27 February 2007 1 DESCRI PTI ON EXTERNAL PRESSURE

TYPE HOLLOW FI BER MEMBRANE MODULE TECHNI CAL FI ELD

[ 0001] The present invention relates to an externa
pressure type holl ow fi ber nmenbrane nodule used in a 5
filtering device for clarifying a | arge quantid#Fefruary 2007
raw water such as river watef, |ake water,

underground water, sea %f stic wastewater and
i ndustrial wastewater aﬁ@§§$¥ ﬁ Fing bacteri a

i ncl j 0

gener o F oW T ber Herbr s’ o6 16 C4EsHFPERE

broadly into an internal pressure type and an
external pressure type. The external pressure type of
hol | ow fi ber menbrane nodule normally has a 15
structure of bundling several hundreds to tens of

t hausands - qaf saddmw fi ber nenbranes with a | ength of
200 to 3,000 mm and an outside dianeter of the

menidrcarig of 0.1 to 5 nm accommodating the bundle in
a cylindrical case, and adhesively fixing the ends of

20 bot h si desH0 maredamerinmvadrdt iofn the: £ase Whtdnasxternal
resin. Wen adhesively fixing both ends, there are an
on@rénd ureoltveet ihod lioppd imedulreerdntkree hodda BAdSsed in a
col lection type nodule: the former is formed so as to
Shave k& lagd der ize i@@r@d@inGOIKIE.large guantity of raw
water such as river water, lake water, underground
water, sea water, domestic wastewater and industrial

wastewater and eliminating bacteria included therein.

BACKGROUND ART
10 [0002]

In general, a hollow fiber membrane module is
classified breoadly into an internal pressure type and
an external pressure type. The external pressure type
of hollow fiber membrane module normally has a
15 structure of bundling several hundreds to tens of
thousands of hollow fiber membranes with a length of
200 to 3,000 mm and an outside diameter of the membrane
of 0.1 to 5 mm, accommodating the bundle in a

cylindrical case, and adhesively fixing the ends of

20 both sides to an inner wall of the case with a resin.

When adhesively fixing both ends, there are an one-end
collection type medule and a both-ends collection type

module: the former is formed so as to have the end of



the holl ow fi ber nenbrane opened in one adhesively-

fixed part, have the hollow part of fiber nenbrane

seal ed at the other adhesively-fixed part, supply
conpressively raw water to a region sandw ched between

5 the adhesivel y-fixed parts to perneate throwfhfeqeary 2007
hol I ow fi ber menbrane, and take the filtrate out from

th 'y | y-fixed part_ in which the end of the

ol 5w T ber” 5 OpenBar ST HEETREL oF PEct GPed 56 s

to haveyt nds. 0 ol | ow fi ber pmenbrane opened

in 10 botgr?ratg’hgi?\f;a%ﬁ‘?eig%%i%‘“ér?%?taﬂd ?g 87t RaTbrane
fildaate; out fr ﬁng?ﬂ rthernore, there are a
plurality of th?%%g ;E% es !ﬁg If%ﬁ? i%%FEneﬁBPgié
bundings: s el y adhesiyely-fd xed: par b, 02l JHECRIES Lo, oy

be a I ower side when belng use el f ports are

susedhcas: d paRte fors 18 SUppPlod ng, rawwat er Lo,
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Gqn.
filtrated, and as an air supply port and a c?egnlﬁge

vasice lwat eriraut efndmur, REiGale o iRankNO: PLOLESS: from
[ 0003] When such an external pressure type hollow 2

fi bee melesdave liypdibed saused f am e W pose Of the
bacteria elimnating and clarification, it is normally
subpééred Liigea drospefleaw firld ratd dmttieprevefdriged so as
suspended solid from depositing on the surface of a
hoFPoWAVEbEFenerbirand, toe holtlve gekicodimemihysicalp@bed in
cl eanj ng such as a back wash reverse filtration and an

ai POBbb%PPﬁﬁlFSlhfééé\?féFi B2t e Rrgletidiendnice, f it Heraby out
enabl i ng ﬁ stable filtration operation. In order to

opef at'e the mBUire FHItRETEBSGe HBERGdAhe mddulad Has of

27tf?95&ﬁ£¥o%897in hollow fiber membrane bundles at the
adhesively-fixed part that becomes to be a lower side
when being used, and their ports are used as a port for
supplying raw water to be filtrated, and as an air
supply port and a cleaning waste water outlet in a
physical cleaning process.
[0003]

When such an external pressure type hollow
fiber membrane module is used for the purpose of
bacteria eliminating and clarification, it is normally
subjected to a cross flow filtration to prevent a
suspended sollid from depositing on the surface of a
hollow fiber membrane, or to the periodic physical
cleaning such as a back wash reverse filtration and an
alr bubbling to recover a filter performance, thereby
enabling a stable filtration operation. In order to

operate the module in the above method, the module has



3 an exhaust port provided at the side face of a case
in the vicinity of an adhesively-fixed part in an
upper part, and is vertically installed. Wen the
modul e is used for filtration, the raw water
containing the 5 suspended solid is supplied f#iongkuary 2007
t hrough-hole provided in the3adhesively fixed part in
the_|lo nd t he conc ntrated water is
dlscha%§é8 g ﬁPfﬁe PrOIh&GSt oFPede§¥déEZ¥hCFh@w§%ﬁ? in
facepLn, e r f the.case. Inh addition, in a
cleaglng E?SEQQyEfO i gd%uﬁ%ﬁ?ﬁd & hbddrte s 0 upper

I by, Lhe.s u ir f .
cl eaned, ¥n& €5 £§9§ﬁ8511§ 98 T?ﬁ %€6r§¥ﬁbngﬁule ‘s

t hrough-hole in t ower reby

ai riyaterom xturesfhow, gﬁg'QQWtQSte?EgEE%aﬁﬁlngbghe

oscillated by the air/water m xture

st rwméhgd@rﬁfséhgdsy§p§ﬁg§ﬂl§el bfogeposhted pn 13 the
surface of a nenbrane; en supplying raw

t ogetderda thn aifie aade disshar gi ngai pafromt Eﬁe%%%%t
port provided at the side face in the upper part of

t hepatasesndhehd | owofnard i gui oz di schar @egclfvé%%hh%r%f% the
exhaust port in such a cross flowfiltration and an

ai rextpubsbl inmg- Tl e e octastionat 1 ye dfaws  thechel Lpwer
fiber nmenbrane into the exhaust port to damage it,
andPate ©oddig [@$on ofn tded nendr anen o&caSazamﬂh@ystep by
makes stress concentrated in the vicinity of the

LG nfdr strFdce' Df Hif 2 dbihesi vetyedisddpatite t oteps of

nmbrane. (0004] In order to
e?%ﬁ%{jﬁ%Fg?ggg%%ﬁ%%éqgﬁﬂ A yoh- hOfe 1n]the lower part;

thereby forming an air/water mixture flow; making the
membrane osclllated by the air/water mixture flow:

thereby stripping off the suspended solid deposited on

15 the surface of a membrane; then supplying raw water

together with air; and discharging it from the exhaust
port provided at the side face in the upper part of the

case.

The flow of a liquid discharged from the

20  exhaust port in such a cross flow filtration and an air

25

bubbling cleaning occasionally draws the hollow fiber
membrane into the exhaust port to damage it, and the
oscillaticon of the membrane occasionally makes stress
concentrated in the wvicinity of the inner surface of an
adhesively-fixed part to rupture the hollow fiber
membrane.

[0004]

In order to efficiently discharge a deposit



27 February 2007 4 outside a nodule by exfoliating it
fromthe surface of a nenbrane by the physica

cl eani ng as descri bed above, a space rrst Febsecured

bet ween holl ow fibers, so that the hollow fiber

menbrane cannot be accommodated in the 5 nodul € herbary 2007
approxi mately the cl osest pacﬁed state, as in the

Casg.ol-an Liennal BLossuLe. Ly D8 ol e ok NS race o

<
reason, Fane- océupyi i

norﬁﬂ{éﬂb§ﬁ$ea%%gpﬁet8%9ﬁ§tafhglénﬁggéaggi%%%%E%%g% above,

rate In a housi use ereln ne

I - tjional .areas- based on the
{otlepddy dadhentrosospesthonalont pas basgdign the, i
Cragss ﬁﬁ%ﬂéﬁﬁ@&b@fQ@b£@§ﬁﬁgo@aﬁﬁgtlB%'?gggﬁgﬁgg%édogn the

the housing in a filtration region o rane.

et he HEBMNANEH S, acsompdatied Ln.a.comparative. ..o

|l ow 15 density, the distribution of the nenbrane in an

adhesiivelyhd ioad paf taofi {her s anes easi Lyptends i o.

be ununiform and the hollow fiber nmenbrane in the

vi Gioni tynicf rehesdmner rsandane:-ofcdihey aboveaadhesi yehyasing

fixed part devel ops a strong tendency to be ruptured.

20 iF0003MaAs t ke eans) .of tpr év.ent i Mthe henaheyvene-occupying

damage/rupture of a menbrane in the vicinity of the

adﬁégﬁvépyﬁfﬁ@ﬂﬁ%ﬂﬂﬁ ugfed e tvold ewdridher menbr ang,a a-otal
od _has been known which installs a current

t \ .
1025 PEnE‘QF’ SEOSR ~SRE WHGIERT By eats s Schriar e fants iofe
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thg.agg%sivegy- fixed part and arranges a | ayer of a
[

hi ghopalrfer ™ MafefFAFREG g truBldEnanes diadthaiqnpss-

insgggigﬁg§rarea based on the inside diameter of the
housing in a filtration region of the membrane. When
the membrane is accommodated in a comparative low
density, the distribution of the membrane in an
acdhesively-fixed part of the membrane easily tends to
be ununiform, and the hollow fiber membrane in the
vicinity of the inner surface of the above adhesively—
fixed part develops a streng tendency to be ruptured.
[(0005]

As the means of preventing the above
damage/rupture of a membrane in the vicinity of the
adhesively-fixed part of the hollow fiber membrane, a
method has been known which installs a current cylinder
in the vicinity of the inner surface of the adhesively-
fixed vart and arranges a layer of a high polymer
material having rubber-like elasticity in the inner

side of the adhesively-fixed part (for instance, see
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side of the adhesively-fixed part (for instance, see

