tank so that the raw

[Owater containing=susperided:matten in e vatettreatmeht dankicarbeembrane
sucked and filtered through hollow fiber membranes for obtaining a

mofiitrate. {0003] Aftercthedollow fibeernemirare mwiule bas lundergenerang raw
20 filtration process for a certain period of time, in general, it is subjected

wafefgh alrserubBir process M wHis EoRipresded AR TE eV iNES the halewY, an
fiber membrane module from below the hollow fiber membrane module,

imfer SRARMG- RSB fiBer-memBiaies 2 ¢ Wit away tHe Stsperded a1y,
matter, etc. deposited on the surfaces 2 gthe hollow fiber membra?f t
ﬁl@‘that

YHdh ?&?&dﬁﬁa?ﬁné‘%ﬂ%ﬁéﬁ&éﬁt%%ﬁ&?sé %‘(%e%l&% e fited's

al %&%NﬁggrgyT99§¥¥§ﬁ]bapability of hollow fiber membranes to be

maintained for a long pericd of time and allows the hollow fiber
membranes to be air-scrubbed with a less air flow rate, hence can
reduce tThe running cost.

Background art

[G002] In general, when an immersicn type hollow fiber membrane
module is used, it is disposed in a water treatment tank so that
the raw water contalning suspended matter in the water treatment
tank can ke sucked and filtered through hollow fiber membranes
for obtaining a filtrate.

[0003] After the hollow fiber membrane module has undergone a
filtration process for a certain period of time, in general, it
is subjected to an air scrubbking process in which compressed air
is fed into the hollow fiber membrane module from below the hollow
fiber membrane module, for shaking the hollow fiber membranes,
Lo wash away the suspended matter, etc. deposited on the surfaces
of the hollow fiber membranes, It is preferredthat the suspended

matter removed from the surfaces of the hollow fiber membranes
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by air scrubbing is quickly discharged outside the hollow fiber membrane
module, and for example, as disclosed in Patent Document it is
convenient that the hollow fiber membranes are exposed at the top and
bottom ends of the hollow fiber membrane module, 5 where the
suspended matter is likely to be deposited. [0004] Further as disclosed in
by RatentDoctiment 21 it isuderkienientthatalow fibesmémbtanesdslaw fiber
whole are covered with a water permeable cylindrical case, for such
MEFSFSOrS B e rad Water Girebe Stootiedticm the entire drdenfereagament

_surface of to the cylindrical case and that the suspended matter can be let
1 ot frénteventir&irchfifferérital'sniffacy of ey RdMcaR B4se dtahexrosed
time of air scrubbin% to enhance the suspended matter discharge

2t CHRRbIiY [PDOSPRAbWIEThE Structdfe Bf theHIfow fber BRTGTARe RIS/

module described in Patent Document 1 has such pro%lem that at the
B R e e R T e alow

' le s, I flow, ut from the hallow fi o
To8Bg" m%‘%@ﬂ&ﬂ“og%e&?lé'ﬁ?i%éoeéowl‘%ﬁe %%’ggr%‘ﬁengé%o‘%@% ooy TS

membrane module at the portion where he

cofibenmembranes are exposed nokallewingthenollow, 29 fikgre covered with

membranes to be shaken sufficiently at their upper portions, hence not

a wallowingdhe syspended matteran the surfages of the hellowfibernat the raw
membranes to be sufficiently air-scrubbed. [0006] Furthermore similarly,

wathe-struatiwe efithe hollovwr fiber tmenebranesnodule deseribad i Palentface of
Document 2 also has such a 25 problem that the compressed air supplied

t nfrary betoir the: hottewdilzerdnembirarteemodeiesisdikelyita flew catsidethet out
hollow fiber 2

from the entire circumferential surface of the cylindrical case

at the time of air scrubbing, to enhance the suspended matter

discharge capability.

[COCE] However, the structure of the hollow fiber membrane

module described in Patent Deccument 1 has such a problem that at

the time of alr scrubbing, the compressed alr supplied from below

the hollow fiber membrane module is likely to flow out from the

hollow fiber membrane medule at the portion where the bottom ends

of the hollow fiber menbranes are exposed, not allowing the hollow

fiber membranes to be shaken sufficiently at their upper portions,

hence not allowing the suspended matter on the surfaces of the

hollow fiber membranes to be sufficiently air-scrubbed.

[0006] Furthermore similarly, the structure of the hellow fiber

membrane module described in Patent Document 2 also has such a

problem that the compressed air supplied from below the hollow

fiber membrane module 1s likely to flow outside the hollow fiber
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membrane module from the lower portion of the water permeable
cylindrical case, not allowing the hollow fiber membranes in the upper
portion to be sufficiently shaken. As a result, the amount of compressed
air supplied for shaking the hollow fiber membranes 5 also in the upper
portion must be increased to raise the running cost. [0007] As described
merabozeeit isodifficelt hattherstructures pithe tonverdticried heHow fineermeable
membrane modules achieve both a higher capability of discharging
cy buspended. nvatter and b higher io edpability ot alr-Scrbbbintpthieddsiiosw 1n the
fiber membranes. Patent Document 1: JP 2002-346344 A Patent
UPPRIE HABKE2I P 26652808131 A NDISEIGSHE BF the rvénti6 R Problém foamount
be solved by the invention 15 [0008] The object of the invention is to
of SRIRIESS Rofofv fbEHFReérnbrang modale that aows theSlspetidederoranes
1 matter tq be gzas% removed from %h% outer surfgcea Qtf theﬂh.ollov% iber ,
2l A e mbranSs WiksH" the holish fiber mamBranes ars Scribbéd With-air and = -9

allows the removed suspended matter to be easily discharged outside the
‘hollow fiber membrane module. Means for solving the problem [0009]

[0@0'?‘?”“%@?&&92?&%@@%@99&",9 QEtQ%in@E'QQQQCE@@ yfﬁ% structures

aforementioned object is as described below. [0010] A hollow fiber
of Membrane,module.comprses a alipdricale 25 case havingepenings abe voth

the top end and the bottom end thereof, a hollow fiber membrane bundle
a rcomprisisggumaroys hatlow bee3ying suspended matter and a higher
capablility of alr-scrubbing the hollow fiber membranes.
Patent Document 1l: JP 2002-346344 A
Patent Document Z: JP 2005-230813 A
Disclosure of the invention
Problem to be solved by the invention
[0008] The object of the invention is to provide a hollow fibker
membrane module that allows the suspended matter to be easily
removed from the cuter surfaces of the hellow fiber membranes when
the hollow fiber membranes are scrubbed with air and allows the
removed suspended matter to be easily discharged outside the
hollow fiber membrane module.
Means for solving the preoblem
[0009] Ahollow fiber membrane module of the invention to achieve
the aforementioned oblect is as described below.
[0010] B holleow fiber membrane module comprises a cylindrical

case having cpenings at the top end and the bottom end thereof,

a hollow fiber membrane bundle comprising numerous hollow fiber
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membranes positioned in the vertical direction in the cylindrical case, a
hollow fiber membrane fixing member (an adhered portion A) installed at
the top end portions of the hollow fiber membranes for fixing the hollow
fiber membranes in such a state that the 5 hollow portions of the hollow
fiber membranes are kept open, and a hollow fiber membrane plugging
memerahers(ap atheretepoition®) vastalled atdhe bottanrend parians. ahtheical
hollow fiber membranes for plugging the hollow portions of the hollow
cafiber mémbianest iwheraianthe hokoWifibernerebrane firingamembet (thection
adhered io portion A) is fixed to the cylindrical case in such a state that
A) the Hellbwefbai niérfbraResHEng MMEMPRF cidsés the @pefiing apfierpbranes
end of the cylindrical case, and wherein the circumferential wall of the
EoRyfindtical cas€ idateadt parttialy FoRePors parfotafed mehiertand at the

that the averagge;f hole area rate_of the 15 circumferential wall in the lower

A0 bbb BF the Cylirftiticat Gas D506 61 esS F00T T it ol fiser s+ and

membrane module of the invention, it is preferred that the average hole.
= B R e o on &)

in§RSE 20ds,larggrthan the average ole ate rate, ofihe pitcumigrential, o pe s

wall in the lower portion. [0012] 1n the hollow fiber membrane module of

foih%fﬂ_)’ EH@’ {tris F?{QEQ{E%Q ﬁ@%ﬁy%@wﬁé\@{@m@aﬁﬁr{t@m{o@@%mnes,
are divided nto a plurality of small bundles each of which comprises a 25

whBliality of thenhallowy fiberyaembeaness aad fhatthe hplewdiber the adhered
membrane plugging member (the adhered portion B) comprises small 4

porticn A) is fixed to the cylindrical case in such a state that
the hollow fiber membrane fixing member closes the opening at the
top end of the cylindrical case, and wherein the circunferential
wall of the cylindrical case 1s at least partially formed of a
perforated member and that the average hole area rate of the
circumferential wall in the lower portion of the cylindrical case
is 20% or less.

[0011] In the hollow fiber membrane module of the invention, it
is preferred that the average hole area rate of the
circumferential wall in the upper portion of the cylindrical case
is larger than the average hole area rate of the circumferential
wall in the lower pecrtion.

[0012] 1In the hollow fiber membrane module of the invention, it
is preferred that the numerous hollow fiber membranes are divided
into a plurality of small bundles each of which comprises a

plurality of the hollow fiber membranes, and that the hollow fiber

membrane plugging member (the adhered portion B} comprises small
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bundle fixing members independent from each other with clearances
between the respective small bundle fixing members, for plugging the
hollow portions of the respective hollow fiber membranes and for bundling
and integrally fixing the respective hollow fiber 5 membranes as each of
the respective small bundles. [0013] In the hollow fiber membrane module
bund tke fnventpmdinls prefermebinati the nimibe eat-the sinatt BundleslisBtnces
50 and that the number of hollow fiber membranes forming each of the
be shesin burelles #3950 td. 260814 6 Joo1 A retHel kidlfowfibek aiembiate plugging
module of the invention, it is preferred that the cylindrical case has a
ChejibmbteroPs t6- A fimtar é@iéﬁ@ﬁ%fﬂ@@ﬁé@@b%ﬂ%@@@fﬁ]ﬁﬁ%ﬁ@s and
hollow fiber membrane module of the invention, it is preferred that each of
£oxh& ShihiBthdiE fixig Renfbers nasa 1% thsuleRcS Generafion menibet 107

on a surface there 16] In the hollow fiber m rane module of the

f. [O e
R A R S OR oty
rogomparimentaliing i respective small undle X0 empers Al o,

provided betwéen the respective small bundle fixing members

1 5 18 the-Dollaw fiher membrang module ofithe dgvention, jtyispreferredthai o 4p g

at least one hanging string is provided along the hollow fiber membranes

£ hAQiNg Saehof the spall hurdies;-onawepd of the hanging stingds edsmail

to the hollow fiber membrane fixing member while the other end is fixed
puteithessmall bundle 25 xing member; in each of the small bundles, the

'‘Length of the hanging string in a filtration region of the hollow fiber 5
[00147 1In the hollow fiber membrane module of the invention, it
is preferred that the cylindrical case has a diameter of 50 to
400 mm and a length of 500 to 3G00 mm.
[0015] TIn the hollow fiber membrane module of the inventiocn, 1T
is preferred that each ¢f the small bundle fixing members has a
turbulence generation member on a surface thereof.
[0016] 1In the hellow fiber membrane moduls of the invention, it
is preferred that small Dbundle partition members for
compartmentalizing the respective small bundle fixing members are
provided between the respective small bundle fixing members.
(00171 In the hollow fiber membrane module cf the invention, it
ig preferred that at least one hanging string is provided along
the hollow fiber membranes forming sach of the small bundles; one
end of the hanging string is fixed to the hollow fiber membrane
fixing member while the other end is fixed to the small bundle

fixing member; in each of the small bundles, the length of the

hanging string in a filtration region of the hollow fiber

5
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membranes is shorter than the shortest one of the lengths of the plurality
of the hollow fiber membranes in the filtration region. Effects of the
invention [0018] According to the hollow fiber membrane module of the
invention, a compressed air supplied for air scrubbing from below 5 the
hollow fiber membrane module is effectively used for air-scrubbing the

mehollow fber membrangs and futher,dhe rsuspendes matigrds eificiently of the
discharged from both the top and bottom ends of the hollow fiber

plmembrapesmatiden dhetefofe ptbe H0-fittraltoncapabilisy ©f the hellew filkerion.
membranes does not decline for a long period of time, and the hollow
Effileertmembrahe modeletcarmbe used for a long period of time. Brief
description of the drawings [0019] Fig. 1 is a schematic vertical sectional
[ Ogief]shdwingthi NG exaniple ohthblifolloRifiber nicrbraemagde of i the
~ invention. Fig. 2 is an expansion plan showing the circumferential wall of
Lifndylinarical <RR Tt HRE Actiow ABEPmERRbIEe %aa@rémwm%%mbe Low
Fig. 3 is_an enlarged view showing a part of the 20 circumferential wall

Chgholiin Fig. 2Bl 4 BESdRHatC Verical seitiohaf el showing=Se¢ 0%

.another example fthehhcil ow fib]?r‘me_mbran%module of trae ir}veng'on.
alﬁrsgrub L t%e ollow . 1DF£ Inqg ranes %¥ urther the
ig- 5'iS a’schematic vertical sectional view showing a further example of’

~oJELloy ecaentane ol o e Z5MMERIOR R B8 e vop ans
bottom ends of the hellow fiber membrane module, Therefore, the
filtration capability of the hollow fiber membranes does not
decline for a long period of time, and the hollow fiber membrane
rmodule can be used for a long period of time.
Brief description of the drawings
[0018] Fig. 1 is a schematic vertical sectional view showing an
example of the hollow fiber membrane module of the invention.
Fig. 2 is an expansion plan showing the circumferential wall
of the cylindrical case of the hollow fiber membrane module shown
in Fig. 1.
Fig. 3 1s an enlarged view showing a part of the
circumferential wall ghown in Fig. 2.
Fig. 4 1s a schematic vertical sectional view showing another
example of the hollow fiber membrane module of the invention.
Fig. 5 is a schematic vertical secticnal view showing a
further example of the hollow fiber membrane module o¢f the
invention.