27 February 2007 5 Patent Docunent 1). A nethod is

al so proposed which coats the surface ofdthefhoLIow
fiber nenbrane extending in the inner side of_ the
adhesivel y-fixed part with the same adhesive #sFekiegry 2007
for formng the 5 inner surface of the fixﬁg part ;Igr

i ns _Pat ent Docunen .. [0Q06 wever, the
net%%ggggcgggPﬁag%oLéate%tmeﬁé@éﬁéﬁta 5§a§ﬁﬂiosvi which
excellent f LN prev [ the .1 amage/ rupture
of g#%ﬁﬁb?ﬁ%egggféggc??bgggaﬁg&é?wbgﬁgﬁﬁeﬁﬁﬁgﬁﬁW® an
adhesi vehyn§i xgdihayep,0nl yyuithea, high . polymer ..
havi ng Fibber Fike eFagtPcigtl?jA_,e Bhis hey tRdge - thd xed
profdemthat the adhesivelysfixed part may l%%ﬁming the
ruptured because the pressure resistance of the part

is ﬂﬁhéﬁﬁéﬁifﬁ@e|@fagﬁétf99ed'ﬁa?fd?fokoi E%HE%@Eh%Fe
pressure resistance, it is required to adhesively fix
t heeatmenbrianeumértth @) materi al having high strength and
high elasticity, and then to forma layer of a
rubberddji ke el astic body on the inner side thereof,

so that the 20 nethod has a di sadvantage of needing a
conpl i cated Hrarrieact urimgngpriosesscandd andi gh 2@stnt O
t he other hand, the nethod according to Patent
Docireite ™ dodsshotn heveelal suf fé Cient of flectvefiting the
reventing the menbrane from being ruptured, and
aggl@?gei%utpﬁélrﬁr S emitadr artfe aferdbramel had raiptue edbut

' [ [ | o t.erm operation.
byw%%% %%?%&hn a%na%hegl ely-figéd layer only with a high

polymer having rubber-like elasticity, this may cause
the problem that the adhesively-fixed part may be

ruptured because the pressure resistance of the part is

15 inferior. 1In addition, in order to secure the pressure

20

25

resistance, it is reguired to adhesively fix the
membrane with a material having high strength and high
elasticity, and then to form a layer of & rubber-like
elastic body on the inner side thereof, so that the
method has a disadvantage of needing a complicated
manufacturing process and a high cost.

Cn the other hand, the method according to
Patent Document 2 does not have a sufficient effect of
preventing the membrane from being ruptured, and causes
the problem that the membrane is ruptured by air
bubbling in a long term operation.

[00G7]

Patent Document 1: JP-A-09-220446




[ 0007] Patent Docunent 1: JP-A-09-220446 27 February

2007 6 Patent Document 2: JP-A-10-305218 DI SCLOSURE

OF THE | NVENTI ON PROBLEM TO BE SOLVED BY THE | NVENTI ON
[0008] 5 An object of the present invention is to

provi de an external pressure type hol | ow fi ber27 February 2007
menbrane nodul e which can efficiently discharge a

deppgtg ? Dgcu n?rgne urf@ﬁ ﬁ%ﬁ@ilde a nodul e, can
oF :

use ong pe §ny rupture of a
menbrane in the 10 vicinity of the inner side of an
adhesi vel y-fi xed part caused by the flow of fl uid,

andDegwmégﬁﬁgsbgy d. MEANS FOR SOLVI NG THE
PROBLEM [ 0009] 1TH§H@H£?§EEP$ of a diligent study for

sol mkavgr et heo abeveoprop! gIsrrkhe i nventors
have found that the above obFec%Qggﬁ%gg achi eved by

conto@lding the distribution of a nmenbrane on the
i nner side of an adhesively-fixed part, and thus have

‘acconpl i shed Aheon 20-presentei p¥eathon; Ak passsQf

the finding. [0010] Specifically, the present

I nweeritv iofe wirl |exdiee rides gt besubel owpe (1) 1 ABwext BERahemnhrane

pressure type hollow fiber 25 nmenbrane nodul e

i nclagdi iy venhdl | fé bierc iembi @néi scharge a deposit on a
membrane surface ocutside a module, can be used for a
long period without any rupture of a membrane in the

10 wvicinity of the inner side of an adhesively-fixed part

caused by the flow of fluid, and can be easily

manufactured.

MEANS FOR SCLVING THE PROBLEM
[0009]

15 As a result of a diligent study for solving
the above problems, the present inventors have found
that the above object can be achieved by controlling
the distrikbution of a membrane on the inner side of an
adhesively-fixed part, and thus have accomplished the

20 present invention on the basis of the finding.

[0010]

Specifically, the present invention will be
described below.

(1) An external pressure type hollow fiber

25 membrane module including a hollow fiber membrane

bundle formed cof a plurality of hollow fiber membraneas,




bundl e formed of a plurality of hollow fiber

menbranes, 27 February 2007 7 a housing, and a nozzle

for allowing a fluid to enter and exit %hergrron]

whi ch nakes the hollow fiber nenbranes fixe

adhered to each other and co the inner wall d%’@ﬁ%umy2007
housi ng at both ends of the hollow 5 fiber nenbrane

; I t in_one side or
borh S aee o Adnes CerDoF ! 88 anaeh aAa s théo <o
| i fluid t nter,an Lt .
Cheratrom [ nst art BBy vk BaBPhckndr Senectoddtag o

t e apghesively-fixed en i.ch gq hol | ow
b g e e LG ket

occiupyd gy 4 Bt est i sn 0. 150, 91 J0% £ @&Ehoeﬁgs%f' eRS LMhen
each of PA and PB is defined as the nenbrane-occupyi ng

T atfeisodn meughbor imthd gl kA ofndhe.pozzle @Egnganin

nei ghboring region (B) of the nozzle anpng a menbrane

15 cchargesbler negionsided her ianess sHdey0f 1 B4 ends; and

adhesively- fixed part, in at |east one .

adtiesi vdley rfdaad: end ofl itdhe nppened. hol tewepast hAqthe;

vicinity of the nozzle. (2) An external pressure type

hol“Néw <fitiser 1 ramrrlane orpdulee sintd uting:ca hodl @Mising of

fiber cartridge 20 having a hollow fiber menbrane

burdi & Fémedcof daeplirealvitly xofd Iald ow: filberk the nollow
nes, of which both end parts are adhesively

nb 3 v
LOf} R8d cand RECIGH pAPES SR &t Addst PRofd off membrane-

15

20

25

dhesi vel.y-fi xed ends are opened; and a housin
gcggrs(%%é%%éﬁngrat%ﬁé car priﬁgé“aﬂ‘ﬂ’rﬁa\ﬂ%g Cx oz gleﬁ)?, 28en

o \gnacegiLuLd Le 90aE apdooit ot el
rates in neighboring region (A) of the nozzle and non-
neighboring region (B) of the nozzle among a membrane
chargeable region in the inner side of an adhesively-
fixed part, in at least one adhesively-fixed end of the
opened hollow part in the vicinity of the nozzle.

(2) An external pressure type hollow fiber
membrane medule including: a hollow fiber cartridge
having a hollow fiber membrane bundle formed of a
plurality of hollow fiber membranes, of which both end
parts are adhesively fixed and hollow parts in at least
one of adhesively-fixed ends are opened; and a housing
accommodating the cartridge and having a nozzle for
allowing a fluid to enter and exit therefrom installed
on at least one side face, in which the nozzle

installed is fixed so as to be placed in the vicinity

of the inner surface of an adhesively-fixed part in the




installed is fixed so as to be placed in the vicinity

of the inner surface of an adhesively-fixed part in

the 27 February 2007 8 opened holl ow parts side in

the hollow fiber nenbrane cartridge; wherein a ratio
PB/ PA of nembrane-occupying rates is 0.50 or 4fdrePrisiy 2007
0.95 or less, when each of PA° and PB is defined as

Lo et U Lok, LD Porclatba I Lom o
th | . b [ in the |
e A N R T L NERL N

adhegiel .y fd in, the vicinity .of the nozzle .
10 (3) The ex?%?n%lnq%éfeéskgr?é @y%g %%ﬁbﬁffi%?? sach of PA
neg@kﬁﬁ%lﬂ%“&é%fﬁé&”é%'K%é‘%éﬂ%ré%elgéc%%ﬁfﬁg'Pa%@ in

nei ghboring region (A) of the nozzle ano

SITe Fileri e o 1GRAY e regi o ivLd he, i pper, side of an
adhesi vel y- fixed part, membrane-occupying rate PC in
every gtihicr ik regjioh (@) constid utd ng Hel.ghbori Ngerrane
region (A) is 0.5 times or nore but 2.0 times or |ess

W tharekebdrce dod onmeEnbraRe-i0eeUpyd Nk rat eriRPA ddhesively-
nei ghboring region (A). (4) The external pressure type
holtkewdf Pber:, mentranedmedulve laccontidigernd (i)t {(2inity
wherein PA, 20 PBl1 and PB2 of the nenbrane-occupyi ng
raPésthaveceresrel ation of PA_ PBl > PB2 and further
PAis 0.40 or _nore but 0.60 or less and PB2 is 0.20

or nore but I'édsTHRar*terag lwiveisssacte dfyrRBhandWwPE2iber
is_defined as a_nenbrane- occupying rate in a first

noﬂgﬂgf@HSOPPH&lFeGFGHIFEPF 28 did &Tsdddnd wherein in
nopz PgheBROLLNg Leglon (B2 L0 e 090 g the membrane

chargeable region in the inner side of an adhesively-

10

fixed part, membrane-occupying rate PC in every unit

15 region (C) constituting neighboring region (A) 1s 0.5
times or more but 2.0 times or less with reference tc
membrane-occupying rate PA in neighboring region (A).

(4) The external pressure type hollow fiber
membrane module according to (1)} or {2), wherein PA,

20 PBl and PB2 of the membrane-occupying rates have the
relation of PA> PBl > PB2 and further PA is 0.40 or more
but 0.60 or less and PB2 is 0.20 or more but less than
0.40 when each of PB1 and PB2 is defined as a membrane-
cccupying rate in a first non-neighboring region (B1)

25 and a second non-neighboring region (B2) in the non-
neighboring region (B) of the nozzle among the membrane
chargeable region in the inner side of the adhesively-

fixed part.




nei ghboring region (B) of the nozzle anong the

menbrane chargeable region in the inner side of the
adhesi vely- fixed part. 27 February 2007 9 (5) The
external pressure type hollow fiber nmenbrane nodul e
according to any one of (1) to (3), wherein tafdebruary 2007
non- nei ghbori ng regi on (B) of “a nozzl e anong t he

nmenbr ane char e region in the inner side 5 of the
adhesi vel y-fi gggb%%?tegﬁ%Fﬁﬁgspé?S%aEt “8RE filgow fiber

) ) . i ; i PC | it
o L T R RS n By oAb Prg e agTon (¢8y
s ) f : : -; ] . i f o OIl. - 2

ot R R OB S PRbeFi ) TBor o cay e

10 AI@HGT%@H&{MHEW&“?QP%&&BVQErQQR%I?W%y gﬁér épﬁeg side

menbr ane nodul e according to claim

Eﬁurdferﬂhep'aadf%:iis\f@l_r{ﬁﬂqﬂ?éhi;f‘af@ei?{&frjl(ﬁ‘%gy Qfﬁé%ﬂgt one unit
nozzle of outer circunference parts o t%e ol I ow

fi heygidrenir ane duntng r b LS The: @xt e5nal ppr essyf e:
type hollow fi ber nenbrane nodule according to claim

6, mwherei N heoourient: i ale: iocyhd b SAlng region (B)
accommopdat es the hollow fiber nmenbrane bundl e inside
of list lelsas taapl ur.dl ittiynesf witthr aughehales 45 wemed hrne-
surface except the vicinity of 20 the nozzle, and has
no SCRteYghohalad & AR He vdbed micryrofightver inogz zteg 1 4i8) (B) .
The external pressure type hollow fiber nenbrane

Onpdul e accor difng e erdicsn loP 2 s aMier & wpaarho ladhesf ieer

bond Bart constituting the adhesivel y-fixed
memprane module according to claim 1 or 2, wherein a

current plate is arranged in the vicinity of the nozzle
of cuter circumference parts of the hollow fiber
membrans bundle.

15 (7) The external pressure type hollow fiber
membrane module according to claim 6, wherein the
current plate is cylindrical, accommodates the hollow
fiber membrane bundle inside of it, has a plurality of
through-holes in a wall surface except the vicinity of

20  the nozzle, and has no through-hole in the vicinity of
the nozzle.

(8} The external pressure type hollow fiber
membrane module according to claim 1 or 2, wherein an
adhesive bond part constituting the adhesively-fixed

25 part 1s made of a single layer of a high polymer
material, and has the hardness of 504 to 70D in a range
of cperating temperatures.

(9) A method for manufacturing the external




25 part is made of a single layer of a high pol ynmer
material, and has the hardness of 50A to 70D in a

range of operating tenperatures. (9) A nethod for

manuf acturing the external 27 February 2007 10

pressure type hol | ow fiber menbrane nodul e accdrfcbRgary 2007
to claim1 or 2 including: pfeviously inserting a

POl %~ 15 Dot ferib b bLARP & AETFEaee Phdalei gecerding to
ol 01 bt ronr Aret Bnd &> Wtk Reeps=t he™diat e of
2t YT 15od baPL T TH Rt g o SaneRi B pgha® "o1Low
face OF Cha ol T ow TTBer S0 THbr ank Bunki'e 1o FePRTS 2
G b R TN G S

ti RS nefrerencg, 40, aceddd ckness: ofthe trne insertion
adhesi vel y-fi xed part exist at least 1in the

adhesiavelasdd xeth pardrofn helrghhotd 19,4 Bgl 0N d N pa 15;
(10) A nethod for manufacturing the external pressure

t ype jkaeltliow farberdenbrane modide agcordd gt can€l @&hMng
1 including: accommpdating a hollow fiber nenbrane
bundl;e tihera chousimyg scasechaviayg & nogzlteo florw albeoni ng
a fluid to enter and exit therefromat |east 20 on one
10si aempages horiczenttal |fp mmottatd rmglhtersel tolust Tigre € azer i n and
a state of keepi n%_t he nozzle directing toward a
| oer sgrEetilon Td ant%a W6r iFonfala dinedés ionis having a
I njecti n _adhesive bond into the housing case under
hengtggo% .% to 0.9 tQmes wigh referené% to a
thickness of the adhesively-fixed part exist at least
in the adhesively-fixed part of neighboring region (A).
15 (10) A method for manufacturing the external
pressure type hollow fiber membrane module according to
claim 1 including: accommodating a hollow fiber
membrane bundle in a housing case having a nozzle for
allowing a fluid to enter and exit therefrom at least
20 on one side face; horizontally rotating the housing
case in a state of keeping the nozzle directing toward
a lower direction than a horizontal direction;
injecting an adhesive bond into the housing case under

the centrifugal force; and curing it to form an

25 adhesively~-fixed part.

Effect of the Inventicn

[0011]



the centrifugal force; and curing it to forman 25

adhesi vel y-fi xed part. Effect of the invention

[0011] 27 February 2007 11 An external presrs]ure typet

hol I ow fiber menbrane nodul e according to the presen

i nvention can sufficiently discharge a dep03|37p'f%ﬁrhifd 2007
on a nmenbrane surface by a physical cleanln?

technique, angd _hardly 5.causes the rupture of a. B
menbrane in the \?F%F%inta)} &F “Chiet ™ 5 Aer EIO e o f_ar?lj*
adhesi (= f a ven when a filtratlo_nvylt ,
hargﬁh%%}s{‘fcg?ggﬁga%%ﬁg*?ﬁglgu iong“haeidlprfet?l%"fl |lﬁdet?§§on can
beeg, A Of;@c- per i,ad urther can :
easi | spﬁg%fqg% u?ég. h%gﬁRﬁEéggﬁéﬁl PP CNIoE rag e rane
DRANGS:Figy 4 bayailangitudhngl, sechional vLeW 1. a1y
showi ng one exanple of a housing-integrated’holl'ow

$ i besuseabt aneripeule aecordbng Lt he 58599Eingty of the
invention; 15 Fig. 2 is an explanatory drawi ng o

" neivbtanes i ¢has geabl einegi 081 L pi a-hoysi-po=iptegrated

hol I ow fiber menbrane nodule; Fig. 3 is a
|on@illmﬁt&wnswttmomaiswiﬁMysSh@MA@geéﬂiﬁéaﬂﬁbﬁuﬁﬁn@ air
cartridge type hollow fiber 20 menbrane nodul e
acdotdinigna diahepresemtranvénfoony Fbgg debsod, and

| ongi t udi nal sectional view show ng one exanple of a
hngirﬁdi@fforcadl daft ted gy typeufdot howl f i ber menbrane
nodul e according to the present

10 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a longitudinal secticnal view
showing one example of a housing-integrated hollow
fiber membrane module according to the present

invention;

15 Fig. 2 is an explanatory drawing of "membrane

20

25

chargeable region" in a housing-integrated hollow fiber
membrane module;

Fig. 3 is a longitudinal sectional view
showing an example of a cartridge type hollow fiber
membrane module according to the present invention;

Fig. 4 is a longitudinal sectional view
showing one example of a housing for a cartridge type
hollow fiber membrane module according to the present
invention;

Fig. 5 1s a longitudinal secticnal view
showing one example of a hollow fiber membrane element

in a cartridge type hollow fiber membrane module



invention; 25 Fig. 5 is a longitudinal sectional view
showi ng one exanple of a hollow fiber nenbrane el enent
in a cartridge type hollow fiber nenbrane nodul e 27

February 2007 12 according to the present invention;
Fig. 6 is an explanatory drawing of " menbr ane 27 February 2007
chargeabl e region" in a cartﬂﬁﬁge type hol | ow fi ber

expl anatory draw ng of
Tt o ont (G5 abe57 o hg L=t he”

unitregi “pfesent invention;

Fi 8is as i opa one exa , _
cL?rent plate@? a@h%%5|ng |%?%6?a9eé dﬁswgg ?bepemb*ane
nmendr ang. yodul wding,to.1 S

|n32?t|on F|g§é€£§§ a*ge%t?%ngf 8?8 . %omﬁﬁél Hof haF "

exmmmﬁiéﬁez%éagj@pt plate in a housing-integrated
hol | ow fi ber nenbrane nodul e according to the present

9 nventi on; 15%E§g7lig\éé5é&ﬁ&%éﬁ@@}'V§r¥&§M6SQQWh”QLL
one exanple of a cross plate in a hou5|ng i ht egrat ed

holreguiorf | wgr reerdayaniesrodul enaceesbng {04 he; present
invention; Fig. 10Bis a plan view of a cross plate

20 viewed frdmaan 8X-idi reectd @ daFi @i ed 0 odndy Rige
ICC is a side view of a cross plate viewed froma
Y- ¢reg@tlicow fi i Fiug.rer0A R IBEST IMOBE HEOR: ‘CARRY ING AT ¢
THE I.NVENTI ON

hollow fiber membrane module according to the present
10 invention:

Fig. 9 is a sectional view showing another
exanple of a current plate in a housing-integrated
hollow fiber membrane module according to the present
invention;

15 Fig. 10A is a perspective view showing one
example of a cross plate in a housing-integrated hollow
fiber membrane module according to the present
invention;

Fig. 10B is a plan view of a cross plate
20 viewed from an X~-direction in Fig. 10A; and

Fig. 10C is a side view of a cross plate

viewed from a Y-direction in Fig. 10A.

BEST MODE FOR CARRYING QUT THE INVENTICN

[0012]

25 The present invention will be specifically
described below with a particular emphasis on a

preferred embodiment thereof.



[0012] 25 The present invention will be specifically
descri bed below with a particular enphasis on a

preferred enbodi nent thereof. 27 February 2007 13_In

the external pressure type nmenbrane nodul e according

to the present invention, it is inportant tha february 2007
rati o PB/ PA of nenbrane- occupyﬁng rate PA in

hbori ng regi ( of a nozzle anmong a nenbrane 5
gﬁ;?geablegreggoﬁ on” %F F%%gtpﬁﬁsﬁﬁngrtgP&emﬁﬁbéﬁ“@ module

e L B B L L DR | Do e TR i ant

occupyi ng rate PB'Tn"a Ron nei' ghb

t he-nozzl e, Q@ngpépﬁﬂngb@%ﬂgrgngrg8§8%?b£§g|8Fe|gSSLﬂ

satisfies the range o nor e

10 Whem PR RA i sod ot h@ma@se wsziéus%ﬁskngaﬁngjgggaﬁe

dep03|t on a nenbrane easily flows outside’a ne

undler fsamd he-hon; nei ghbord nge regi on, the flujd ip
t he nei ghboring regi on does not flow intensively, and

t husirtde Wanpge; ofd the-# UptiH erd fe thec geabr gnﬁah&éﬁze-
hardly caused. Wien PB/PA is less than 0.50, th

demmdqpyﬁngrmamenbyane%wMunﬂhéﬂ@ﬁﬁoifhg region (B) of
non- nei ghboring region (B) of the nozzle is too few

t o thel atdiazdley danmo  ttthe nextinere: ndndenseo b at €1 @nd
thus the fluid intensively flows therethrough, thereby
de\?@ltdﬁlfﬁgfsa thzp Itaél@(ﬂ?em,fy 4.0 darmgefrauptwr e the or less.
nmbrane in the region (B). On the other hand, when
1Ot h&TBB) BR/ P4t il dxcédds roai995, titve fienbt ane npdud ey a
uces .the effect of preferentlally di scharging a
g Flgnog ﬁeﬁﬁpgﬁénpr@ﬁﬁl y flows outside a membrane

bundle from the non-neighboring region, the fluid in
the neighboring region does not flow intensively, and
thus the damage or the rupture in the membrane is

15 hardly caused. When PB/PA is less than 0.50, the
density of the membranes which exist in non-neighboring
region (B) of the nozzle is tco few to relatively form
the extreme nondense state, and thus the fluid
intensively flows therethrough, thereby developing a

20 tendency to damage/rupture the membrane in the region
(B). On the other hand, when the PB/PA ratio exceeds
0.95, the membrane module reduces the effect of
preferentially discharging a deposit on a membrane from
the non-neighboring region. Furthermore, when the

25 PB/PA ratio exceeds 1.0, the density of the membranes
which exist in neighboring region (A) is too few to
relatively form the extreme nondense state, and thus

the flow rate there becomes to be remarkably high,



t he non- nei ghboring region. Furthernore, when the 25

PB/ PA rati o exceeds 1.0, the density of the nenbranes

whi ch exist in neighboring region (A is too fZMILO
relatively formthe extreme nondense state, and thus

the flow rate there becomes to be remarkably Kidiwebryapy 2007
February 2007 14 thereby devé oping a te;denﬁy tg/PA
danqge/ru ture the. nmenbrane in region (A). The P

ratio E%Pé;eﬁ%ﬁi&ﬁ&ngoé6ﬁe%$eﬂ%¥et nga@_@@/gpppggg,the
and er preferably, 0.7 or nd 0,90, or |ess.