Fig. 6 is an expansion plan showing the circumferential wall
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6 of the cylindrical case of the hollow fiber membrane module shown in
Fig. 5. Fig. 7 is a schematic vertical sectional view showing a still further
example of the hollow fiber membrane module of the invention. 5 Fig. 8 is
a perspective view showing an example of a small bundle fixing member
in the hollow fiber membrane module shown in Fig. 1. Fig. 9is a
o fperspegtivendewshowinganagthat exarmplewofrthies 1Grsmal busdte fixing shown
member shown in Fig. S. Fig. 10 is a perspective view showing a further
inexampleiof the small bundle fixing member shown in Fig. 8. Fig. 11 is a
schematic vertical sectional view showing the lower portion of a further
exdample of isecheldvetiber merabianes I55acduleof he ivestion’ Fig, a2still
is a plan view showing small bundle partition members in the hollow fiber
fumbhfdrarfeiaioeiife showhlif FitP 110EIgE 18R a SERemaiCvarfcat e of the

. _sectional view showing a still further example of the hollow fiber
hforaRe module of the 20 invention. Fig. 14 is a schematic vertical
secEtionaI \éiew of a_conventional hollow fib%r membrane moduk?z.%:5 Qf a2 small

Mea‘ﬁ%‘gs oflsei/rﬁbgl%ﬁ@fﬂtll: ollow Tiber Mmembrarte modute
bu%%E%NEQQE &W%'ﬁﬂgr in the hollcw fiber membrane module shown
in Fig. 1.

Fig. 9 is a perspective view showing another example of the
small bundle fixing member shown in Fig. 8.

Fig. 10 is a perspective view showing & further example of
the small bundle fixing member shown in Fig. 8.

Fig. 11 is a schematic vertical secticnal view showing the
lower portion of a further example of the hollow fiber membrane
module of the invention.

Fig. 12 is a plan view showing small bundle partition members
in the hollow fiber membrane module shown in Fig. 11.

Fig. 13 is a schematic vertical secticonal view showing a still
further example of the hollow filber membrane module of the
invention.

Fig. 14 is a schematic vertical sectional view of a
conventional hollew fiber membranes module.

Meanings of symbols
[00201 1: hollow fiber membrane module

Z: hollow fiber membrane

Za: hollow portion of hollow fiber membrane
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2a: hollow portion of hollow fiber membrane 7 3: cylindrical case 3a:
opening at the top of cylindrical case 3b: opening at the bottom of
cylindrical case 3c: perforated member 5 4a: hollow fiber membrane
fixing member (adhered portion A) 4aF1: face where the hollow portions
of hollow fiber membranes are open 4b: hollow fiber membrane plugging
member (adhgted-pertions B) 10 4bc: clearance between small bundle
fixing members 4bi: small bundle fixing member 4bj: small bundle fixing
megaher 4bk:ismpall bupgdle fbdprg Brenaker: 4dbm; santaingysls 4bt:
turbulence generating member 4bs: small bundle partition member 5:
waser:catieetidmgap ©6: filteate outlet/ «ir infrodueing«eylinders 20 8: small
bundle 9: open portion 10: wire portion 17: bottom cap 17a: air inflow
poR@5 A fairdiffagiongplater

4a: hollow fiber membrane fixing member (adhered portion A)

4aFl: face where the hollow portions of hollow fiber membranes

are open

4b: hollow fiber membrane plugging member (achered portion

dbc: clearance between small bundle fixing members
4pi: small bundle fixing member
4k7: small bundle fixing member
4bk: small bundle fixing member
4dbm: container

4bt: turbulence generating membern
4bs: small bundle partition member
5: water collection cap

6: filtrate outlet

7: air introducing cylinder

g8: small bundie

9: open portion

10: wire porticn

17: bottom cap

17a: air inflow port

17b: ailr diffusion plate

431 : hollow fiber membrane module
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41: hollow fiber membrane module 8 43: cylindrical case 49: perforated
portion 51: hollow fiber membrane module 53: cylindrical case 5 59:
perforated portion 71: hollow fiber membrane module 73: cylindrical case
77: bottom cap 77a: air introducing port 10 Ill: hollow fiber membrane
module 131: hollow fiber membrane module 132: hollow fiber membrane
132b: hanging string; 134a:hollow fiber membrane fixing member is
134bi: small bundle fixing member 141: hollow fiber membrane module
142gsholiayy fibeemembrane {143: cylindrical case 143a: opening at the top
of cylindrical case 20 143b: opening at the bottom of cylindrical case
1483 hollovi fiberfiembraneixmgemember 444b: hollow fiber membrane
plugging member 144bi: small bundle fixing member 144bc: clearance
bebdeers gimalibundiel fixingnembers 25 145: water collection cap

59: perforated portion

71: hollow fiber membrane module

73: cylindrical case

77: bottom cap

77a: alr introducing port

111l: hollow fiber membrane module

131: hollow fiber membrane module

132: hollow fiber membrane

132b: hanging string

134a: hollow fiber membrane fixing member
134bi: small bundle fixing member

141: hollow fiber membrane module

142: hollow fiber membrane

143: cylindrical case

143a: opening at the top of cylindrical case
143b: opening at the bottom of cylindrical case
l44a; hollow fiber membrane fixing member
144b: hollow fiber membrane plugging member
144bi: small bundlie fixing member

l44kc: clearance between small bundle fixing members
145: water cecllection cap

146: filtrate outlet
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146: filtrate outlet 9 147: air introducing cylinder 148: small bundle 149:
perforated portion A: upper portion of cylindrical case 5 B: lower portion of
cylindrical case The best modes for carrying out the invention [0021] The
hollow fiber membrane module of the invention as used for producing
clean water is explained below in reference to drawings. 10 [0022] Fig. 1

is a sghemafic vertical sectional yiews ghowing an example of the hollow

fiber membrane module of the invention. In Fig. 1, the hollow fiber
memprangmodule 1 gf the invention comprises a cylindrical case 3
having an opening 3a at the top end and an opening 3b at the bottom end
thareot, kel fiberlpmembrane bundle comprising numerous hollow
fiber membranes 2 positioned in the vertical direction in the cylindrical
case 3;rebollgw fibépmenibrapnéfixihgi rembex {an adhered portion A)
4a installed at the top end portions of the hollow fiber membranes 2 for
fixihy thewfollorcfiberanembrangsi 2 v sgehla St that 20 the hollow
portions 2a of the hollow fiber membranes 2 are kept open, and a hollow
Theiberrieriiane plidying Fiember Gintadieted Y6HiSAR BY 4b installed at
the bottom end portions of the hollow fiber membranes 2 for plugging the

[0 bohow gorfione BECF e RAIBR REE RETREANGSE, WhBreM B hidliod S 1564

sofibgt membrane fixing member 25 4als fixed to thecylipdrical case 1.0 <o
Such a’stdte as to'close

drawings.

[0022] Fig. 1 is a schematic vertical sectional view showing an
example of the hollow fiber membrane module of the invention. 1In
Fig. 1, the heollow fiber membrane module 1 of the invention
comprises a cylindrical case 3 having an cpening 3a at the top
end and an opening 3b at the bottom end thereof, a hollow fiber
membrane bundle comprising numerous hollow fiber membranes Z
positioned in the vertical directicn in the cylindrical case 3,
a hollow fiber membrane fixing member (an adhered portion A) 4a
installed at the top end portions of the hollow fiber membranes
2 for fixing the hollow fiber membranes 2 in such a state that
the hollow portions 2a of the hollow fiber membranes 2 are kept
cpen, and a hollow fiber membrane plugging member (an adhered
portion B) 4b installed at the bottom end porticns of the hollow
fiber membranes 2 for plugging the hollowportions 2a of the hollow
fiber membranes 2, wherein the hollcw fiber membrane £ixing member
Lz ig fixed to the cylindrical case 3 in such a state as to close

the opening 3a at the top end of the cylindrical case 3.

10
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the opening 3a at the top end of the cylindrical case 3. 10 [0023] In the
hollow fiber membrane module 1 of the invention, at least part of the
circumferential wall of the cylindrical case 3 is a perforated member 3c,
and the average hole area rate of the circumferential wall in the lower
portion of the cylindrical s case 3 is 25% or less. [0024] In the hollow fiber

romegbrang module,l pfihe invention,, shown ip Fig, 1o tREJWMEIOUS, yont i on,

hollow fiber membranes 2 are divided into a plurality of small bundles 8

at€agh of which comprises:a RlWraditeofhallow; fiber sremiuapes 2. &EaChz 1 case

small bundle fixing 10 member Obi is provided for each small bundle 8,
3 amd ihe spmilbunsie riing membesplugstie hokow portiaissatihea rate of
bottom end portions of the respective hollow fiber membranes 2 of each
themalldaundfe :&and #tegedlly bundles and fixesdhe hollowffib&e cylindrical
membranes 2 of each small bundle. The respective small bundle fixing
camenibers 15°Gbiformeasisarances 4bc between them and are positioned
independently from each other. That is, the respective small bundle fixing
[ CRretrbersrOBi et dvidedinaege HGEMEAFoMTERh L 6ther &t thé Boldifention
ends of the respective small bundles 8_suspended from the hollow fiber

shpigmbrafe fixing heMBErAE Sl 2B thei respediERBSHbRS car b divided
. _varied by the flyid (raw. water, or air for air scrubbing) passing through the
P b (5055 TR hONBRARE mierBrane hod et (RETPELees
invention, it ds preferred that the hollow fiber.membrane plugging member; . .
o L0 10 ol poond SUTRE Bolor end b oNS oF R D5 ¢ 7479

me&%lgvéfwﬁ g‘g@m%%i%!? Loy Q&q Qﬁaﬁ@l lﬁé@éﬁoé %m ad”ngut[:'k%esma 11 bundle

fixing member plugs the hollow portions at the bottom end portions
of the respective hollow fiber membranes 2 of each small bundle
8 and integrally bundles and fixes the hollow fiber membranes 2
of each small bundle. The respective small bundle fixing members
dbi form clearances 4bc between them and are positioned
independently from each other. That is, the respective small
bundle fixing members 4bi are provided independently from each
other at the bottom ends of the respective small bundles 8
suspended from the hollow fiber membrane fixing member 4a, ana
their respective positions can be varied by the fluid {(raw water
or air for air scrubbing) passing through the clearances 4bc.
06257 In the hollow fiber membrane module of the invention, it
is preferred that the hollow fiber membrane plugging member for
plugging the hollow portions at the botteom end porticns of the
hollow fiber membranes is provided as a plurality of small bundle

fixing members 4bi independent from each other with clearances

11
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fixing members 4bi independent from each other with clearances 11
formed between them as shown as the hollow fiber membrane plugging
members 4b of the hollow fiber membrane module 1 of Fig. 1. [0026]
However, the hollow fiber membrane plugging member can also be
formed of one end plate. In the case where the hollow s fiber membrane

£ o PGgIng inemheris formed.of ongend plate: itds, preferedsthat theend,gging

plate is fixed to the cylindrical case 3 in such a state as to close the
meQperingfp attherhotiom eod of ithe cytingrcal casedardthat awultiglg. 1.
fluid passages communicating between the inside and the outside of the
[0LR&ylindricalcase Tare avanged Ashmifonalycaspessiblecothe mptanieer can
of the end plate, avoiding the portions where the bottom ends of the
alpollow portiosiofbthectistiow fiberlmemmbrahes 2r@recpkgygede 0027 e hollow
Further, without using the small bundle fixing members a Obi and the end
1 bRafelngPRIGHIRg MhateHANf dYEBE Pfeéte E PHEEHe blRWEPBROMB & the 1T 1S
bottom ends of the respective hollow fiber membranes or the bottom ends

P8 feredpbitive Hofof Tbet embranes sy bé chishéd/ by narical case 3
pressurization, so that the r specti\{% hollow ,fiber%embraneSEre merel

insﬁélﬁ 3e&?r%lﬁ$tr?esh6ﬁ0\ﬁ (DaF 20 e RiBrEE fixi r%%mtt%? A T this nd of

case, the hollow fiber membrane pluggi ember is formed-by.the
S AT e Fllow petons St The tettor ehds o1 feredpatie Passages

cofRliow fibet fpembranes. [0028LIn the.hollow fibar mgnabrane mogule g ¢pe

the invention, a 25 filtration region of the hollow fiber membranes refers to
cyﬂﬁhdrical case 3 are arranged as uniformly as possible on the

plane of the end plate, aveiding the porticons where the bottom
ends of the holliow portions of the hollow fiber membranes 2 are
plugged.

[00277 Further, withcout using the small bundle fixing members
4bi and the end plate, a plugging materizal may be injected into
the hollow portions at the bottom ends ¢f the respective hollow
fiber membranes or the bottom ends of the respective hollow fiber
membranes may be crushed by pressurization, so that the respective
hollow fiber membranes are merely suspended £rom the hollow fiber
membrane fixing member 4a. In this case, the hollow fiber
membrane plugging member is formed by the plugging of the hollow
portions at the bottom ends of the respective hollow fiber
memoranes.

[00287 In the hollow fiber membrane module of the invention, a
filtration region of the hollow fiber membranes refers to the

membrane surface region where the raw water in contact with the

12
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membrane surface region where the raw water in contact with the 12
outer surfaces of the hollow fiber membranes can be filtered through the
hollow fiber membranes, to flow into the hollow portions of the hollow
fiber membranes as a filtrate. [0029] In the hollow fiber membrane module
of the invention, it 5 is preferred that the hollow fiber membrane bundle

outempyses hundreds totens of thawsands of hellovwfhersmeawranessiltered
[0030] In the hollow fiber membrane module of the invention, in the case

+ hwhete therkollow fieer niembranedundie: isdivided intlewa plaradityofe hollow
small bundles, it is preferred that the number of io the hollow fiber
pomembranes fotmingeaobsnidlbbundlernis tensete Housands.{083¢]. A
shape of the respective small bundle fixing members (adhered portion B)
[084A be arbitrary findlldinga kirculsambylirdernsphere, ebnehpyramig eten, it
The small bundle fixing is members (adhered portion B) 4bi of Fig. 1 are
1s crairareiriefd 2[00 ETRC AdRBer bPSRalBURARE DbRiiAed By comprises
dividing the numerous hollow fiber membranes of the hollow fiber
hUREfbanEC bR &Hd thehiiABEofHollOW fitEF niemBramis oréath® -
| bundle can be_selected to obtain the inten effects in reference .
10335 the SiAEP ad T o P SRR CHSA S e i el o Sa 7
en{OURUIREmEMbIanG, 16, (0033 Eor xpmiple; dndlig g o AN g s neo
“fiber membrane module comprising a cylindrical case 3 having a diameter

a };9{@?8%&%97 tg fagﬁleit]io%m%@,ai%ngg] Bfr%%iilsg&) t@n%qo"t{th%ogﬁmber of

mm and hollow 25 fiber membranes 2, each having a diameter of about
th@- %10 8BQUEiber membranes forming each small bundle is tens to

thousands.

[0031] A shape of the respective small bundle fixing members
(adhered portion B) can be arbitrary, including a circular
cylinder, sphere, cone, pyramid, etc. The small bundle fixing
members (adhered portion B) 4bi of Fig. 1 are circular cylinders.
[0032] The number of small bundles obtained by dividing the
numercus hollow fiber membranes of the hollow fiber membrane
bundle and the number of hollow fiber membranes of each small
bundle can be selected to obtain the intended effects in reference
tc the diameter and length of the cylindrical case, the diameter
of esach hollow fiber membrane, etcC.

[0033] For example, in the case of a hollow fiber membrane module
comprising a cylindrical case 3 having a diameter of about 50 to
about 400 mm and & length of about 500 to about 3000 mm and hollow
fiber membranes 2, each having a diameter of about 0.5 to about

2 mm, it is preferred that the number of the small bundles 8 1is
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2 mm, it is preferred that the number of the small bundles 8 is 13 in the
range of about 3 to about 1000. A more preferred range is 3 to 50. If the
number of the small bundles 8 is too small, the suspended matter
discharge capability becomes too low. If the number of the small bundles
8 is larger on the contrary, the 5 production of the hollow fiber membrane

1nmodule 4-Recomes prore complicaied thaugivthe suspended-@aliered range
discharge capability becomes higher. [0034] It is preferred that the

i s nEInkersof holtowv fiker mempkranes 2Herminglone-small bunglle 8 is SO tomall,
2000. If the number of hollow 10 fiber membranes 2 forming one small

thbuadlect isismaliathecunibercdfzsmall bapdles Biingréasesypand thee low. If
production of the hollow fiber membrane module 1 becomes complicated

thasdesetibedbéfore sifthe munberst Rollew fibet ereribranes Qfakmingy, the
one small bundle 8 is too large on the contrary, the suspended matter is

prighiesom I5€ dep6sitetiinttie tlefansssornmed amehd thelhbiRvPTissr more
membranes 2. [0035] The material of the hollow fiber membranes in the,

CORBRGW AT mEMBrahe B dGiE Bt the! ffvelitor Rindt eSpeaHaly imfeget 11ty

b Examéjliﬁo the material of the hollow fiber membranes include 20 a

85819% Ifoné, eolfyethersulfone, polyacrylonitrile, polyimide, polyetherimide,

[089'&’?“9% PQ'%%&%%%‘;PE%%F*{: ﬁPé’{yeﬁl%gSH}ﬁiE‘é"é%‘ﬁ ’hﬁﬁl'l%‘%by%?;e r membranes

polypropylene,” ethylene-vinyl alcohol copolymer, cellulose, cellulose

2 faoq_f"rﬁtr‘?g BHWM@?%@JHH‘?@@i%@/!?@%’?@@ﬂl:'or%hc%@ﬁ&%er of hollow

copolymer, polytetrafluoroethylene, etc. and their composite
fiber membranes 2 forming one small buncle 8 is small, the number

of small bundles 8 increases, and the production ¢f the hollow
fiber membrane module 1 becomes complicated as described before.
If the number of hollow fiber membranes 2 forming cne small bundle
8 is too large on the contrary, the suspended matter is liable
to be deposited in the clearances formed among the hollow fiber
membransas 2.

[00357 The material of the hollow fiber membranes in The hollow
fiber membrane module of the inventicon is not especilally limited.
Examples of the material of the hollow fiber membranes include
a polysulfone, polyethersulfone, polyacrylonitrile, polyimide,
polyetherimide, polyamide, polyetherketone,
polyetheretherketons, polvethylene, polypropylene,
ethylene-vinyl aléohol copolynmer, cellulose, cellulose acetate,
polyvinylidene fluoride, ethylene-tetraflucrcethylene
copolymer, polytetraflucroethylene, etc. and thelr composite

materials.
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materials. 14 [0036] It is preferred that the outer diameter of the hollow
fiber membranes in the hollow fiber membrane module of the invention is
0.3 to 3 mm. If the outer diameter of hollow fiber membranes is too small,
there is such a problem that the hollow 5 fiber membranes are broken and
damaged when the hollow fiber membranes are handled for producing

[ otheshollow fiber ?ﬂ endyane dmodule eruhen therhellow fiber-membrare hol 10w
(6]

module is used for filtration or washed, etc. On the contrary, if the outer

£ i giametemistoadargenthemuimber obhollpveiiber meeimbranes thalcbd ber the
10 inserted into a cylindrical case of the same size decreases to cause

insecitaqroblen (Batthefitrationidreahdecreasesdli asngreferred thatthe fiber
membrane thickness of hollow fiber membranes is 0.1 to 1 mm. If the

merembraneithicknessiig ido siiadirthere Bustichraprobléarthidtalie the hollow
membranes are broken by pressure, and 15 if the membrane thickness is

L1 kRl affE 6 B Eoritidty iR ke Bre2 Blc K pibhléfls We Preddife issslany fiber

rise of raw material cost. [0037] The hollow fiber membrane fixing

W%aﬁﬁéré@ﬁ&%%ﬂ AP ha RE QST TErmEE of 8 &S, fPfowapgorane
n is mad to fI IEPetT clear nces form amon I% umerous
o f o e 5 oGR8 e Rowed £or
fll er, embranes gn%the hoIIovpflegzr membranes are§ tthelr ell"lglamet@r
por

e thie Rollow fiber ménbrane iXing Fember (aaﬁﬁére fion A 4a IS

:Lsfofg‘c?dl‘é(%réhe pplloy, portions, of the respegtive hollow fiber mempranes, , 4.

kept open. This forming work is generally called 25 potting and is widely
1nkROWRG into a cylindrical case of the same size decreases to

cause such a problem that the filtration area decreases. It is
preferred that the membrane thickness of hollow fiber membranes
is 0.1 to 1 mm. If the membrane thickness is toc small, there
is such a problem that the membranes are broken by pressure, and
if the membrane thickness is too large on the contrary, there are
such prcblems as pressure loss and rise of raw material cost.
[0037] The hollow fiber membrane fixing member (adhered portion
A) 4a is usually formed of a resin. If a flowable resin is made
to flow into the clearances formed among the numercus hollow fiber
membranes and subsequently solidified to fix the hollow fiber
membranes, and the hollow fiber membranes are cut at their ends,
then the hollow fiber membrane fixing member {(adhered portion A)
4a is formed with the hollow portions of the respective hollow
fiber membranes kept open. This forming'workjjsgenerally called
potting and is widely known.

[0C38] The hollow fiber membrane plugging member (adhered
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[0038] The hollow fiber membrane plugging member (adhered 15 portion
B) 4b or the small bundle fixing members (adhered portion B) Obi are
usually also formed of a resin. A desired amount of a flowable resin is
penetrated into the hollow portions of hollow fiber membranes, to plug the
hollow portions. In the case where 5 an end plate is used, the same resin

is . used to fix the hollow fib emhranes and to form the end plate. In the
DO ol BLCIEe DhABA & Ehandy Reibe fpap e red B8 son

mgembrane bundle are _used, the same tesin is used to fix the hollaw fibe
B e e e s Lo e or

a elesin usedJo form the hollow figey membrane fixind, MEMPELe, £ o110y

hollow fiber membranes plugging member and the small "bundle fixing

£ 1 embersy, 2R £POXYJesi. Ly ethane fasin.Lp@Y: aghdate resiRneIC:£38 where
be preferably used, since they can be used for general purposes and are

anloy i gost eadismals brthes isinflueace opwates quakity. (040 Thene hollow
hollow fiber membrane module of the invention, having a water collection

ficaprinstaied atthe tapraf thereylindrieal! gasetand afmair irtrodaeindiere small
cylinder installed at the bottom, is used for filtering raw water. That is, in

buthéllkaollovw fibén 20 ingrrbrangimadule I alwaterfcdifectiverdapBfobundle are
collecting the filtrate discharged from the openings of the hollow portions

usggl,ofthé holBw filser embraines2 onté iffe sade daProfthediolRoranes
fiber membrane fixing member 4a where the hollow portions 2a of the

aNRolid fib&Fmehfhranés 2 dretpefed i dtachelts five 25 cylindrical

se 3. The water collection cap 5 has a filtrate
[0 %91 As the resj!n used tg form the hollow fiber membrane fixing

member, the hollow fiber membranes plugging member and the small
bundle fixing members, an epoxy resih, urethane resin, epoxy
acrylate resin, etc. can be preferably used, since they can be
used for general purposes and are low in cost and small in the
influence on water quality.