3" Tse it Bhd TE SR den ofve ar i 2 Foht nel GBbeT Rib1Y
regj i i ofls nei ghbori ng regi on Bh%wa d a .
seg)lo'%) nc{)%?rh%%h rgéigg%ecé}iogg?ﬁ) %dgkd]é{‘]}ﬂ%ﬁ *%geraably

menbrang- QeEUPY] e d ~region as PBl1 and PB2,
10 the nenbrané#g%éap;?ﬁgpfgggg preferably satisfy PA

sPBl[o%13RB2, and it is particularly preferable that PA

is 0.40 or nore but 0.60 or less and PB2 is 0.20 or

more but |ess thainG.40. Jen dhe MBIPrangsQccupying. g
rates satisfy these conditions, the nenbrane nodul e

15 radequatielty: di Sthargesmra rdepPsidr Oy a AN anel) and a
surface froma nenbrane bundle, and can prevent the
nerbrane nbnomebeinty rdanagedy iom rgEd)ured bye @ fiy d
flow [0014] In the next place, the present invention

wi MEmb2erge odeserilbed tatedeétraidacni tdegiefrerend®t and PB2,
exanpl es shown in Figs. 1 and 3. Fig. 1 is an exanple

10of LR MRPEYFEE ~ORGHEYE NRaViRhE Sa thedsingy 1 whitclsfy PA >

15

20

25

itutes a nmodul e _
COESE 2 PBS, and 1t is particularly preferable that PA is

0.40 or more but 0.60 or less and PB2 is 0.20 or more
but less than 0.40. When the membrane-occupying rates
satisfy these conditions, the membrane module
adequately discharges a deposit on a membrane surface
from a membrane bundle, and can prevent the membrane
from being damaged or ruptured by a fluid flow.

[0014]

In the next place, the present invention will
be described in detail with reference to examples shown
in Figs. 1 and 3. Fig. 1 is an example of an integral
module having a housing 2 which constitutes a module
and a hollow fiber membrane 1 which are fixedly adhered
to each other, and Fig. 2 shows a cross section in a
line X-X shown in Fig. 1. 1In addition, Fig. 3 shows an
example of a cartridge type module composed of the
housing 2 (Fig. 4) and z hollow fiber membrane element

(Fig. 5), and Fig. 6 shows the cross section in a line



and a hollow fiber nmenbrane 1 which are fixedly

adhered to each other, and Fig. 2 shows a cross
section in a 25 line X-X showmn in Fig. 1. In adglflon,
Fig. 3 shows an exanple of a cartridge type nodul e
conposed of the housing 2 (Fig. 4) and a hol 128fretbrussy 2007
menbrane elenent (Fig. 5), dnd Fig. 6 shomshthe Cross
section_in a line. 27 February 2007 15 X-X shown in

Fi &2‘% Shpgt h%ng?’%neg: chaf geabPe™PEgIEn C1FRIERE LenRgg L on
side of, an, adhesively-fixed part” according to the
pre%%n{hgn%ﬁﬁf{o%l an ?%ea$%3?6ﬁ82V gfﬁ@ i HASF

surf f esjvel y-fixed part, and 5 further .
géﬁgﬁélnlh@bagﬁw ‘esgnth%?é%gth%hn%ﬁﬁpgn£ge reglon cf

means that the region can ¢

Spacid1oaldy oLhe, Jerbr ane. chplaeapl e, #9190 La-theanq

regi on surroun a curren In

Fi Furthe@ngkdSs & fagion in, Jgﬁq '6@ rcﬁ%ﬁ?e of 2 ?ﬁrélbrane,

cartridge head 9 shown in F urt nor e,

" nedghbiori 110 reg of{Varf & zlie]c according, t oy o
t he preseﬁ?mﬁﬁgvention nmeans mhé%Q%he intergection
poirmcsi cof diheroceidd aly axisioferdhe-pozzder Wthhamn in rig.
outer circunference of the nmenbrane chargeabl e region
ar & ,defrichéd as rZhiand irZ2,hea ipatdr of i dhe meabsaneri dge
chargeabl e region contained 15 in a circle drawn by
settsiagg 9 mthemgectri iy gpoitnt  Zhintheanatoserhsi e tghbdeing
nozzl e as the center and a distance between

10 nrrecdeet itdd poi mt N2z zdrd e ipei rte 2R ofpradrnt
menbr ane chargeable region as a radius. In addition,

t hé "VRBN-AET JREGE il SPegihen ‘OBE 16 oz A%in 20 wedrs
the r ignNother t han nei%hboan%bregion (A in the ~
neﬁﬁngs cRargeddl &FedPénl eFiritReffodit @he i roumierence

of the membrane chargeable region are defined as 21 and
22, a part of the membrane chargeable region contained

15 in & circle drawn by setting intersecting point 21 in al
closer side to the nozzle as the center and a distance
between intersecting point Z1 and center point Z3 of
the membrane chargeable region as a radius. In
addition, the "non-neighboring region (B) of a nozzle"

20 means the region other than neighboring region (A} in
the membrane chargeable region. Furthermore, the
"first non-neighboring region (B1)" means a part of
non-neighboring region (B) contained in a circle drawn
by setting intersection peoint Z1 as the center and a

25 distance between middle point Z4 of 22 and 73 and Z1 as
a radius. The "second non-neighboring region (B2)"
means a part of non-neighboring region (B} other than

the first non-neighboring region. 1In addition, the



"first non-nei ghboring region (Bl)" neans a part of

non- nei ghboring region (B) contained in a circle drawn

by setting intersection point Z1 as the center and a

25 di stance between mddl e point Z4 of Z2 and Z3 and

Z1 as a radius. The "second_non-nei ghboring rédiahiuary 2007

(B2)" nmeans a part of non-neighboring region (B)

mhe%gg@p erji;M nmtnaumbpﬂém region. In

addi tion,” the 27 et Uary- 2007 C 46" “ efhbr anel BcREpyThHY

rar.e " acc ' o the present _invention negans, a

rate V(”ﬁzcﬁcog%?ﬁaég%g ot %a%%t 2~ 'cr'o tsages)ec?fo‘?] Wg?ltﬂjéoss

mendyane, W area S of _an objective

regi on, alilm%4 irbsf"Ir get e?{n?r%bgr )y “gle%etrheosdj%?b 5-Qi ¥ dihg® © ©F

t he ar-ea Of sthe .qhjeqtive regi i nto. of al . cross
nal8A 1 1011, C{gggE%Q%J%#H%%é:biuéfﬁﬁ§h03KSE

sectioncal culated fromthe nu

sf i ber, inERRr ang ian:etah%fomlfeacjb\éeed'ﬁ]g}eork d, 2 ; nemybrane

10

15

20

25

out si de dianeter and by a nethod of analyzing an

| mageaM tholshe suse iofn acomuters 0 QOS] Idber of the
nei ghboring region (A), it is preferable that

nehblane- dioepymgbrate PG itheever dlide reg ot Q) a
constituting neighboring region (A) is 0.5 tinmes or
momenipreher efieseniee ctienthe rmambr &ye oceuMHN T atrea RA ing
15 in neighboring region (A). PCis nore preferably

0. 81 tinpEs withotée awg fodr eheempueker.ably is 0.7
times_or nore. This nmeans that there is no remarkably
noh8Bhsé ocal part in neighboring region (A,

thereby can nore  reliably prevent the nenbrane from
bei ng damagedoFS26°PGptiEedCIHE e, (At he ItuRiSt Predicsmble

(C%ﬂapeggébgg gggcgg%ying rate PC in every unit region
(C) constituting neighboring region (A) is 0.5 times or
more with reference to the membrane-occupying rate PA
in neighboring region (A). PC is more preferably 0.6
times or more, and further preferably is 0.7 times or
more. This means that there is no remarkably nondense
local part in neighboring region (A), thereby can more
reliably prevent the membrane from being damaged or
ruptured. Here, the "unit region (C)" means region (D)
divided by squares having a particular spacing
determined by a plurality of straight lines parallel
and orthogonal to a central axis of a nozzle when
considering intersection point Z1 of the central axis
of nozzle 3 and the membrane chargeable region as a
base point. The "particular spacing"™ is a value of 13R
when R 1s defined as an average value of the ocutside

diameter of the hollow fiber membrane. 2 divided



di vi ded by squares having a particul ar spacing

determ ned by a plurality of straight lines paralle

and orthogonal to a central axis of a nozzle when

considering intersection point ZI of the central axis

25 of nozzle 3 and the menbrane chargeabl e reg/drebasary2007

base point. The "particul ar spacing” is a value of 15R

whe i s defined as_an.average value of the outside
e F%Lel%ofl%ﬁf%?ﬁgfa%eﬁBFEnEf REgilPaedngy region

di anet er ~of

Febfyprgoggogot$§§£$§§bé%?bénaagggé%gﬁéﬁgghggahgog length

nei ghbori ng regi on oeés no

i . ding to th :
pari | ool dr” SRRGT g and” Chor Sy Ravi NG e derBbt TUE=e0
Bl aeont” di et Sort i Th B parar | &l Brt ettoh Lot

3 hecentral wxis af 1dbenozzle: s eg
havi ng an area of not %ss t han i%%%&égﬁﬁig$2%§ hgaggllel

450RZ-anyt itdte 18 niHBIm&anwiher of i o3t esgencs,; 1 and,the
coal escent region is considered as one unit 10 region.