[00407 The hollow fiber membrane module of the invention, having
a water collection cap installed at the top of the cylindrical
case and an alr introducing cylinder installed at the bottom, is
used for filtering raw water. That 1s, in the hollow fiber
membrane module 1, a water collection cap 5 for cellecting the
filtrate discharged from the copenings of the hollow portions Za
of the hollow fiber membranes 2 onto the surface 4aFl of the hollow
fiber membrane fixing member 4a where the hollow portions Za of
the hollow fiber membranes 2 are cpened, 1ls attached to the
cylindrical case 3. The water collecticn cap 5 has a filtrate

outlet € for gulding the collected filtrate ocutside. Arcund the
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outlet 6 for guiding the collected filtrate outside. Around the 16 opening
3b at the bottom end of the cylindrical case 3, an air introducing cylinder 7
for introducing compressed air into the cylindrical case 3 for air scrubbing
is installed. [0041] The cylindrical case 3, the water collection cap 5 and 5
the air introducing cylinder 7 are usually formed of a resin. Examples of

oplE %85%@t%ﬂ%%ﬁ@é&&@ﬁ%‘”&?‘j&%%‘fﬂ NLESINSSUCNAS s an air

poly ylene resin, polypropylene and polybuténe, fluorine resins such as

i npolytetrafuoresthylene(PTHRE), perflug PFMressed air into the

tetrafluoroethylene-hexafluoropropylene 10 (FEP),

cy@&hymetwaﬂg@aoe;hw@@e AETFE).r polychioratdfluereethyleng (PCTFE),
ethylene chlorotrifluoroethylene (ECTFE) and polyvinylidene fluoride

[ 0(RVDF)ehdorne tesins sach as polpjinylrehloridesand qaalydnylidensap 5 and
chloride, polysulfone resin, polyethersulfone 15 resin, poiyallylsulfone

theesin palyphenylsthecresin, L adstonitrilecbutadienklstyfamsregpolyfmer resin.
resin (ABS), acrylonitrile-styrene copolymer resin, polyphenylene sulfide

Ex payid gsolyaritide mesi,(polyesrbonateriesin gitybtherketorel vesinpolyolefin
polyetheretherketone resin, etc. Any one of these resins 20 can be used

regighe Srfodt Riore %Fﬂﬁ‘ﬁ%ﬁrf&l%éfbe DseyRE %M%?ea[’%mlwtene r
c lindrical case 3, the water collection cap 5 and _the air introducing

Eﬁ?lﬁﬁoré? 7 CanalSs be Foirhed 8‘fsan;F6’cP~|¥F %“ra‘%@ﬁ&ﬁ%ﬁ%%%ﬁ?%es thé *TEE)

erlal |n s cas m|nu talnles% efl or the like.. Gan be
ber {ﬁ lf v uoroe ene-nexaflucropropylene
afera yuse For
(FEP}, ethylene-tetrafluorosthylene {ETFE) ,
polychlorotrifluoroethylene (PCTFE}, ethylene

chlorotriflucroethylene (ECTFE} and polyvinvylidene flucride
(PVDF), chlcrine resins such as polyvinyl c¢hloride and
polyvinylidene chloride, polysulfone resin, polyethersulfone
resin, polyvallyisulfone resin, polyphenylether resin,
acrylonitrile-butadiene-styrene copolymer resin (ABé),
acrylonitrile-styrene copolymer resin, polyphenylene sulfide
resin, polyamide resin, polycarbonate resin, polyetherketone
resin, polyetheretherketone resin, etc. Any one of these resins
can be used alicne or two or more of them can also be used as a
mixture. |

[0C42] The cylindrical case 3, the water collection cap 5 and
the air intrcoducing cylinder 7 can also be formed of any other
material tThan a resin. As the material in this case, aluminum,
stainless steel or the like can be preferably used. Further, a

composite material such as a composite comprising a resin and a
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composite material such as a composite comprising a resin and a 17
metal, glass fiber reinforced resin or carbon fiber reinforced resin can also
be used. Meanwhile, the cylindrical case 3, the water collection cap 5 and
the air introducing cylinder 7 can also be formed of respectively different
materials. o [0043] In the hollow fiber membrane module of the invention,

meiNg) cirgumierentigbwall of the, cylindrical case,is atleastpartiglly PENEEorceq

of a perforated member, and the average hole area rate of the

reSifclmigrentiabwall in saey'l ower-partion of the gylindricak 62881 250013, the
less. An example of it is explained below in io reference to Figs. 1 and 2.

wal0D44]dAige2 13 an expansiongptanof the cirewamferential wall iekthe 7 can also
cylindrical case 3 shown in Fig. 1. In Figs. 1 and 2, the circumferential
bewatlof¢lve cylinckicakcaser2 bf thel idkove fibematembeane.module 1 of
the invention is at least partially formed 15 of a perforated member 3c
[OR4vihg rheshlyseHeratiorist ahe tHeeaberie Noldlarearratelsf thevention, the
circumferential wall in the lower portion of the cylindrical case 3 is 25% or
ciegyrfRa sgifcimnfarentia? Wl i dhe Iswerpotidresiie cyfintipiRalr dadet3ally
refers to the circumferential wall in the portion (region B 20 surrounded by

o SROKER IMETRIGT 2 6 tERREof e holltw A TR e PGGg S OF

member4 small bu dle fi embers 4b|) beI Wthe proxim
th@eﬁﬁﬁFﬁgsué i {Posti oﬁq |r113t>ii ica ng: Y ArTOW F n%o [f]ong?fud’ grieal

dgectlonz(glgrectlon of %rroxg‘zg% in,Fi Zi of the cyllnqulcaé gase 3,2210045] . .

ca
Elg. 3isa part|a ly en?arge View of the Girclimferential
reference tco Figs. 1 and 2.

[0044] Fig. 2 1s an expansion plan of the circumferential wall
of the cylindrical case 3 shown in Fig. 1. In Figs. 1 and 2, the
circumferential wall of the cylindrical case 3 of the hollow fiber
membrane module 1 of the invention is at least partially formed
of a perforated member 3c having mesh perforations, and the
average hole area rate of the circumferential wall in the lower
portion o©of the c¢ylindrical case 3 1is 25% or less. The
circumferential wall in the lower portion of the cylindrical case
3 refers to the circumferential wall in the portion {region B
surrounded by & broken line in Fig. 2) on the side of the hollow
fiber membrane plugging member 4b (small bundle fixing members
4bi) below the approximately central position (position indicated
by arrow F in Fig. 2} in the longitudinal direction (direction
of arrow E in Fig. 2) of the cylindrical case 3.

[0045] Fig. 3isapartiallyenlarged view of the circumferential

wall of the cylindrical case 3. In Fig. 3, the circumferential
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wall of the cylindrical case 3. In Fig. 3, the circumferential 18 wall can be
classified into open portions 9 and wire portions 10. If the projected area
of the region B is X in the expansion plan of the circumferential wall in
Fig. 2 and the sum of the projected areas of the respective open portions
9in Fig. 3is Y, then the 5 average hole area rate of the circumferential

wa yalbinthelowers porion {regiog B%&ﬁ%%%Eﬁ'&H'@tgdafﬁ%@{@‘ﬁ%?@fa&s 10.
I00(%). [0046] The circumferential wall in the upper portion of the

1 £ cylinddeq) rasedirefessto the: gircumterential walkin the partion(egionAp1an
of Fig. 2) on the side of the hollow fiber 10 membrane fixing member 4a

o f ahoye-thecap@roximatelylcentral positign (pasition indicated byrarsoprbircred

Fig. 2) in the longitudinal direction (direction of arrow E in Fig. 2) of the
areglindricalicases3 ot dveragedoleareasate 6f the Cirgunifeientigl walkn the

in the upper portion (region A) can also be 15 calculated similarly from
avgi@dpoehentivaed forsulal (0047 CTives distribision iof the @peniportivaslower
(the distribution of positions and hole areas of the respective open
poﬁBﬁFﬁhs@)@%ﬂ% &?C%ﬁ@ﬁtiﬁﬁ%ﬁﬂ%%ﬁmcﬁPéﬁ%@ﬁ ca¥pg a 00 (%) .
uniform distribution or a non-uniform distribution in the 20 longitudinal
(0@ &etiord (Verficd GitBEFaH T tRe cYifldrical cisE ARBREINKGmT1on of the
- iﬁtfi utié)é] in th% cir%umfegentisal tdiregtion is.notgwgferred, singe raw,
Y EtSHOW and A Tlow beeSme noh-uniforfr The'h Wer portio (‘r”eagl&n By "€
may_als Pe at le tg@rt' Il Iikg a heeﬁt free_from pe o;&egiong at all, 25 .

T . . 1 n b
pofd’o%%%‘ It s%?é‘f%rrlreqésthatt éﬁvera)ge I%ole area ra éeoPt e O TCOW LLbet
membrane fixing member 4a above the approximately central
position (position indicated by arrow F in Fig. 2) in the
longitudinal direction (direction of arrow E in Fig. 2) of the
cylindrical case 3. The average hole area rate of the
circumferential wall in the upper portion {(regicn A) can also be
calculated similarly from the abovementicned formula.

[0047] The distribution of the open porticns (the distribution
of positions and hole areas of the respective open portions 9)
in the circumferential wall of the cylindrical case 32 can be a
uniform distribution or a non-uniform distribution in the
longitudinal direction (vertical directicon} of the cylindrical
case. A non-uniform distribution in the cilrcumferential
direction is not preferred, since raw water flow and air flow
become non-uniform. The lower portion {region B) may also be,
at least partially, like a sheet free from perforations at all.

[0048] It is preferred that the average hole area rate of the

upper porticn (region A) is larger than the average hole area rate
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upper portion (region A) is larger than the average hole area rate 19 of
the lower portion (region B) . For example, it is preferred that the average
hole area rate of the upper portion (region A) is 30 to 70%, and that the
difference between the upper portion (region A) and the lower portion
(region B) in average hole area s rate is 10% or more. [0049] The

C)élkilndr'ical case haging a ?ircumfere% jal wall having average hole area
of S Sl BN SRR region . w?r exdmple, “Tt 1s.ﬁreferred
rates as described above canbe prepared, for example, by arranging

th%iﬁe{ﬁ@t pedaor %qurgbg(:s%geﬁpgggvgly with lﬁrﬁrg@&ergg%%&\{er&%egion A)

ole area rates for the upper halt and 10 the lower half. Further, the

1 scylindrical pase-having the averager hole.area e inthe upeenbaltkepbrtion
higher than the average hole area rate in the lower half can be prepared,

(riof examplesky forming the endire cigumietendial wallof the-ayigdrigal e area
case using a perforated member having a predetermined average hole
rafeea mte k5 andmvedaying another perforated member having the same
or different average hole area rate onto the lower half. [0050] As the
{ 0 péforat@d enemberdmstaliddan tkehcircumiferenitiat wdlkoftheicylindritalhaving
case, a sheet member having such perforations like meshes, net or
avpuACKINGTThEtdE €an e 0S6d 2For2e exahfie A pEfofmBdaheet pfehber for
or cylindrical member obtained by molding a resin, a metal screen .
SXBPMpBsediof iR it edl ifthity RFctAISifeet eftc AR be éspectively

_Above all, it is preferred to use a perforated molded resin member, since

v R SESErRIVE 4T Mt SHEGS Whfef Gualty> 2570081] THe A Watdp = 279
thge.Lacgqf]ethhbayltP.e h(gjglog%ﬂke)%r,rq:%rgbé%ﬂelndrical case having the average
hole area rate in the upper half kept higher than the average hole
area rate in the lower half can be prepared, for example, by forming
the entire circumferential wall of the cylindrical case using a
perforated member having a predetermined average hole area rate,
and overlaying ancother perforated member having the same or
different average hole area rate onto the lower half.

[0050] As theperforatedmember installed in the circumferential
wall of the cylindrical case, a sheet member having such
perforations like meshes, net or punching metal can be used. For
example, a perforated sheet member or cylindrical member obtained
by mclding a resin, a metal screen composed of metallic wires,
punchingmetal sheet, etc. canbeused. BAboveall, it ispreferred
to use a perforated molded resin member, since it is inexpensive
and little affects water guality.

[0051] The raw water treatment by the hollow fiber membrane

nmodule 1 of the invention shown in Fig. 1 is explained below.
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module 1 of the invention shown in Fig. 1 is explained below. 20 [0052] At
first, the hollow fiber membrane module 1 is immersed in a water tank
(not shown in the drawing) with a water depth larger than the height of the
module, with the water collection cap 5 kept above. The water tank is
filled with raw water containing 5 suspended matter. If a pump or the like

[oisssed for suction freme the filtratesautlet 6refihe watersalledion capi Bl rsed
the hollow fiber membrane module 1, the raw water containing

insuspended maiter dn teowatentanieis suekethinto tha hollawdibekepth larger
membrane module 1 through the open portions 9 in the circumferential
thamlldi¢héd Ogytindficalcasecdland thraligh theaimatreducing oytinder7 cap 5
and after the raw water passes through the hollow fiber membrane
keptndlesvZ to Béfilterste the filtfatée passes arany ifdwater collecticrheggsning
through the filtrate outlet 6 and is sent to a water collection pipe (not
SUSRERATH the HE&Wing)L ‘CBNRUREBNIY iSWAtH this filtkatieie $pEicieen from
matter in the raw water is deposited on the quter surfaces of the hollow
“heipbt efbfutet 2 € Editidr, i the ' §ddiorr R perforiidd 6Athe ftrate Side L 1o
, 10 take qut the raw water frgm the water tank, for filtering the raw water,
e VP U 76 et (AR dERTeS So S Fecutteds i S0 iator 7 te”
. _supplied.i ter \ If the filtrati rtai
o Rt i The ieate L oL S e Eahe, odute

1 water collection cap 5 side:towar the raw.water side forhackwashing, = tne
and compressed air iS supplied from the air pipe (not shown in 25 the

cydraving)installedbelow-thedialiousiibenmembrane module ing cylinder 7,
and after the raw water passes through the hollow fiber membrane
bundles 2, to be filtered, the filtrate passes from the water
collection cap 5 through the filtrate outlet 6 and is sent to a
water collection pipe {noct shown in the drawing). Concurrently
with this filtration, the suspended matter in the raw water is
deposited on the outer surfaces c¢f the hellow fiber membranes 2.
Further, if the suction is performed on the filtrate side, to take
out the raw water from the water tank, for filtering the raw water,
the water level in the water tank declines. 8o, as reguired, raw
water ls supplied into the water tank.

0053} If the filtration process of & certain pericd of time is
completed, the filtrate cr compressed air is fed from the water
collecticn cap 5 side toward the raw water side for backwashing,
and compressed alr is supplied from the air pipe {(not shown in

the drawing) installed belcow the hollow fiber membrane module 1

through the air introducing cylinder 7 at the bottom ¢f the hollow
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through the air introducing cylinder 7 at the bottom of the hollow 21 fiber
membrane module 1 into the hollow fiber membrane module 1, for
air-scrubbing to discharge the suspended matter deposited in the hollow
fiber membrane module 1 outside the hollow fiber membrane module 1. 5
[0054] In the backwashing, since the filtrate or compressed air flows from

fig‘é'rd%t@n hollow fib &féﬁb{%‘&%s% 1o E%Utfﬂ?{;g“%%bse“épeer}nd&g matel qule 1,
eposited on the outer surfaces of the hollow fiber membranes 2 are

fo Eeglleﬂ—%@%%‘i%%!}k@&’ 19 beheeled from sﬁﬁ‘@%%ﬁ%ﬁjﬂ%%% Qi e osited in

hollow fiber membranes 2. Further in 10 the subsequent air scrubbing,

th@ﬂ%%@[%ﬁ@d%@%%ﬂ%ﬁé%gl@&ﬂér%g dthreugh the opendoriansybimthe fiver
circumferential wall of the cylindrical case 3 and through the air

meiftrogusingcylinden{ to outside the hollow fiber membrane module 1.
The suspended matter is kept suspended in the water tank, and after

[Olapse of mcettainp 46 lpesiodiafdime i thessuspended:matter setttles towearsled air
the bottom of the water tank. [0055] In this case, since the small bundle

£ lfixing fmemberss {ddhéted portionB)bidn thethbllewdiber niembrdrielde, the
module 1 are not fixed to the cylindrical case 3, air scrubbing causes the

suSpHiEH fitier MremBravest 2 6l beshakenasgethed WithaRe Snedll Biumdie 1 1ow

_fixing members (adhered portion B) Obi. The shaking causes the
L18GepaidmaRar tepbsited DhtfeVuter sGfsces 6rthe HAIRF fitsled from

membranes 2 to be peeled. Further, also when the suspended. matter is ,
Chg R HTPES W e AGIOY TBEr e BB RBAARS 1 the hiakdeT 1™

th%oé‘&%rs“é‘ féjgw?eanidre%énr%% rﬂ%gi,s@f‘égeéjxfgl'@}oe”%‘ed matter is discharged
through the open portions 9 in the circumferential wall of the
cylindrical case 3 and through the air introducing cylinder 7 to
outside the hollow fiber membrane module 1. The suspended matter
is keptlsuspended in the water tank, and after lapse of a certain
period of time, the suspended matter settles toward the bottom
of the water tank.

[0055] In this case, since the small bundle fixing members
(adhered portion B) 4bi in the hollow fiber membrane module 1 are
not fixed to the cylindrical case 3, air scrubbing causes the
hollow fiber membranes 2 to be shaken together with the small
bundle fixing members (adhered portionB) 4bi. The shaking causes
the suspended matter deposited on the cuter surfaces of the hollow
fiber membranes 2 tc be peeled. Further, also when the suspendad
matter is discharged from below the hollow fiber membrane module
1, the water containing suspended matter is discharged through

the clearances 4bc among the freely moving the plurality of small
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the clearances 4bc among the freely moving the plurality of small 22
bundle fixing members (adhered portion B) Obi. Therefore, the
suspended matter little remains in the hollow fiber membrane module 1,
to prevent the filtration capability from declining. Meanwhile, when the
raw water in the water tank is discharged 5 periodically, the suspended

bu%@fﬂ%?ﬁl}e?ﬁ&ﬂ%%o@cﬂ%&w@ M%ﬁ@ﬂk]ﬁ amqiscf’ﬁég;e@fore, the

outside the water tank. These processes are repeated to continue the

sufilteatiga dreatment-of; raw waterfox alang perigdkofitime Q056N ext,thes rane

flow of air at the time of air scrubbing in a 10 conventional hollow fiber
moMgrabranecmoghileris-explaivedetow i1 conparison with tiaton thec1ining.
hollow fiber membrane module of the invention. [0057] Fig. 14 is a
Mesoh@matc vettical séetianal view-showingtaeomeertionak hallow filéscharged
membrane module. In Fig. 14, a hollow 15 fiber membrane module 141
pecomprises awylinttical spsedAd havihg perfaratad portions 1aPforied it the
the circumferential wall, and hollow fiber membrane bundles comprising
wahtimetsushdlpwafiser mbmbranesd42wesommodatedmithe cyhmdiical These
case 143. The cylindrical case 143 has openings 143a and 143b at the
PTR5FERE 200t RAHES Phé Tof ¥nbis Bf the Ablidw fiber mtholaes it ©oF
are fixed t;%/ a hollow fiber membrane fixing member 144a, with the

ra‘t‘ﬂoh’&;&%ﬁr Siis 6f the holIBi e miémbr: €$ 142 kept open, and the
[042%' w g;@eggtéanﬁgﬁng %@rtfg%)tégif aﬁ:%%g-g%htlgglxsedrt %ﬁgv%%pin a

of the cylindrical case 14 ottom ends of the
coHQ%E@fgggﬂnﬁgﬂﬂ%ﬁ%ﬁber membrane module is explained below in

comparison with that in the hollow fiber membrane module of the
invention.

[0057] Fig. 14 is a schematic vertical sectional view showing
a conventicnal hollow fiber membrane module. In Fig. 14, ahollow
fiber membrane module 141 comprises a cylindrical case 143 having
perforated portions 149 formed in the circumferential wall, and
hollow fiber membrane bundles comprising numerous hollow fiber
membranes 142 accommodated in the cylindrical case 143. The
cylindrical case 143 has openings 143a and 143b at the top and
bottom ends. The fop ends of the hollow fiber membranes 142 are
fixed by a hollow fiber membrane fixing member 144a, with the
hollow portions of the hollow fiber membranes 142 kept open, and
the hellow fiber membrane fixing member 144a is liguid-tightly
fixed to the top end of the cylindrical case 143.

[0058] The bottom ends of the hollow fiber membranes 142 are

divided into a plurality of small bundles 148. Each small bundle
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divided into a plurality of small bundles 148. Each small bundle 23 148
comprises a plurality of hollow fiber membranes 142. Each of small
bundle fixing members 144bi fixes the respective hollow fiber membranes
142 of each small bundle 148 and plugs the end faces of the respective
hollow fiber membranes 142. The small 5 bundle fixing members 144bi

re not flxed to the cylindrical case ,143. The mbrane reqi
%etwegn the bot?or%%face% %hy jfeallkcl)w§ Ser m%% rane %ﬁglﬁegm é? Each

ofls%néﬁf the hollowfiber, membranes 142 and-the top face.atthe smalk 1110w

bundle fixing members I44bi is the filtration region. The circumferential

£1 Wl ofdhe 10, cylindrical case 143 Bas the pererated portions Hgs the end
uniformly distributed on the entire surface. The average hole area rate of

f athesciscurnfesentialyealkaftbereylindrical oase Hehis ahout 3004. (0059 lamall
Fig. 14, the compressed air supplied from an air pipe 15 (not shown in the

bu teavengy) sristalled istove the 4iollowwr fibes tmehdwraneonddule idilnisrical case
introduced in the direction of arrows G through the air introducing cylinder

14347 iftecstheehotioarfibef amemigraneimdthile¢at. Most ofthecar face of the
introduced into the hollow fiber membrane module 141 is discharged

hodiritelthediolBRITbEr 20 héimbrandfiteale 1414as mbicaied By ar@iwst -Per
H from the perforated portions 149 in the circumferential wall of the

megifRal %é%ealilﬁlsqﬁ?h%%\/\fé?‘b%rﬂSnt@ﬁh%“l?olﬂ%ﬁ‘ﬁﬁgrlﬁéﬁﬁﬁaﬁ% memoers
modules 141. [0060] Therefore, the hollow fiber membrane e%m 2 £ th
1486 tioh ddtFeponTdhig (5 the THGF porion B HE Hofio et miamibfarec” <72

cy22Apdule 141 are shaken by the.compiessed &y, a0d 8 susPe8ded : orm
distributed on the entire surface. The average hole area rate
of the circumferential wall of the cylindrical case 143 is about
30%.

[0059] 1In Fig. 14, the compressed air supplied from an air pipe
(not shown in the drawing) installed below the hollow fiber
membrane module 141 is introduced in the direction of arrows G
through the alr introducing cylinder 147 into the hollow fiber
membrane module 141. Most of the ailr introduced into the hollow
fiber membrane module 141 is discharged outside the hollow fiber
membrane module 141 as indicated by arrows H from the perforated
portions 149 in the circumferential wall of the cylindrical case
143 in the lower portion of the hellow fiber membrane modules 141.
00601 Therefore, the hollow fiber membranes 142 in the portion
corresponding to the lower portion of the hollow fiber membrane
module 141 are shaken by the compressed air, and the suspended

matter on the outer surfaces of the hollow fibher membranes 142
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matter on the outer surfaces of the hollow fiber membranes 142 24 are
likely to be peeled, but since the hollow fiber membranes 142 in the
portion corresponding to the upper portion of the hollow fiber membrane
module 141 are only slightly supplied with the compressed air, they are
not sufficiently shaken. if the supplied 5 amount of compressed air is

arlDereased, e foll éé’ef'ibeec% ,mgg’cbrs%_”eée ]t“r%ei”h%‘?1pc9n5“95‘"§8£r%3e‘%85‘9£”r9es 142

to the upper portion can also be shaken so much as to allow the

insltlﬁ@eﬂggq Mt%&}%@ﬁgﬁr@r@%@ %E%ﬁlegoy@wecgftm%e hollow

method increases the running cost of water treatment. io [0061] On the

£ 1ptherrhandy ihEignd asinee the hgle-argaurates of the: sijcumisrential wallkef +ne
the cylindrical case 3 in the lower portion of the hollow fiber membrane

comotte dds:ds smalkasa2e9n oy sSF thel earopressedkait intrgduced Kuthel ied
direction of arrows C through the air introducing cylinder 7 into the hollow

anfiber lsimemigrane yrcdalerlias ishowaeinddg. s litttd disehatped frambranes
the hole portions 9 (Fig. 3) of the circumferential wall of the cylindrical

143asa Finghedewerportionsfthe ollow fiber themipanse reodulédn apgn also
the hollow fiber membranes 2 can be shaken sufficiently over the entire

be |snKkeTheaiftieaehes the t8p bP'20 the IFoNBRERE: tnBaibrarte Prodile ruter
and is discharged from the upper open portions 9 (Fig. 3) as indicated by

SUBFRGRTD: (0B F s rdHE6RY e Hobw FBEPRRMBr e foaHES Tinn ing

sgow in I@g [ g%n u%e compressed air more effectively than the hollow
“Cfiber meibrahe Mot @iﬁ&‘shown in Fig. 14, to reduce the running 25

[O&%ﬁtj F%We{’ thosc%Q%ng%gmmat}_%r i?iict;“.e qi§cg%r§gg fl{:%n% hole area rate
of the circumferential wall of the cylindrical case 3 in the lower
portion of the hollow fiber membrane module 1 is as small as 25%
or less, the compressed alr introduced in the direction of arrows
C through the air introducing cylinder 7 into the hollow fiber
membrane module 1 as shown in Fig. 1 is little discharged from
the hole portions 9 (Fig. 2) of the circumferential wall of the
cylindrical case 3 in the lower portion of the hollow fiber
membrane module 1, and the hollow fiber membranes 2 can be shaken
sufficiently over the entire length. The air reaches the top of
the hollow fiber membrane module 1 and is discharged from the upper
cpen portions 9 (Fig. 3} as indicated by arrows D.

[0062] For this reason, the hollow fiber membrane module 1 shown
in Fig. 1 can use compressed alr more effectively than the hollow
fiber membrane medule 141 shown in Fig. 14, to reduce the running
cost. Further, the suspended matter is little discharged from

the open portions 9 (Fig. 3) of the cylindrical case 3 at the lower
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the open portions 9 (Fig. 3) of the cylindrical case 3 at the lower 25
portion of the hollow fiber membrane module 1 like compressed air.
Meanwhile, as described before, since the suspended matter is
discharged below the hollow fiber membrane module 1 from the air
introducing cylinder 7 through the clearances 4bc among the freely 5

oo Maving multiple small bundle fixing members Qbi, nq gﬂgg@@o 588 ced aix.