At fichins o iy ioshena iepalrescent segion (D)s €d98s NOLR? ang
reach 225R2 by combining only the adjacent divided
sedtsison tihat He OFar alyl ehediniedtivan nbatehe o fcemtalals i,
of the nozzle, the coal escent region (D) is further
compicnédenicta leseeot e iditviided-secitdeonsd 15 amongut e
adj acent divided sections in the orthogonal direction
10 o reRd OBent Pal takiSs tiiteh résfect qco tdsoseit diad ded (D)
sections. In this case, the djvided sections to be
conBied s T68F8cfed FsoPY haP PRE 16t 8P Lar 6acordipRent
coal. t _regi.on can ge 225R2 or mpre and cl osest 20
{0 3355 Te b Bcadure wirt: b roi SpECIFIToar y °e
central axis of the nozzle, the coalescent region (D)
is further combined with one or two divided sections
15 ameng the adjacent divided sections in the orthogonal
direction to the central axis with respect to those
divided sections. 1In this case, the divided sections
to be combined is selected so that the total area of
the coalescent region can be 225R® or more and closest
20 to 225R?. The procedure will be now specifically
described with reference to an example shown in Fig. 7.
Even when divided section (D17) is combined with the
adjacent divided secticn (D16), the coalescent region
does not reach the area of 225R%, and thus is further
25 combined with divided section (D15) to form unit region
(Cl). Furthermore, divided section (D14) is combined

with divided section (D13) to form unit region (C2),

and divided section (D11) is combined with divided



described wth reference to an exanple shown in Fig.
7. Even when divided section (D17) is conbined wth
the adjacent divided section (D16), the coal escent
regi on does not reach the area of 22582, and thus is
further 25 conbined with divided section (D15)2% betrgamm2007
unit reglon (C1). Furt her norlé divi ded section (014)
i's conbin di vi ded,section (D13) to formunit
.59 D s %8 d

regfo P€Pd881§eEF96ﬁ”(ﬁ&fY ‘i s fEgbicHEg T e .
un.$ ?gé:%ﬁgf%%ﬁeﬁhtﬂ?ﬁ i SOTB AT g4 CBe b aR (DTe) *ion
(06 "0 P asa” bhet oR byt L O O ded Secttonoeoy

xiﬁlﬂ?%%:ﬁeiggﬁgﬂD%B@ Sy SR T B hegtn he

ﬁCﬂalwiééa,séég)o@ndaiF9Q1t§e§P§£&éMe£¥ct1£H ’@%? 584 form

case, D8 and D3 singularly formunit region

unid Wegt ofed(8) . ¢@§PEQ§$VE|Yc7[OQ&§](Cgﬂo AESpectlvely
non- nei ghbori ng reglon (B) preferab y contains

| east Onies Udde | gl Ah @3 CONSdh I 4t i NIFBLA- unit region
nei ghboring region (B), of which nmenbrane-occupyi ng

rat € PC4rsi hesst than & 538 nesravpdot eference to
menbr ane- occupyi ng rate PB i n non-nei ghboring region
15 (B®)L6at is particularly preferable that a plurality
of unit regions (C) of which PCis |less than 0.5
1&ines with referencd thpRB womdiuvus(E) existefalony
the center of a nenbrane bundle to the outer
ci IFEUFErenée partst (e e6FLt TR imdnbr@necodiul it ing non-
haV|n Ssucl h d i stributed

ng re glon (B}, of which membrane-occupying

rate PC is less than 0.5 times with reference to
membrane-occupying rate PB in non-neighboring region

15 (B). It is particularly preferable that a plurality of
unit regions (C) of which PC is less than 0.5 times
with reference to PB continuously exist from the center
of a membrane bundle to the outer circumference part
thereof. The membrane module having such distributed

20 membrane bundles can further improve the
dischargeability of a deposit on the membrane surface,
and thereby can prevent fluid from being concentrated
in neighboring region (A) of a nozzle.
[0017]

25 A cartridge type module as shown in Fig. 3 is
composed of a hollow fiber membrane element and a
housing having a nozzle in an upper side face, through

which raw water and/or fluid for cleaning enters and



20 nmenbr ane bundl es can further inprove the

di schargeability of a deposit on the nenbrane surface,

and thereby can prevent fluid from being concentrated

in nei ghboring region (A) of a nozzle. [0017] 25 A
cartridge type nodule as shown in Fig. 3 is &drmsbsety 2007
of a hollow fiber nmenbrane el’énent and a hou5|ng

de f t hrough which
S5 T e TR AU R GRS S
t he. hol fib menbr ane
Eﬁzﬁgq{lﬁa?‘glleXIt%ft% plﬁf%??tto%%r{ﬂgéﬂo?Pﬁﬁ/PFBer
t he hoLIOM/part of t
e AL ANeS AP fﬂpeeﬁ f% IEO‘“ b ane | 4° opeHed. “Phe
hde@NHgyﬂOdﬁfﬁﬁ%f rther é? %uralgblowlj%%wo%@ﬁt of

menbrane IS sea ity of

cholies: argy<af ranged ﬂkﬂe qﬁcllolVéé?J adhesively: f MSP% p%ééled

The hollow fiber nenbrane element is accomo
I ntbadt ehoust g (ARG 4 115 f 1 d-Hd g Ynd i xed; wi t%@angea
hol der and a sealant. It 10 is inportant to set the
holilow flichen: rRMeas=ane 18f-eBd So-dhattide hollow fiber
menbr ane- occupying rate in the nmenbrane chargeable
r egeob rianct led ciremer isi decofuaniatpperintadhesd welysfirixedq
part is not uniformbut has the dense and nondense
dlsﬁrk@Uﬂﬁoﬁsghaﬁd'ﬁum@@em1ahregmmddﬁnuanﬁ:HSgkalant It
conparatlve | ow menbr ane-occupying rate i s arranged

10i nifhérnpppbsite tei getofhehdoddesl & isfert rentiousiang: 1 efent
a resuLt of such a setting, the nodule of which a

raffot 9%/@AmﬁﬁbFﬁéen€ﬁ8P§ﬁén60é@ﬁﬁlﬁ@kﬁéﬁ%ﬁmmwrdne
ne| hbor i g 8I0n f the nozzle with reference
?ﬁa?”aﬁ ﬁo ion n e inner side of an upper

adhesively-fixed part is not uniform but has the dense
and nondense distributions, and further a region having
15 a comparative low membrane-occupying rate is arranged
in the opposite side of the nczzle of the housing. As
a result of such a setting, the module of which a ratio
PB/PA of the membrane-occupying rates in neighboring
region (A) of the nozzle with reference to that in non-
20 neighboring region (B) of the nozzle has a range of
0.50 or more but 0.95 or less shows an effect of the
present invention.
[0018]
The module according to the present invention
25 preferably has a current plate 8 which is arranged to
hold the spacing between the hollow fiber membrane
bundle and the inner wall of the housing in the

vicinity of the nozzle. The current plate 8 may be



20 nei ghboring region (B) of the nozzle has a range of
0.50 or nore but 0.95 or less shows an effect of the
present invention. [0018] The nodul e accordi ng tF the8
present invention 25 preferably has a current ate
which is arranged to hold the spacing betmeeﬁnﬂﬁéﬁumV2007
hol | ow fi ber nembrane bundl &tand the inner wall of

h t f th e.
ngren?ﬁéTat%H : §n 4 C£%£§i8?55r§%268%Zn562§rréﬁg@@th
h I bo irectians
of L Pat Do %P*ﬁ%ﬁnﬁﬁr%n Fart GFPBERraR P L heccion of

hou@h@ghéﬁglﬁ@ %aéndégﬁgilggrgé EQ% h%ugb Fgusing as

shown in Fig. ut such a cylrndrica

curdentn 51§yﬂ"ir§‘def§) bSt pé?c@ﬁrgbéglm&gbl:!agl ?)‘ ?n i;;@rent

the vicinity of the nozzle in the axia

§ he-y housing andyiseselp1o sy Lound n%??alq éf the
circunference of a hollow fiber rane e, as

shomrtimi i g Ghe Idod S pard i€ aaiyaprsigéépksnt Bat .o
the current plate 10 has no such hole as to penetrate
thrl’m,lgihlrt@eirwﬁllls ﬂd‘ﬁriﬁi@fSLﬁﬁ@Iﬁ@gﬁw @lfltéhecircumference
bilaterally symretrical range of 60 degrees to 120
degrfees Hfalomwt He loentraatbrand owfdlde aozghevandnhasg. 9.
through holes in the other region. The current plate
had “priéf @Pabliy slifgh va drefgtte s i thatheclaxi ahr dimeci one
of t he hou5|ng as to start in the inner side of an
YadRESi V8l YU x&@ 15arts ditd Rencdrd t e o har posh tilon okl

the nozzle in a central side of the
Lg S?penanQog region of the bilaterally symmetrical

range of 60 degrees to 120 degrees from the central
axis of the nozzle and has through holes in the other

region. The current plate has preferably such a length

15 1in the axial direction of the housing as to start in

the inner side of an acdhesively-fixed part and extend
to a position over the opening of the nozzle in a
central side of the housing.

In addition, the module according to the

20 present invention can also have the nozzle arranged in

25

the lower side face of a housing to introduce raw water
and/or a fluid for cleaning therein. Also, in this
case, 1t is preferable to arrange the above current
plate in the module.
[0019]

The integral type hollow fiber membrane
module having characteristics according to the

invention and the hollow fiber membrane element



In addition, the nodule according to the 20 present

i nvention can al so have the nozzle arranged in the

| oner side face of a housing to introduce raw water

and/or a fluid for cleaning therein. Also, in this

case, it is preferable to arrange the above cu#rfeghruary 2007
plate in the nodule. 25 [OOlgf*The i ntegral type

hol Low.fi - ne_.podul e having characteristics
accord?ngpgglgﬁgpﬁgnggﬁ??éﬁggnay?ﬁe%ﬁgpﬁgw i“berd

menby aps-eLlement .27 ar 07, .21 constituting.the
cartridge type n%du?ggﬁggrﬁé g%h%?%c?@?ﬁgfﬁcsnven 1on car
acces dingi 19 HhgupLesent i pyepntiox v easj |
nanufactureg by %revious?y yn?roﬁ%%?%SYaggéfﬁﬁﬁﬁﬁﬁﬁ(ﬁ

colgmmad 1 DBy s+ ak-s14Mk Or AR 0d; 9f sa; polLl qw a fiher . .,
menbr ane bundl e, accommobdating themin a vessel for

§ ormimg- anemdhess iehyd fé xed-pattoqandnforplpgsthe .cqor
adhesi vel y-fi xed part by injecting the adhesive bon

and ccurfingning dheadiodsimary netesd aba PEEdSnE0rPaNend the
length 10 of 0.3 tinmes or nore but 0.9 tinmes or |ess

wi taeihersgifverlgnciel teol tdvert Hbckinesscofn@nthe adhesive bond
adhesi vel y-fixed part, and particularly preferably
0. 31 MY 1619 ridre but less than 0.8 tines, in the
adhesi vel y-fi xed part of neighboring region (A). In
addi tion, thdNergtihinnmn e 18 isdhesiadt ye4 i x@de partength
lOof no -get hbori ng region (%Légs. preferably 0.3 tines

or “fore “butMEEs £ Hat =1 20 % i LiTies rodull &S svhi Ehh uses

th ove col umar terials
%e%%rence tS The %%lckness of an adhesively-fixed part,

and particularly preferably 0.5 times or more but less
than 0.8 times, in the adhesively-fixed part of
neighboring region (A). In addition, the length in the
15 adhesively-fixed part of non-neighboring region (B) is
preferably 0.3 times or more but less than 1.0 time.
The module which uses the above columnar materials
having such length improves dischargeability for
suspensoid and shows the effect of reliably preventing
20 the membrane from being damaged and ruptured.
[0020]

The columnar material can increase a bulk of
the hollow fiber membrane bundle by being inserted into

an end of the hollow fiber membrane bundle, and can

25 control the distributed state of the hollow fiber

membrane, in other words, the dispersion of a membrane-
occupying rate, by being placed in an adequate

insertion point. A ratio PB/PA of membrane-occupying



havi ng such |l ength inproves dischargeability for
suspensoi d and shows the effect of reliably preventing

20 the nenbrane from bei ng danaged and ruptured.