[0063] Furthermore, in the hollow fiber membrane mo 1 shown In Fig.

mednihis Peefened dpatiheayeragerhole arearate afihe Lirgumigmentiabwall . ; <

of the cylindrical case 3 in the upper so portion (region A) is larger than

d1itheaveregekale.areadate of dhecircamiesamiod nalkindhe dower paftieRs air
(region B) . In this mode, the suspended matter peeled from the outer

insudaces atthe Holloarfiberrmemittartes 21as the timesof Air serohbingésfreely
discharged outside the hollow fiber membrane module 1 from the region

mowhege isithe aveeagetzdlé akearate of theicirguméereatial walliof the problem
cylindrical case 3 in the upper portion of the hollow fiber membrane

arpfstiile 1 is large, together with the water flow from below to above in the
hollow fiber membrane module 1 caused by compressed air. 20 [0064] In

[OQRcther BRMBSRHTBAT B the NoNBW fiberm ReYHBEER BRI e L shown
inventiaon, the projected areas_of the open portions in the circumferential

An\iEiPof the CylindriEa TS iR thé ModiRS Ay Shedsmedafér e rate of the

. conti ousrlgtor stepwis ,fr%m ﬂﬂe bottom tqward the top in gha yli glrical
circumrerential %a¢ O § %rlgel Cage LT E e~ upper
case (notshown in thé drawing). 25 Ig. 4'iS a'schematic vertical

pQE%TgHE¥P$§q§HOﬂm“1§ larger than the average hole area rate of

the circumferential wall in the lower porticn (region B). In this
mode, the suspended matter peeled from the ocuter surfaces of the
hollow fiber membranes 2 at the time of air scrubbing i1s discharged
cutside the hollow fiber membrane module 1 from the regicn where
fLhe average hole area rate of the circumferential wall of the
cylindrical case 3 in the upper portion c¢f the hollow fiber
membrane module 1 is large, together with the water £low frombelow
to above in the hellow fiber membrane module 1 caused by compressed
air.

{0064] Inanother embodiment of the hollow fiber membrane module
of the invention, the projected areas of the open portions in the
circumferential wall of the cylindrical case in the mcdule may
become larger, continucusly or stepwise, from the bottom toward
the top in the cylindrical case (not shown in the drawing).
[GCe5] Fig. 4 is a schematic vertical sectional view showing a

further embodiment of the hollow fiber membrane module of the



10

15

20

25

further embodiment of the hollow fiber membrane module of the 26
invention. The difference between the module 41 of Fig. 4 and the
module 1 of Fig. 1 is that the cylindrical case 43 of the module 41 of Fig.
4 does not have the perforated portions 49 at all in the lower portion
(region B) of the cylindrical case 43 (average 5 hole area rate is 0%) .

1nyiipe; e holay figermembrape modile 41 oL Fig. 4 is ddenticat with the, 4

hollow fiber membrane module 1 of Fig. 1 in the other structure, idenfical

thBafisAegiver the same synhels: {806§] Higy biis a1 sehematic vertigal module
sectional view showing a io further other embodiment of the hollow fiber

41 membtane methie of dberiavention: Tthe-differense beiweenrtbesgodtlea1l in
51 of Fig. S and the module 41 of Fig. 4 is that the cylindrical case 53 of

ththde meolulpbitadickig ! bdwmisope Horatédtpaertiops H8conly partialbe id théaverage
upper portion (region A) of the cylindrical case 53. Since is the hollow fiber

hoprenbemenndeulessD ot Fig. Blisddenticallvithl the Rolew fibembrane module
membrane module | of Fig. 1 in the other structure, identical parts are

41 gRierf e sdmeSsyriBoIs L6 71 The éxprardsiohlpdniofifé ciretirermtapdule
wall of the cylindrical case 53 of the module 51 shown in Fig. 5 is shown

L G B6Figle  Tn this CddeS Sitderthe Coipre<dan ait Suppiied-foffelghy s” the

the mo uIe151 can be discharged only from the perforated portions 59
S & Stmied rﬂyspartially in the upper portion of the circumferential wall of the

indrical case 53, the hollow fiber membranes 2 can be efficientl .
{Oéﬁﬁﬁiﬁ%ﬁ_ % 13 a éhg aﬁﬁgzgertlﬁig]’eﬁ%lg%ai,gggﬁyshQWLng a

y%bmpresse air. On't other the suspen matter

fuggﬁggné%ﬁg?qgﬂﬂﬁﬁk%gg%g%f the hollow fiber membrane module of

the invention. The difference between the module 51 of Fig. 5
and the module 41 of Fig. 4 is that the cylindrical case 53 of
the module 51 of Fig. 5 has perforated portions 59 only partially
in the upper portion (regiocn A) of the cylindrical case 53. Since
the hellow fiber membrane module 51 of Fig. 5 is identical with
the hollow fiber membrane medule 1l of Fig. 1 in the other structure,
identical parts are given the same symbols.

[0C67] The expansion plan of the circumferential wall of the
cylindrical case 53 of the module 51 shown in Fig. 5 is shown in
Fig. 6. Inthigcase, since the compressedalr supplied frombelow
the module 51 can be discharged only from the perforated portions
59 formed only partially in the upper porticn of the
circumferential wall of the cylindrical case 53, the hollow fiber
membranes 2 can be efficiently shaken by compressed air. On the
cther hand, the suspended matter that can be discharged through

the circumferential wall of the cylindrical case 53 decreases.
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the circumferential wall of the cylindrical case 53 decreases. 27 [0068]
The open portions 9 shown in Fig. 3 and the perforated portions 59
shown in Fig. 6 are square in form, but the form can also be a polygon
such as triangle, pentagon or hexagon, or circle, ellipse, star, etc. These
forms can also be used together. 5 [0069] Fig. 7 is a schematic vertical

' ' ing a still furth bodjment of the hollow fib
{O%%cé'?”af%"fe%%%wﬁgﬁel?ﬁséﬁ?or??l%h%° Imentof the holjo é%raalfeor&ted

membrane mo The di erencgé'betweent em

po bk O6F19-500 and,the moadule 1 of Bige 145 thata bottepy capy (thaving @y can

air introducing port 77a is installed instead of the air introducing _o

a1edindes $of Gigsd at the bottormenehof the.eylindrcal £ase. /301 ther circle,
module 71 of Fig. 7. Since the module 71 of Fig. 7 is identical with the

e lhdlloyefibermembrane modulesl abligs 1darthe Dihensiructure, identicakr.
parts are given the same symbols. [0070] Fig. 8 is an expanded

[ Cperspectivieyvielv Showinglaesmall is bunde fixingsmetberadbiof ¢the showing a
hollow fiber membrane module 1 of the invention shown in Fig. 1. In Fig.

st8 lthefsmalh buneiiec dijingemenddertaisi is alcieuldridygindeefornmtofigdule of
resin. in the small bundle fixing member 4bi, a small bundle 8 comprising

thg pldtaRty ‘oftivllow fibe FrhbAfF&RES 258 TiXEE By B sin @re20 thef Fig. 7
hollow portions at the bottom ends of the respective hollow fiber

angh ity afeSUare pluggeli vy the reirt pehefralifG S thaPhdllowpbriichg? 31T
. _[0071] Fig. 9 is a perspective view showing another mode of the small .
S Tt Heriber Aot SR R PGB TSACG, e Sisefal g -7
cyflxli?z%.@rembg%‘lpjiig.a Eir%t%ayﬁ%i%ﬂg{.t'g%e %@3”05 the cylindrical case
73 of the module 71 of Fig. 7. Since the module 71 of Fig. 7 1s
identical with the hollow fiber membrane module 1 of Fig. 1 in
the ofher structure, identical parts are given the same symbols.
F0070] Fig. 8 is an exXpanded perspective view showing a small
bundle fixing member 4bli of the hollow fiber membrane module 1
of the invention shown in Fig. 1. In Fig. 8, the small bundle
fixing member 4bi is a circular cylinder formed of & resin. In
the small bundle fixing member 4bi, a small bundle 8 comprising
a plurality of hollow fiber membranes 2 is fixed by a resin, and
the hollow portions at the bottom ends of the respective hollow
fiber membranes are plugged by the resin penetrating intc the
hollow portions.

[6C71] Fig. 9 is a perspective view showing ancther mode of the
small bundle fixing member 4bi shown in Fig. 8. 1In Fig. 9, the
small bundle fixing member 4bj is a circular cylinder. The small

bundle fixing member 4bd comprises a container 4bm and a resin
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bundle fixing member 4bj comprises a container 4bm and a resin 28
packed in it and the resin bundles a plurality of hollow fiber membranes 2
forming the small bundle 8 and also plugs the hollow portions at their
ends. The small bundle fixing member 4bj is formed by disposing the
ends of multiple hollow fiber membranes 5 2 in the container 4bm,
oalbigcting,a tesin, solidifying.the;, injected sesin fan fixing the hollow fiber,, £;pey
membranes 2 and plugging the hollow portions at their ends. If this small
mepindle fixipgrmember forming.methad isiused, theends of hollow fiber 151 10w
membranes can be efficiently plugged, and the weight effect of 10 the
pogaritainer Aon ean begiven tothe heliew fibenmerabranes:2y suspeadedns is
in the module. As the material of the container 4bm, for example, a resin
foamadetal danbesised. tha metat istised,l thestentairicrAbm Canprovider ane s
a larger weight effect. As the metal used to form the container 4bm,
2 stainlebs steeh(SUSEs i4ipreferrad s{00T72PTEpreveritthatthe stiaflying the
bundle fixing members reduces the hollow fiber membrane packing rate
injhaRbeylindficancaser iths alsepréfetred tHatthe posifensisitheanpfg < and
bundle fixing members adjacent to each other are shifted in the axial
PLydctvn B (VEHiCArtREctionn of the mbddfe. §0673] EathortResiaalh Pundle
. buyndle fixing members can also be partially connected with adjace ,
£ SR ORI ng FeBeE CPARS coRnBERSH can e sitfove T b =LoeT
example, rod-like articles ar string-like articles. Since this connection .
e iKEE 55 (e bl BUPAIE-Toig TherBSrs Cohnaatod it Cach Siher |

thgo%%ntainer 4bm can be given to the hollow fiber membranes 2

ect of

suspended in the module. As the material of the container 4bm,
for example, a resin or a metal can be used. TIf a metal is used,
the container domcanprovide a larger weight effect. As themetal
used to form the container 4bm, stainless steel (3U3) isg
preferred.

[0072] To prevent that the small bundle fixing members reduces
the hollow fiber membrane packing rate in the cylindrical case,
it is also preferred that the positions of the small bundle fixing
members adjacent to each other are shifted in the axial direction
(vertical direction} of the medule.

[0073] Each of the small bundie fixing members can also be
partially connected with adjacent small bundle fixing members.
The connection can be achleved using, for example, rod-like
articles or string-~like articles. Since this connection makes
the small bundle fixing members connected with each other, it does

not happen that small bundle fixing members in a specific place
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not happen that small bundle fixing members in a specific place 29 only
are shaken, and the forces of vibration and shaking can be propagated to
other small bundle fixing members. At the same time, the positions of the
respective bundles can be gently regulated. This enhances the
dispersibility of raw water and air. The 5 enhanced dispersibility further

nhances th eﬁectacg Cprtevenggg the oc uvr,regce% lo(f} gontaﬁi%r}%igjrj rls ots

Onlnythaerleﬁeol%lﬁ iGer membr%ﬁes and the effect of Sreventi%l can be

p r.p %%‘é’i{‘é'%g @&té!‘éer%& @ﬁarff%ﬁ%ﬁ% rr? r%% g%e{%%%z?é%%“.] F:@t 1&%@ 8ame tine,

;
rspective view showing a sti the small bundle fixing

rnember Obi shown inLFig. 8, dn.Fig, < 10, the; sraall bundle fixing member =t eq.

4bk is a circular cylinder, but the bottom face is semi-spherical. The small

rThbyndle fixinge Mmember 4bkfurtherhas turbuence.gengeating mambenrsr4bt The
provided partially on the circumferentialsurface of the circular cylinder. 15
enlthedueddence generatingynfermbecrsdbheambe blades; Spiak gropves;enting
etc. formed on the surface of the small bundle fixing member 4bk. The
thenodulethavdéng-smalbbundbe fixingrmémbersspovidedwithitarbolehtew fiber
generating members can be preferably used in the case where raw water
mepoEtalrtTg FRGCH Baspénged matter 20 & fillared L iTke roasart istthan gawe tween
water and air collide with the turbulence generating members, to finely
EhgibFaeRefl<tidkes fifel Smalbih@ifes. [0075] Fig. 11 is a schematic
vertical sectional view showing the lower portion of another mode of the

[ORdttow fibeP meMmbrafePss TRidtte 15 tHeVinention SHoRhin Figh 1 -thé mode

ofdgggeg%%Efn%%%éle fixing member 4ki shown in Fig. 8. In Fig.

10, the small bundle fixing member 4bk is a circular cylinder,
but the bottom face is semi-spherical. The small bundle fixing
member 4bk further has turbulence generating members 4bt provided
partially on the circumferential surface of the circular cylinder,
The turbulence generating members 4bt can be blades, spiral
grooves, etc. formed on the surface of the small bundle fixing
member 4bk. The module having small bundle fixing members
provided with turbulence generating members can be preferably
used in the case where raw water containing much suspended matter
ig filtered. The reason is that raw water and air collide with
the turbulence generating members, to finely vibrate and shake
the small bundles.