[0020] The columar material can increase a bul k of

the hol |l ow fiber nmenmbrane bundl e by bei ng i nsed?eepruary 2007
into an end of the hollow fidder menbrane bundl e, and

can 25 control the distributed state of the holl ow

fi bt == Tenth aie, CPACBPherdwbP dSPPERE1dRSpérsPof Sof far
menbr ane- occupy rate, by being placed in an

e UaE =T madr | |00 pot Y. AP FAEP oL PB) PA GfE c0lumnar

nb 7 Feb 2007 . 22 t b
ContT oT-E01 0 bt ot it e{l%f‘é?%rs?yf@fstrié‘vgéeé‘i‘r”wecross
I It t |
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I di h
5’&8%@%%@'@2@’{ Ty e bundr €2 T 1R8 L %&P% * b ank®

chargaabl.e (a0 Q0. cf%@%f@@e%{%‘? Con{ AS“?gf

t he menbrane-occupying rates ca

applaexioatsips G50 thy danging, the, ﬁL%g%%s can b
materials so that the conparative l'arge” 10 anounts of

t hemnare 1diest ridutgdd nimonsnei ghhpni N r F Pr‘f%(@)leOf
the nozzle. In addition, the distribution the
nermbﬂaxmamcmmemgalrsatsea G:aratbe;hespﬁﬁmﬁa&a&i\ye large
controlled by (1) a nethod of changing the density of

10t hemonsdrt ed poiomt sirwhidies tusitng dchel realanmesidiforing
materials with the sanme thickness and (2) a nethod of
keéBPAGNt HE) dersitihg @foazie -i nder tidh fgaimt Tonst ant

glstribution of the membrane-occupying rate can be
specifically controlled by (1) a method of changing the
density of the inserted points while using the columnar
15 materials with the same thickness and (2) a method of
keeping the density of the insertion point constant and
changing the thickness of the columnar material.
[0021]
A cross-sectional shape of the columnar
20 material is not limited in particular, and includes,
fer instance, a circle, an elliptic shape, a polygon
such as a sguare, a hexagon and a star, and a tabular
shape. A preferred cross-sectional shape of the
columnar material is the circle or the elliptic shape
25 which is not likely to damage a hollow fiber membrane
when the columnar material contacts with & fiber
membrane. In addition, when the shape of the columnar

material is a circle, an elliptic shape, a polygon such



15

changi ng the thickness of the columar material.

[ 0021] A cross-sectional shape of the columar 20
material is not limted in particular, and incl udes
for instance, a circle, an elliptic shape a poI
such as a square, a hexagon and a star, and a 27 r%ryzoo'/
shape. A preferred cross-secti‘onal shape of the
columar_materi al |s the circle or the eII|pt|c shape

25 Whi tH’ %alhm 1 iker39e danagd a4 hof Now Fﬂﬁef‘ess 1s
h. | t act th a
St e tﬁlﬁﬂ%%qé‘ﬂ%rr%gﬁ PhefeRagec Ipha wien
| urmar t.e S I tic_sha
ggl ygon suc t257 5Ia'—ﬁebrﬁ%lsfly m%€n5§ }z:a g Uajf*glf g tloer
NEXAGON Ofe & Rl d NE 4D 555%[5 Soks., ]{ﬁégfap
or

tinmes or nore but tinme ess W reference to

Aan cwtsgodqldagarm»reerdlo;tgma% oyy- fi jber HEPEJ&%‘”G from

the view point of easiness for 5 contro

di staHikbutien "ofadhe. smrnbrane. ﬂgghsuﬁﬁquf§§§ter of an
descri bed here means the dianeter of an esti mat eel

Ci FGite nfa@reca JTBXI IRUMAGT QS SSeGHUo N gk & sdonghi udi nal
direction of the columar material. The outside

di dmeteruolfi nzie dialdcaw dni ber vrenbranewisr Ik geres al | YThe
0.6 to 2.5 mm so that the thickness of the columar
materisakiel sligpeciefi cdl Ihheséloddtced hiyodhengrangene afs 3

to 50 nm_ preferably by the range of 3 to 30 mm and
10papenearatly Opfeter ablby My tste thargetof Bhiaok@ossmE the
When .t he columar material has a tabul ar shape, the 15

avEPAGBPERI BRAESS Ails Lpr 6PECaABINEa3 1t sl soit afbray bilte 15inge

of 3 to 50 mm, preferably by the range of 3 to 30 mm,

and particularly preferably by the range of 5 to 20 mm.

When the columnar material has a tabular shape, the

average thickness is preferably 3 times or more but 15

times or less with reference to the outside diameter of

the hollow fiber membrane for the same reason as

described above. In addition, preferably, the shape of

the top of the columnar material is previously formed
20 into such a shape as the columnar material can be

easily inserted into a hollow fiber membrane bundle,

specifically as a cone shape. The columnar material is

not particularly limited to a high polymer material,
inorganic material and a metallic substance, but a
25 preferred material is a substance having adhesive
strength with the adhesive bond which constitutes an

adhesively-fixed layer as well as having tensile

elasticity equal to or higher than that of the adhesive




times or less with reference to the outside dianeter

of the hollow fiber nenbrane for the sane reason as
descri bed above. In addition, preferably, the shape of
the top of the columar material is previously forned
20 into such a shape as the col ummar materi al 2¢&gbpery 2007
easily inserted into a holl ow!fi ber menbrane bundl e,
spgﬁjfically as a cone shape. The columar material is
no ﬁg?Ticularly limted to a high polynmer material,
an[chﬂﬁfganic material and a nmetallic substance, but a
25 pre érred material is a substance havi ng adhesive
strength mﬁtqjthe ad_ﬁﬁgv bond ich constitutes a

2 oy n .
adhesi vel y-fixed I"ayer”‘as Wel't*'ds Having'i etisi ettt
ol ARl by aqual L0 o, Wgher Ahan JhALOL 10 coraiag to

esi ve br uary n

snethed fors prnuf.act yring an extern gr%oncgf Jteeg Si'“% ea% ril Be/ﬂlet egral

hol | ow fi ber nmenbrane nodul e accor

present bnw%%%@qnfowh%@ﬂﬂy%gﬂ§ﬁﬂéadé%fﬂéﬂgﬂf¥ﬂéﬁ art can
type, a vessel for form ng an adhesivel y-fixed part

cabe berperpesed af hauRaus) RG scase ddiseldand, ahentkssel
vessel which is fluid-tightly fixed to the end of the
housiing ieaseuiAntadhesiveikend cray ke dmj et edd nOMsing
an 10 adhesive-injecting port provided beforehand in

t heaend ¥essdhgsarvecannbendiyr et liy jienjtect ed oo am a
nozzl e provided in the housing case. On the other

10hapdhedhen—1ohechdodl eoirs arear teiddye foypddnayiing thie end

15

20

25

hol | ow fi ber nenbrane el ement, the vessel for formng
thgessel, or can be directly injected from a nozzle

provided in the housing case. On the other hand, when
the module is a cartridge type having a hollow fiber
membrane element, the vessel for forming the
adhesively-fixed part is composed of a head member
constituting the element and an end vessel which is
fluid-tightly fixed to the head member. Alternatively,
the vessel for forming the adhesively-fixed part may be
made by integrating the head member with an end vessel
part so as to form a vessel shape. The adhesive bond
may be injected from the adhesive-injecting port
provided in the end vessel part, or can be directly
injected from an opening end of the head member (a part
into which the hollow fiber membrane bundle is
inserted). Furthermore, in the hollow fiber membrane
element, the adhesively-fixed part can be composed of
only the adhesive bond and the hollow fiber membrane by

preparing the vessel for forming the adhesively-fixed



15 adhesivel y-fixed part is conposed of a head menber
constituting the el ement and an end vessel which is
fluid-tightly fixed to the head nenber. Algernatlvely,

the vessel for form ng the adhesively-fixed part ma

be nmade by integrating the head nember with éﬁ'@ﬂﬁuwy2007
vessel 20 part so as to formZ vessel shape. The

dh b d cted fromthe
Zdhpiil XZ i gre%t%*\é%b?# nﬁ%}fbw d@dQPH fREcERYCvEEEENILD

pa%h 2 ad Honer T B TR A GoWh BN T heThBl PoREe 201e

e head menbeér

2 |nsert Fur t. her nor e,
e L ;iom1 beryﬂ%hbr%%e gh enment Ehe 8hd 'EheR’ Beelling
ad@%%\%ﬂﬂbJ'%fdtméf$eﬂg$+be cpnposed of only the
0

adhesi ve bond and the ow fi ber menbr ane by
Pprepadng the vessel for formng the adhesively-fixed
27 February 2007 25 part froma material having a | ow

adhesi ve strengtihe whdAn @ cured,qdhesive Qo&%dﬂﬁg'n& the
it into a peel-able structure; curing the adhe

bomd;e samd: tien:rpeeld Ng hanich TV MOt Fenye55ethe Sadhesive

[0023] In the manufacturing nethod according to the

pr ésent miany ént icomditched njyectticond curd Npedfcdheri fugal

adhesi ve bond may be conducted by the so-called

centihickdgal meddivesiver metthied assing fuee ceftrdd ugal can be

force, or can be 10 injected with the so-called
1Osetlflﬂﬁﬁ@eéidWéé:.hoM@etstwadflecf srcefliny ddijectamgndtieod of

eS|nggond in a state of |eaving an

ad 88-vely i x8d eparit datt Neesiihefd YU hiang! iin @ Fi@te of

ion thad i s preferabl e because
CGTEE%E%%aEna% %%sgveq%'ggxed ﬁ%rt at rest and curing it.

The centrifugal adhesion method is preferable because
the method uniformly forms a ccating layer on the outer

15 surface of a hollow fiber membrane at the inner surface
of the adhesively-fixed part, and thus hardly causes
the rupture of the membrane. When the centrifugal
adhesion method is employed, as a general rule, the
injection/curing of the adhesive bond is applied by

20 horizontally setting the mocdule in the state of
directing a nozzle upward and rotating it (for
instance, see Patent Document 1), but when the mcodule
according to the present invention is manufactured with
the use of the centrifugal adhesion method, it is

25 preferable to horizontally set the module in the state
of directing the nozzlie more downward than the
horizental position and rotate it. This is because

when the module is set in the state of directing the



the method uniformy forns a coating |ayer on the

outer 15 surface of a hollow fiber nenbrane at the

i nner surface of the adhesively-fixed part, and thus
hardly causes the rupture of the nenbrane. VMené%he
centrifugal adhesion nethod is enployed, as &7 §&haany 2007
rule, the injection/curing of the adhesive bond is

| by.20 hori tall ettt h dule in th
o e ity M o T G Ao POF at [ RgPRES
far__inst Pat ent Do t 1), but whep th
roai e e ol A T R OO AR o eISRebPEng
. i t t entrifugal jhesi
retnon O e R e e v G oot Al T0CBel Ehe
modyl-& 4 Lhe stafe . of di ragfr&ésrhgvé he,n9zzl ea}?g%gerljtwith

downward than the ~ hori zont position and ro

sThicg d s hegause,, whenhdhe mdulie. i s set;d ;@&@&?&@1@ e

1

O

of directing the 27 February 2007 ° 26 nozzl e downward,

t he rrpdulre: hardlv £ordvs 4 he Rar tynBVINY &t OV reaction
nmenbr ane- occupying rate in neighboring region (A of

a mezzlecdardaddittd ame Wherithe hdhjecd i A SO g&id is
t he adhesive bond is applied with 5 the centrifuga
adhesi gl unethred, arty s rpr,eferdabiwd daquaitap, the heat the
rotation at a stage when the curing reaction has

pr 6cldeded <t b orkie iextaento viehatt o liemgdiegsd vidhshonek dsiomoto
fluidized any nore, and subsequently to heat the
adhésitvéordhies 1ar Sranl toncampicét & ke reactionl spired
10 that the adhesive bond can reach to a practica
cufF88S1ESRdi-ti on. [0024]

[0024]
The hollow fiber membrane used in the present

invention includes a reverse osmotic membrane, a nano

15 filtration membrane, an ultrafilter membrane and a

20

25

precise filtration membrane.

The material for the hollow fiber membrane is
not particularly limited, and includes polysulfone,
polyetnersulfone, polyacrylonitrile, polyimide,
polyetherimide, peolyamide, pocly etherketone,
polyetheretherketone, polyethylen, polypropylene,
poly (4-methyl pentene), ethylene-vinylalcohol
copolymer, cellulose, cellulcse acetate, polyvinylidene
fluoride, ethylene-tetrafluoroethylene copolymer,
polytetrafluoroethylene, and the composite materials
therecof.

[0025]

In addition, as for a preferable shape of a



The hol |l ow fi ber nenbrane used in the present

i nvention includes a reverse osnotic nenbrane, a nano

15 filtration nenbrane, an ultrafilter menbrane and a
precise filtration nmenbrane. The material for th

hol I ow fiber menbrane is not_particularly Ilrﬁﬂ%ﬁP“E“Y2007
and i ncl udes polysulfone po1yethersu|fone

th
L L
pol yethyl eng, }fu}{pfgﬁéi' %‘G?the?o ¥&%e 38%”(%;%{‘2 099 um,

et hyl ene-vi ny coho copolyne

acetaf ethepofé(ﬁ/igyéjfd?ﬁ]ﬁe f/!)HQEdeSfLanﬁeter és preferably 0.3
et hyl ene- tetrafluoroethyfene copol ynmer

polwi ef raf | uoseetbyhene, and EB%&QW}?OB&E%%E?%%‘ S

thereof. [0025] In addition, as for a preferable shape

of o e FebrWan ys 2007av27 h@*é@“ﬁﬁhbﬁﬁlﬂgﬂbf§ﬂgr Lhesrane
i nner dianeter is preferably 50 to 3,000 m and

f urtarer: pr eferapl y: 500, t Q- 2x H00- Bt m n@xﬁget: herrabiQmQtr

i nner/outer dianeter is preferably 0.3 to O B.
FumteHermiories tshed hodt overf i bel 1 neqrbriawed bs pr eber abhyof the
has a wave. When the hollow fiber nmenbrane has the

wa ek na neare dearease tdies nunber of col umar

materi als used for controlling the distribution of the
nmemy’&fe- occupyi ng rate. [0026] 10 The form of the

nanely, the degree of the wave is expressed by
]iyﬁgecrlnplnéfggbiggmgﬁﬁ%ﬁgﬁzwave, namely, é%e degreé of

the wave 1s expressed by the crimping degree of the
hellow fiber bundle. The crimping degree is preferably
1.45 or more but less than 2.5, and particularly

preferably is 1.50 or more but 2.0 or less. When the

15 module is made of the hollow fiber membrane bundle

having the crimping degree of the above range, the
module can control the distribution of membranes into a
predetermined membrane distributicn by using a smaller
quantity of them, can prevent the membrane from being
20 damaged and ruptured, and further can exert physical
cleaning effects without obstructing the oscillation of
the membrane in the housing. The crimping degree
described here is a value determined by bundling 1,000
hollow fiber membranes and putting it in order, winding
25 a PET film with a thickness of 200 pm and a width of 40
mm having a spring balance attached at an end around
the hollow fiber membrane bundle, pulling the spring

balance so as to apply the load of 1 kg onto the



hol | ow fi ber bundle. The crinping degree is preferably
1.45 or nore but less than 2.5, and particularly
preferably is 1.50 or nore but 2.0 or |ess. Wen the

15 nodul e is nmade of the hollow fiber nenbrane_bundl e
havi ng the crinping degree of the above rangeZ27thgpruary 2007
nmodul e can control the distr¥Bution of menbranes into

S o s T 4 s i vt e nehi e
f bei 0d d,and. t d, d furth
N e R e T e AR

th scjll ation of .. th ra in the housing. The
crﬁﬁ%iﬁ&l&gbﬁﬁgoiﬁiy E%é§¥gkné5?ip%ﬁ@%l%@pﬂﬁ?%?%? ed
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attached at an end aroun t i ber nmenbr ane

bundke nupkleld RE e 1SR MG e PANGL, 80 8S to apply the
| oad of 1 kg onto the 27 February 2007 28 bundl e,

nmeaspeirng a peripheral |ength of the hollow fiber
menbrane bundle in the condition, and calculating the
val ue accor didhgnt @matrhe sfcaldOwWin G HexX prEsIsi o Nt 1 K& 4 Mpigrane
degree = (peripheral length [m / M2 5/ ((outside

di apstier ot hokl owrbirber: remrbrane dJonj9)t2inat trhe trberdule
of hollow fiber menbranes). [0027] Wen nmanufacturing

t heYhBFLb@ fi Berbmemisr dnae 1 ngo diiee adrovteh e arerireate wave,

el ement constituting the nodule 10 by using a

nehBFaRBTR&Vi Rg the above descrilbed wajernar materials

can be reduced to 5 to 0 by controlling a ratic 32/51
of the area 52 of a membrane chargeable region in the
end face of an adhesively-fixed part with reference to
the area S1 of the membrane chargeable region in the
inner side of the adhesively-fixed part to be 0.7 or
more put 0.9 or less. The ratio S2/S1 is particularly
preferable in a range of 0.80 or more but 0.%0 or less.
[0028]

The adhesive bond used in the present
invention preferably includes a high polymer material
of an epoxy resin, a urethane resin, an epoxy acrylate
resin, a silicon resin or the like. Amcng them, the
urethane resin is particularly preferable because of
completing the reaction in a relatively short time. 1In
addition, the adhesively-fixed layer composed of the
adhesive bond needs to have such pressure resistance as

to endure a differential pressure generated during use,




10 obedpyaen 1

t he nunber of the above described columar materials
can be reduced to 5 to O by controlling a ratio S2/ Sl
of the area S2 of a nenbrane chargeable region in the
end face of an adhesively-fixed part with reference to

15 the area Si of the menbrane chargeabl e regi&rFgbiuary 2007
the 1inner side of the adheskﬁ%ly-fixed part to be 0.7

or re but, 0.9 or _less, The ratio 52/ 8l is
par?ﬁguf%%Tyha%r%F%FEB?Qanageﬂgﬁge gﬁr§3§§sor for &he

but .0 es 8] .20 The, adhesive bond used . in
the0€$§ge£%n&inggn?%%%gp%%fé?gﬁﬁyﬁyn8F§d§§Qatﬁ@gﬁoqlow

pol yrer. mat.eri al f.Aan y | a_urethane resin,

an epoxy acryT%%% Pr%@i%$9§§sfﬁﬁgggé9egfﬁ %P Fﬁg Eﬁwéq
Amongs:4 hem e -1 et hane: feskn.. | rLiheubarly oo
preferableigééaﬂ%e of 25 %oﬁngti%gE?ﬁ ”%eggfﬁ§% inoa

7 elatd velyb shord tddresnd nagiaddi $40Pen e, ; d
adhesi vel y-fi xed | ayer cd%posed of ?%e %&ﬁ%giéee%Bﬁée

needst dra=have rsueh Pressyf eid est St ANES aspalP eNdULe8syre

iy

differential pressure generated during use, 27

Febreurairst 2007 n<29: sand- hirsd hast pref efabfyr adeguate

hardness. On the other hand, in order to reliably

pr exednitaitlhe rholdaow  tfticherumenbr ane fomdbebngn e upt ur ed

due to the fluid flow in physical cleaning for a

| ofrgért epeiled Ut Uss Bhpy efddrebl e tousehdhenadhesivess

bond havin% adequat e softness. Accordingly, in order
K& priessite 1y esimtraf © hevessar inand

sufficient for use and reliabg%qpreyent the rupture

of "CRESHEMFaRe, IS S eErer A€ TR e TrMes| Ve

bo@QlB V%ﬂ%w%a%%ngs%hore hardness gauge in 10 seconds

S

after pushing it onto the surface of a sample

substantially having a smooth surface. When the above

15 wvalue exceeds 70D, the adhesively fixed layer may cause

20

25

the above described rupture of the membrane, and when
the value is lower than 50A, the pressure resistance of
the adhesively fixed layer may be insufficient.

In the next place, the present invention will
be described with reference to examples and reference
examples.