(00781 Fig. 11 is a schematic vertical sectional view showing
the lower portion of ancther mode of the hollow fiber membrane
module 1 of the invention shown in Fig. 1. The difference between

the module 111 of Fig. 11 and the module 1 ¢f Fig. 1 is that small
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the module 111 of Fig. 11 and the module 1 of Fig. | is that small 30
bundle partition members 4bs are installed between the respective small
bundles 8 in the module 111 of Fig. 11. Further, in the module 111 of Fig.
11, a bottom cap 17 having an air inflow port 17ais installed instead of
the air introducing cylinder 7 of the 5 module 1 of Fig. 1. The bottom cap

17 js liquid-tightly bonded to the bottom end of the cylindrical case 3. In ,
buﬂ?elﬁo??%ﬁ?& &C}flﬁfnﬁﬁ%ﬁﬁf Foﬁ%?a@f?@?sliﬁ Sed R BppoSiE ke = 7e

bottom end face of the cylindrical cas Si the module 111 of Fig. 11
smag g]uncﬂe ﬁ]elr%oé?]( T%?a\f__lfg? 1?%ho|}ce€lg ?g g’u (}?x 1 the

. iy r 1
IS Identical wi e e othér- ¢ structure, T en%chl

moRAHLS are giyen Me same symbals. [Q076] Fig; %@&%%VE%SE%%‘QW port
the partition members 4bs n the module™111 of Fig. 11. The partition

17@%@‘%{565’»%%% fQHQ%@a@é%”QHHVE“ELa@%E&Q%W&%?aH&@W@ of the
installed like a lattice in the cylindrical case 3. In each of the spaces 15

noganiioneskby-the. partitionsheets: eack spall-bundle fixing: memhen Gbbonded
is positioned. If the partition members 4bs are installed, the positions of

tothentespective: senall bundles cayibe qyently Tegalate® . Thisrerdtancestiben cap
dispersibility of raw water and air. The enhanced dispersibility further

17 enhaneds thet éffect 20nofoprevenfind thes otcurtencesoficontamimation to the
spots in the hollow fiber membranes and the effect of preventing the

bomterniiidg T betvedn the respectiveisraall BaRcles: THalmateddlofpdule 111
partition members 4bs is not especially limited, but considering the

ot pohding and JubitE Huhtstng 'of arkitién eshidersibd, iF {325 préferfé® other

that the partition members 4bs are made of the same
structure, ildentical parts are given the same symbols.

(00761 Fig. 12 is a plan view showing the partition members 4bs
in themodule 111 cf Fig. 11. The partition members 4bs are formed
by lengthwise and crosswise partition sheets installed like a
lattice in the cylindrical case 3. In each of the spaces
partiticoned by the partition sheets, each small bundle fixing
member 4pi is positioned. If the partition members 4bs are
installed, the positicns of the respective small bundles can be
gently regulated. This enhances the dispersibility of raw water
and air., The enhanced dispersibility further enhances the effect
of preventing the occurrences of contamination spots in the hollow
fiber membranes and the effect of preventing the intertwining
between the respective small bundles. The material of the
partition members 4bs is not especially limited, but considering
the bonding and future dumping of partiticon members 4bs, it is
preferred that the partition members 4bs are made of the same

material as that of the cylindrical case.
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material as that of the cylindrical case. 31 [0077] Fig. 13 is a schematic
vertical sectional view showing a further mode of the hollow fiber
membrane module 1 of the invention shown in Fig. 1. A large difference
between the module 131 of Fig. 13 and the module 1 of Fig. 1 is that at
least one s hanging string 132b is provided along the hollow fiber

rofembranes formin %e%"'hcsnm%‘! byndie, in this.r ﬁar%élc?u?e‘?id% ow:mg

Flg 13 can be said to be an |mproved version of the mo

a Picedbe module 131 %'é'ghé%1%196@5%@¥V'E'Héﬂ%£%%®'?no]dﬁﬁ%'gl1 Hl‘ the

the other structure, identical parts are given the io same symbols. [0078]

inipetheicase bihe module 1 of Fig. 1, #ahellaw diber maepgipag shoftehodule

in the length between the bottom surface of the hollow fiber membrane
1 3fixing member 2azand thestopstfacelofdhe rsmall bupdlectdmng smembaet one
Obi, namely, in the length in the is filtration region than the other hollow
hafibemmembrang sié¥stsi among thie halliplechallowHibei mefibrenes@8mbranes
forming each small bundle 8, the hollow fiber membrane shorter in the
folanitly is adéstimed-fo ‘bead v welght b ther sgvatt buridie fixddyg heeiiberof Fig.
Obi more than the other hollow fiber membranes or to bear all the weight
132050t the Saalf bbRdREfiRAgHRBATE OBR JoOTO] This kitgafieifthreatesd Fig.
to cut the hollow fiber membrane shorter in the length, and the cutting
L. m&y BEFolidReli¥the dttirffof 6%er%&ﬁh6ﬁ&ﬁﬁb@@%éﬁ6&r@%ﬁ [frgdule

fib b t, th lem that th ter
S o e TR B nBh Gl TELT o BN el R e dyen the

same symbols.

[C078] In the case of the medule 1 of Fig. 1, if a hollow fiber
menbrane shorter in the length between the bottom surface of the
hollow fiber membrane fixing member 4a and the top surface of the
small bundle fixing member 4bi, namely, in the length in the
filtration region than the other hollow fiber membranes exists
among the multiple hollow fiber membranes 2 forming each small
bundle 8, the hollow fiker membrane shorter in the length is
destined to bear the weight of the small bundle fixing member 4bi
more than the other hellow fiber membranes or tobear all the weight
of the small bundle fixing member 4bi.

[0079] This situation threatens t¢ cut the hollow fiber membrane
shorter in the length, and the cutting may be followed by the
cutting of other short hollow fiber membranes. If a hollow fiber
membrane 1s cut, there i1s a problem that the raw water passes
through the cut hellow fiber membrane to flow into the filtrate.

On the other hand, it is not easy to produce a hollow fiber membrane
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On the other hand, it is not easy to produce a hollow fiber membrane 32
module while assuring that all the lengths of tens to thousands of hollow
fiber membranes forming one small bundle in the filtration region become
equal to each other. [0080] To solve the problem, in the module 131 of
Fig. 13, at 5 least one hanging string 132b is provided along the hollow

moflbgk membranes 132 fgrmingeach small hundle 138 ©One.end ofthe, ;s ands

hanging string 132b is fixed to the hollow fiber membrane fixing member

of 134afixed te the sylindrieal Gase 3 tegetherwithhthe ends 1onppeiside oF  the
the hollow fiber membranes 132, and the other end io is fixed to the small

£ 1 bupdleifixing senberk3dhhéogeiberwith theadwllewfiber membranes
132 of the small bundle 138. The length of the hanging string 132b fixed
[0aBBboth the endsrbetweensthetbottom isurfdce ofdbe holldWwifibef Fig. 13, at
membrane fixing member 134a and the top surface of the small bundle
Lefigihgrmenberri34bis hamedy, thel 5 rergth Wi thecfilratiof regoh fsidetiol 1ber
be shorter than the length of the hollow fiber membrane shortest in the
MERRETBR Tegion. MeanihileS e leAghs of e AdRow fifer niéfforangs of the
132 and the, length of the hanging strlnlga132b refer to the lengths of

haRg g Rel S ﬁ%ﬁoﬂsmﬁﬁﬁﬁ%éﬁqﬁ A PRab g STnGsene fixing

e %081]| t e an% strln ex&sts the Iogsdes orn b t e holl%\g fi e nds
membraness orter |r?lgngth anbe reﬁuce or tan 8@ ctI

ec'a'@e'”%‘tle&’e 39 the.cutting °¥fvh ligw f'%errﬁ@%@r%%”%% ?y 8"%”%"?‘[%5 §8her end

be prevente AS a matter of course, for this purpose, the durability

; sSespended,linear agicle;1320,23 against loads.mustbe karger thanthalof o : cp

hollow fiber membranes.
the hollow fiber membranes 132 of the small bundle 138. The length

of the hanging string 132b £ixed at beth the ends between the bottom
surface of the hollow fiber membrane fixing member 134a and the
top surface of the small bundle fixing member 134bi, namely, tThe
length inthe filtration region is set Lo be shorter than the length
of the hollow fiber membrane shortest in the filtration region.
Meanwhile, the lengths of the hoilow fiber membranes 132 and the
length of the hanging string 13Z2b refer to the lengths of
respectively straight hollow fiber membranes and hanging string.
[0081] 1If the hanging string 132b exists, the loads born by the
hollow fiber membranes shorter in length can be reduced or can
be perfectlyeliminated, and the cutting of hollow fiber membranes
by overloads can be prevented. As a matter of course, for this
purpose, the durability of the suspended linear article 132b
agalinst loads must be larger than that of hollow fiber membranes.

[0082] The hanging string 132b is formed, for example, of a yarn
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[0082] The hanging string 132b is formed, for example, of a yarn 33 or
rod. Examples of the yarn include a metallic wire, natural or synthetic
resin fibers, or metallic or resin tube, and examples of the rod include a
metallic rod, natural or synthetic resin rod, or metallic or resin tube.
Examples of the resin include 5 polyethylene resin, polypropylene resin,

or Viyhchlasideresin, aervlig resin,gfc; Examplesotibe metabinlyde natyra;

stainless steel, aluminum, etc. In the case where a hanging string 132b is

or &luben dt isdesicablerthat the end facesiofithetube isssealeddorang examples
preventing that raw water flows toward the filtrate side when the io tube

of shesldde damages zltris prafetredribat tweororraore hanging: «strrgsd82b rod,
are provided for each small bundle 138. The reason is that even in the

or casetwheéreconerhangmgrstringeshouldicomg o sfranf theltwollow fiber include
membrane fixing member 134a or the small bundle fixing member 134bi,

PO e bihet fran girie sthingreakyis effertively prevent the turtihg-oflkaliode resin,
fiber membranes. Example 1 !0083] A filtrate pipe was connected with the

ACHlirat€ Stfet6 6fthe hltF R ﬁﬁ%@%éméqlﬁ%ﬁﬁﬁ%efs steel,
and the hollow fiber membrane module 1 was immersed.in a water tank

2 Lifled 98 with Taw watér Witk fife filtRte Gultére ket Shve: A ptihp* wds t4oe

usedf rsuck the de of the ater collectjan c 5 to filter th
T raw wa?ero he wél%trﬂlSEI tanﬁ ﬁ)oﬁﬂ ﬁoﬁow%b{é%me%rg PEnes2 T884TT TOF

o e P e P e O
tug%ugﬂould.be damaged. It is preferred that two or more hanging
strings 132b are provided for each small bundle 138. The reason
is that even in the case where one hanging string should come off
from the hollow fiber membrane fixing member 134a or the small
bundle fixing member 134bi, the other hanging string can
effectively prevent the cutting of hollow fiber membranes.
Example 1

[0083] A filtrate pipe was connected with the filtrate outlet
6 of the hollow fiber membrane module 1 shown in Fig. 1, and the
hollow fiber membrane mocdule 1 was immersed in a water tank filled
with raw water, with the filtrate ocutlet 6 kept above. A pump
was used for sucking from the side of the water collection cap
5, to filter the raw water of the water tank.

[0084] The hollow fiber membranes 2 used in the holliow fiber
membrane module 1 were polyvinylidene fluoride porous hollow

fiber membranes having an outer diameter ¢f 0.2 mm and a length

of abcut 1000 mm. The number of the hollow fiber membranes 2
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of about 1000 mm. The number of the hollow fiber membranes 2 34
installed in the cylindrical case 3 was about 10000. The cylindrical case 3
was made of polyethylene and had an inner diameter of about 135 mm
and a length of about 1000 mm. The average hole area rate of the
circumferential wall of the cylindrical case 5 3 was 25% in the lower

inROUIPNLELAION B)and 37:3%4p {he pipRersportion (tegianA), - The,1osm of 1pe

the open portions 9 was a square (3 mm x 3 mm) in the lower portion

cyi@ﬂi@f‘i@a@n‘ﬂ:éé @C@ng!&s(?’mﬁlﬁ% X@ﬂ“ﬁﬁﬂ@r%?@%%repoﬂa” fregion-A)inner
. The thickness of the wires used for the meshed sheet forming the open

dipeHions 8 asde 8 1D respectivel\:ingthe eginsf aehB.rkhe hohewsverage
fiber membrane fixing member 4a and the small bundle fixing members

hobi awete respectivelyemade-ofifretraneiesinalieshal bundlediking-al case
members 4bi were circular cylinders and respectively had about 1400

3 oHoisfibeémmiegnsbiaries 2 pondledn Thesaridfaces cfitHe3lb. fEspettivee upper
hollow fiber membranes 2 were plugged with the urethane resin. The

PoRAbRr ofsiglirbindles BmanBundietien§peeniters 4bEwagas a square
[0085] Then, as the raw water, the lake water of Lake Biwa having a

(3 t6MBichity? oF B o S wasSs dCkE-bY 8 Purip frohf thePSide ofthe 20Wv&ierndle (3

collection cap 5 for 30 minutes, to produce 0.5 m3/m2/day of a filtrate, an
0 e £ RSB Ry e TSt b for R A P the

i [T, Byriber, it he alt serybbing, process, 1004/ of compressed, ;.
Air was bfowr ints the hoflow- fiber membrane rﬁoctiule f%hrou% the &ir

3 'aci%\‘/éa‘%%%n%%’gn %;iyz 25 for,one pupyite, Whengyer the filtaion, 511 oy fiber
membrane fixing member 4a and the small bundle fixing members 4bi
were regpectivelymade of urethaneresin. The small bundle fixing
members 4bil were circular cylinders and respectively had about
1400 hollow fiber membranes 2 bundled. The end faces o¢f the
respective hollow fiber membranes 2 were plugged with the urethane
raegin. The number cf small bundles {small bundle fixing members
4bi) was 7.

[0085] Then, as the raw water, the lake water of Lake Biwa having
a turbidity of 3 to &5 was sucked by a punp from the side of the
water collection cap 5 for 30 minutes, to produce 0.5 m°/m?/day
of & filtrate, and subsequently 1 m3/m2/day of the filtrate was
used for backwashing for I minute. Further, in the air scrubbing
process, 100 L/min of compressed air was blown into the hollow
fiber membrane module 1 through the air introducing cylinder 7

for one minute. Whenever the filtration, backwashing and air

scrubbing were repeated several times, the raw water in the water
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scrubbing were repeated several times, the raw water in the water 35
tank was discharged once. This operation was performed continuously for
about one week, and as a result, the differential pressure of the hollow
fiber membranes 2 did not rise. Comparative Example 1 s [00861 The
same hollow fiber membrane module as that of Example 1 was used to

t2Hlier ravswatersimilagy for gpe week, except thalstheraveragg ole aled o rme g

rate of the circumferential wall of the cylindrical case 3 was 30% in the

cogntiresutace ebthereircumierertiak yalkAs 3 kesult the differeptidrerent 1al
pressure of 10 the hollow fiber membranes rose at a rate of 1 kPa/day.

prExampie 2 {0@8EL Ebe hellowifiber nrembraneanoduleil3nshown #eFig.
13 was used to filter raw water. [0088] The hollow fiber membranes 132
Couped wererab8ut:3@0& 15 polyvinylidene fluoride porous hollow fiber
membranes having an outer diameter of 1.5 mm, an inner diameter of 0.
(OO afd a e Tofabout i0oomibenbTRney irtficabcasetused wasExample
the cylindrical case 3 shown in Fig. 1. The cylindrical case 3 was made of
L EPsuaRd fad ah'inRér thanitterst abButF30lmmAhd RS et of 2beEPT that
20 1000 mm. The average hole area rate of the circumferential wall _of the

CRByImtTiEaPCadt s Wakthe saé a8 that'tt Exahiplé 1S The thdtfow fiber ©F the

oy AN fixing member, 1343 gpd the small bundie fxng mermbers. o .y
Y 13461 wére respectively made of Urethane resin. The shiall bundie IXing

ci gg@ﬁg éﬁé@%ﬁﬁ lgisr Fl“;%r%cl%r':g%%r& 1And 23 respecively, bad 42010430 ¢ o¢
the hollow fiber membranes rose at a rate of 1 kPa/day.
Example 2

[0087] The hollow fiber membrane module 131 shown in Fig. 13 was
used to filter raw water.

[0088] The hollow fiber membranes 132 used were about 3000
polyvinylidene fluoride porous hollew fiber membranes having an
outer diameter of 1.5 mm, an inner diameter of 0.9 mm and a length
of about 1000 mm. The cylindrical case used was the cylindrical
case 3 shown in Fig. 1. The cylindrical case 3 was made cf ARS
and had an inner diameter of about 130 mm and a length of about
1000 mm. The average hole area rate of the circumferential wall
of the cylindrical case 3 was the same as that of Example 1. The
hollow fiber membrane fixing member 134a and the small bundle
fixing members 134bi were respectively made of urethane resin.
The small bundle fixing members 134bi were circular cylinders and
respectively had 420 to 430 hollow fiber membranes 132 bundled

and plugged at their end faces.
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and plugged at their end faces. 36 [0089] As the hanging strings 132b,
stainless steel wires having a diameter of 0.5 mm were used, and in each
small bundle 138, the lengths of the hollow fiber membranes shortest in
the filtration region (lengths of straight hollow fiber membranes) were 998
mm 5 to 1001 mm, but the lengths of the stainless steel wires excluding

LoffieRollow fiher W&E{j@?{ﬁe%es' 09 membes 1 kiaand e sIAG. s naving

IXing members 134 gths in lon region) (lengths of straight

2 Staipless steel wires)were.988 gun 10,990 mine 10090].As the [aw;watefg, the

lake water of Lake Biwa having a 10 turbidity of 3 to 5 was sucked by a

LeRYmRSTem thessideiaftherwater celiectioncanbden3l minutes,doriltration
produce 0.5 m3/m2/day of a filtrate, and subsequently 1 m3/m2/day of

rethestitralewasusesit fer: badlkyyashing fend Mibute. fitthesnadhewdire 298 mm
scrubbing process, 100 L/min of compressed air was blown into the
tohidllow rsibenmembrane guodulet 18k ¢hsoagm thesarsneedusingseylindetuding
7 for one minute. Whenever the filtration, backwashing and air scrubbing
thyere reprated SevBlinRse the X*aWIVaRSHNe the Water @ik wagma L L bundle
_discharged once. [0091] As a result, even after lapse of 12 months, the
ELRiptar& 6 the Hofow bR étbranes eotid héete eBnfiffedn al -engths

membrane rupture test. Comparative Example 2 [0092] The same hollow

oTfirmerbranc fIGHURE s thator EXHse 2 Wes uSed BSimanty fiidF
rofflpater, xeept that the hanging 25 stingsers Pt ipYidgg g e i -
turbidity of 3 to 5 was sucked by a pump from the side of the water
collection cap 5 for 30 minutes, to produce 0.5 m’/m?/day of a
filtrate, and subsequently 1 m’/m?/day of the filtrate was used
for backwashing for 1 minute. Further, in the air scrubbing
process, 100 L/min of compressed air was blown iﬁto the hollow
fiber membrane module 131 through the air introducing cylinder
7 for one minute. Whenever the filtration, backwashing and air
scrubbing were repeated severzl times, the raw water in the water
Lank was discharged once.

[0C021] As a result, even aiter lapse of 1Z months, the rupture
of the hollow fiber membranes could not be confirmed in a membrane
rupture test,

Comparative Example 2

[0092] The same hollow fiber membrane module as that of Example
2 was used to similariy filter raw water, except that the hanging

strings were not provided in the respective small bundles. As

a result, in a membrane rupture test of about 6 months later, one
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a result, in a membrane rupture test of about 6 months later, one 37
hollow fiber membrane was found to be cut, and the hollow fiber
membrane was plugged with a resin. Industrial applicability [0093]
According to the hollow fiber membrane module of the s invention, the
compressed air supplied for air scrubbing from below the hollow fiber

noMeMbrane magulg,can, be, gffectiyelyused far airsscrubping lhe ipllow, £iper

fiber membranes, and the suspended matter can be effectively

nedischatgefrom1hoth dhe §pp-and bpitery, ends of the hollow fiber
membrane module. The hollow fiber io membrane module of the invention

Ingas beiusedsior aileaw perieg of time, since the filtration capability of the
hollow fiber membranes does not decline for a long period of time. 38

[0 CEAIMS dedrHdltayy fibertrthembrdriesmodileccomprisingpa eylindiicad of the
case having openings at the top end and bottom end thereof, a hollow

infibetiembrahe bupriteresraprsiag numgnpls dolléw fibat memmbrapessy from
positioned in the vertical direction in the cylindrical case, a hollow fiber

be pismbrehd ARG dmberinstalltieaahe oy eAdCporthsoT IRe holewy used

fiber membranes for fixing the hollow fiber membranes in such a state

“otharheHollowpdttions Br'tfe hotlow! fibér ffghrranes aré'kept dpett aAgded
D oL PO e con
en{l NHOW, IO IPETD AR PRI I 00N ORI, £iver
nmembrane module of the invention can be used for a long period
of time, since the filtration capability of the hollow fiber

membranes does not decline for a long period of time.
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is fixed to the cylindrical case in such a state that the hollow fiber
membrane fixing member closes the opening at the top end 15 of the
cylindrical case, and wherein the circumferential wall of the cylindrical
case is at least partially formed of a perforated member and that the
average hole area rate of the circumferential wall in the lower portion of
the cylindrical case is 25% or less ~2x Avollow fiber membrane module
according to claim 1, wherein 20 the average hole area rate of the

1. circumferentiakwalk inthemoner pertion of the evingdrealicaseds 8fgehdrical
than the average hole area rate of the circumferential wall in the lower

capertiani 3y Ahelowdibernembrape module acearding e elaier &afhesein 1 1ow
the numerous hollow fiber membranes are divided into a plurality 25 of

1 i bamalhbuhdies ®achoflehichrgomprisesrapiaratitysof thel hellGwb filbenenbranes
membranes, and that the hollow fiber membrane plugging 39 member

pogdimprises shialt bandkeithdng embetihdapendeneirom. badh otlier ®ithe, a
clearances between the respective small bundle fixing members, for

hopiigging- RN PGHHENS dFithecreSFBERE ROV fib&Cmembrafestop end
and for bundling and integrally fixing the 5 respective hollow fiber ,

PO hierfibifafes @ edeh of the TE§TeLRVE Siaf SobiRdlds: 4 Hhoiisw fibér™ fioer
membrane, module accoyrding to,claim 3, wherein the number of small

e BhNeJo 310 50T A the RS b glety TSk MEmrahds T each oo

1 s smalpundles is 50.10,2000. 10,54 hollow fiber membrape medyle..y, . one
according to claim 4, wherein the cylindrical case has a diameter of 50 to

p1&88£9@ ﬁgﬂ@elf@%gt%fl@%tgg%rﬁ@ttom end portions of the hollow

fiber membranes for plugging the hollow portions of the hollow
fiber membranes, wherein the hollow fiber membrane fixing member
1is fixed to the cylindrical case in such a state that the hollow
fiber membrane fixing member closes the opening at the fop end
of the cylindrical case, and wherein the circumferential wall of
the cylindrical case is at least partially formed of a perforated
member and that the average hole area rate of the circumferential
wall in the lower portion of the cylindrical case is 25% or less.
2. Ahollow fiber membrane module according toclaiml, wherein
the average hole area rate of the circumferential wall in the upper
portion of the cylindrical case is larger than the average hole
area rate of the circumferential wall in the lower portion.

3. Ahollow fiber membrane module according toclaiml, wherein
the numercus hollow fiber membranes are divided into a plurality
of small bundies each of which comprises a plurality ¢f the hollow

fiber membranes, and that the hollow fiber membrane plugging
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6. A hollow fiber membrane module according to claim 3, wherein each of
the small bundle fixing members has a turbulence 15 generating member
on a surface thereof. 7. A hollow fiber membrane module according to
claim 3, wherein small bundle partition members for compartmentalizing
the respective small bundle fixing members are provided between the

mef@SPeChve smalhundle fixing members; 20, 8. A.ghow fiber, membrang: from

module according to claim 3, wherein at least one hanging string is

e aproviged alopg-thechallpwsfibers menmbranesdeuninggachafthe small pundie
bundles; one end of the hanging string is fixed to the hollow fiber

f i memrane-ixing membeowdhilasthe othel eod isdixed 4o thesaad busdlect ive.
fixing member; in each 25 of the small bundles, the length of the hanging

hogtring inia@ittration regien efthe hollow fillermyearutanesdg shotter fian ng the
40 the shortest one of the lengths of the plurality of the hollow fiber

reméﬁggqﬁ]{ﬁ@vmﬁé@@rﬂ@gm;ames as each of the respective small

bundles.

4, Ahollow fiber membrane module accerding to claim 3, wherein
the number of the small bundles is 3 to 50, and the number of hollow
fiber membranes in each of the small bundles is 50 to 2000.
5. Ahollow fiber membrane meodule according toclaim 4, wherein
the cylindrical case has a diameter of 50 to 400 mm and a length
of 500 to 3000 rmm.

o. Ahollow fiber membrane module according to ¢laim 3, wherein
each of the small bundle fixing members has a turbulence
generating member on a surface thereof.

7. Ahollow fiber membrane module according to claim 3, wherein
small bundle partition members for compartmentalizing the
respective small bundle fixing members are provided between the
respective small bundle fixing members.

8. Ahcllow fiber membrane medule according to c¢laim 3, wherein
at least one hanging string is provided along the hollow fiber
membranes forming each of the small bundles; one end ¢of the hanging
string is fixed to the hollow fiber membrane fixing member while
the other end is fixed tc the small bundle fixing member; in each
of the small bundles, the length of the hanging string in a

filtration regiocon cf the heollow fiber membranes is shorter than
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the shortest one of the lengths of the plurality of the hollow

fiber membranes in the filtration region.
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