Example
[0029]
Example 1

6,600 hollow fiber membranes made from PVDF
(which is manufactured by Asahi Chemical Industry) in
which one end of a hollow part was plugged were made

into one bundle, and further were inserted in a housing



10 between 70D and 50A in a range of operating

tenperatures. The hardness described here neans the

val ue shown by a Shore hardness gauge in 10|seconds

after pushing it onto the surface of a sanple

substantially having a snooth surface. \Wen t & kaisyary 2007

15 val ue exceeds 70D, the adh®sively fixed |ayer may

cause _the above described rupture of the menbrane,

and When” PHE'VAI te"FeYI Bkl tRak"50R, 2t Rerprassarainder 5

resi st.ance of the adhesjvely fixed |layer may be

i nsu #?b?%%t%n?hd?h L ABK eﬁlége?“?h@mp¥§sﬁﬁﬁcﬁﬁvéﬁﬁﬂéﬁr as

Wil .be . described,with reference to_exanples and .
deslobe 008 15 JEXan@P% h‘f%@z@y‘“&%ﬁpﬁeﬂ?ﬁéége 3 with

reference ~exanple

6, 4 ' apes._. dgnfr n%PVDF LCQ S
na%%?agﬁﬁégr%%Qﬁgg%?qgieﬁgég "I ids ry)c?%tréﬁTEﬁ ong’

end.1of a,hold ow pard was, bl ugged @@r@hgnﬁgad!ntgggngurrent

bundl e, and further were inserted |g%3]hou5|ng on
Felrwuar Gias 30 Cpsen2--havi to -
curfenfxiifiné%r 5 with the F%gﬁﬁg Qiaﬁﬁﬁera@qugﬁuﬁﬁ1

I s pllacedid nsitde,cras didescrd bedr in drig.il.o Theyheadycopt 2
part has a nozzle 3 with an inside dianeter of 40 nmm
angatriie coferstymale taxdi s 1ofy S dhel mpzazl eldgrddhe normedal with
line of the head. The current cylinder has a .
cylriemdheicdalt os idpe rvear Ing <240 thir gughes. hattes e MR 1 ow

the dianmeter of 5 M~ in a region except a part of

L0sy e egmoy aner i g DO Mdegrases dies atfal0 v thm, the

inside diameter of 0.65 mm and the outside diameter of
1.22 mm, and had a wave with the crimping degree of
1.65. Subsequently, 28 columnar bars {which were

previously formed by charging and spreading such an

15 adhesive bond as described belew into a mold and then

20
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curing it) having the outside diameter of 11 mm were
inserted/placed into the end part of a membrane bundle
of a plugged hollow part side so as to be uniformly
distributed. In addition, 24 columnar bars with the
outside diameter of 11 mm, which are made from
polyethylene, were inserted/placed into the end part of
a membrane bundle of an opened hollow part side so as
to be uniformly distributed. Subsequently, the
adhesive bond was injected into the head of the housing
case by fixing an adhesion cup having a tube for
introducing the adhesive bond attached therecn at both
ends of the housing case, horizontally fixing the

housing case on a frame for centrifugation in a state
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respect to the nozzle central axis. The used holl ow 10

fi ber nmenbrane 1 had the pore size of 0.1 m the

i nside diameter of 0.65 mm and the outside dianeter of
1.22 mm and had a wave with the crinping degree of

1. 65. Subsequently, 28 columnar bars (whi ch we&fdebruary 2007
previously formed by charglnéland spreadi ng such an 15

dhe bond_ as, d b t Id and th
iurfibvfﬁ&ﬂaﬁﬁ ENe bELSi GO At GF & 347 AAFser 8

n C 0 t end t of rane bundl e
gfﬁgﬁi ugge 'ﬁgl%%g?%arf side s %S?§ gggbﬁ?Y%rH?V was a
di stributed,, ., womar bars with the 2
outgf%e dlané%g}aggh%%%gté%éﬁ %y re e % Frohysin (#ich

pol ety gne,r were H.pserted/pl aced | %?ot hesﬁn%?@‘ Eé%p_

of a nmenbrane bundl'e of "an opened h W part e

6dwee WHIRIdH Y distri bufied, Subsegy @%%%ﬁhle&beor the

adheS|ve bond was |nJected into the hea

housirrg 2% case: by Jdpddgnan @dhasi on-cup-havi Ngr ach -
tube for introducing the adhesive bond attached

t henedmgatr elbatti orgnds: cofr dthe: housd NG CASBrifugal machine
hori zontally fixing the housing case on a frane for
cemisi tlgatieon iamda téteat e 27 Heelwiuay Y200 %a 8k Ofen out
directing the nozzl e downward at 45 degrees, and
hoﬁpﬁoﬁﬁaﬁﬁﬁ Bot aliagint anTheensed adhesiced.bofdewas tae
owo- conponent thernosetting type urethane resin (which
0; seﬁéneffaébﬁr BQUWHSaﬁWeR@@SC@ut Ltted . CPeBA-36 3BOA SR B ¢
63308 uct nane Wien the fluidization of the
adﬁ85| 56 i} %Foﬁﬁé& dlieet §ohe procéediarg orddel in =

cuciig.rgaction, thg £atation,of a centrifugal, machine
columnar bars which are made from polyethylen in an
opposite end were removed to form through holes. The
present membrane of the module had an active length of
2 m.

Subsequently, the housing case was joined
with caps €a and 6b through O-rings 7a and 7b by using
housing nuts 8a and 8b, and then the module was
attached to a filtering device in the state of
directing an opened hollow part side upward, and was
subjected to physical cleaning durability tests as
described below.

Clean water was supplied into the module from
a slde of an upper adhesively-fixed part 4a at the flow
rate of 8 m’/hr, and simultanecusly air was supplied
therein from a side of a lower adhesively-fixed part 4b

at the flow rate of 7 m’/hr. Both of supplied fluids



was stopped, and then the housing case was taken out

and heated at 50C in an oven to be cured. Then, the 10

end of the housing case was cut to open a holl ow part

in the side in which the hollow part was plug%ted in a

stage before being adhesively bonded, and al | 47rfebruary 2007

col umar bars which are made-¥rom pol yet hyl en in an

opposite jenT(i%were removed to formthrough holes. The

15 'brigsent S mnbi ahe - of O tHe nodute’ had ah aBEi VBPEENGERD-

of .2 m.  Subsequent| t he housi ng case was | Qi ned N

wi thcaps Ba Cz% %bo%/%r%%?g%a@?r?n S 72CRha" 7B b§*t8Fhg - DE

housi ts 8a and 8b, .and then the nodul e was 20

at tuLalC “edd%Joa a“?aﬁtnteersi’tng“}ale & ihel St atBtof very one

di rect.d,ng qﬁgp . hol | ow p si de upward, and o
nfeid %ﬂlp ySQ%,i a‘Mé%gg el e¥$%%r?e¥?% %%?ﬁ at 5°C

subjected to i cal ‘cl'eani ng dur abi

flesgrihed hel %egﬁgﬂl wat er was supplied into the
f si de

nodul e from 25 a ‘of an upper adhesivel y-fi xed

part 4a at the,d %terratt%é)fcq&ﬂgyir}fn g iy months, a
simul taneously air was supplied therein froma side

of ladowefe adhesivelyrthired par tredly r Ble thes fhow sater .
of 7 nB/hr. Both of supplied fluids 27 February 2007
35 Therse cficschargedertirough the inezde: afo the: uppeFation
head. The above descri bed operation was conti nued
excepticthet theme yofara lceakctresti rmhicotmanast cargited: othl
every one nonth. In addition, a water tenperature was

10hefd latrascons cggmiantg he operation. Even after the

15

20

25

operation for six nonths, a .
After the test was finished, the inner part

of the upper adhesively-fixed part of the module was
cut, the membrane was picked off, and an adhesively
bonded surface was observed in detail. When having
taken a photograph of the inner surface of the
adhesively-fixed part, enlarged the photograph to an A3
size, and measured a distributed state of a hollow
fiber membrane, PA, PBl and PB2 was 0.44, 0.43 and 0.34
respectively, the ratio PB/PA of membrane-occupying
rates was 0.89, and the membrane-occupying rate PC in
every unit region (C) was 0.8 to 1.2 times with
reference to the membrane-occupying rate PA in
neighboring region (A). However, there was only one
unit region (C) having the membrane-occupying rate of
less than 0.5 times with reference to the membrane-
occupying rate PB in the contour part of a bundle in
the second non-neighboring region (B2).

Subsequently, an adhesively-fixed part was



| eak due to the rupture of a nenbrane did not occur.

This operation period is equivalent to the operation

period of ten years or nore in ternms of a practica

10 filtration operation. After the test was finished,

the inner part of the upper adhesively-fixed 3fdrabrégry 2007

the nmodul e was cut, the nmenbrane was pi cked of f, and

an agdhegivel nded surface was observed in detail

Wien havi ng %%S?gRgﬁ g”pﬁo?%g?éﬁ%agg ?ﬁ@miﬁh'rlgﬁﬁFace

of thersadhgsivelLyflLxed L;.enlar t he phot ogr aph
he;adhest vel yobRxed mact . onl arged. he photogiagh.

to an A3 size, and asured a distri

hol &+ £ i bersgenbrane,, , PA,4PBl_a - 0,44, .0.43.
and 0. 34 res%ectivel yI,[l t he raglieoﬂgéﬁgg“g?gf chd Hnddive

Menbiedes SECUPY i NPe 20 F atesruas 0489304 -Lhe g
menbr ane- occupying rate PCin every unit region (é)
wasrds 8Lt 0 dhdrdinesanksh wiefesense t@ they was a0p ar
menbr ane- occupying rate PA in neighboring region (A).
HoweV€r., there was only one unit region (C) having the
menbr ane- occupying rate of 25 less than 0.5 tines

wi t h ref erence: talddhel orenbs ahengioccupying ¢at emPBripar
the contour part of a bundle in the second

noréi gisord tng- reegi Bre { B2) 1 v Subsequent t ywzan50 mm, while
adhesi vel y-fixed part was 27 February 2007 33 cut at

a posi tiesw ot & diisi Wt FHom el ¥ niveted surflaces of 65

t he upper, adhesi vel y-fixed part to forma snooth
1Ocr81§ns sect itg}?, %H@%e@r'dﬁess of the adhesive- bond

par[ibo%fo the cur surface was neasured. As a 5 result,
Shore halrdness was 65D at 5C and was 40D at

Example 2

A hollow fiber membrane element as shown in
Fig. 5 which includes a cartridge head 9 having a flat
15 flange; a lower ring 11 having 24 through holes with
the diameter of 11 mm¢ and having a pretrusion part with
a length of 40 mm; and two pipe-shaped struts (10)
which are made from SUS with an outside diameter of 10
mm and a wall thickness of 1 mm was prepared by using
20 6,600 hollow fiber membranes as in the case of Example
1. The strut was arranged in the outermost
circumference of a hollow fiber membrane bundle, and
was adhesively fixed with the use of the heollow fiber

memprane and a two-component thermosetting type

25 urethane resin (which is manufactured by Sanyu Rec Co.,

Ltd.: SA-63302A2/SA-6330 B4 (preduct name)). The
cartridge head was integrally formed with an end vessel

part, and has a port for introducing adhesive bond in



40C. In addition, a length of the columar bar _
inserted at the adhesively-fixed part was 50 mm while
the Il ength of the upper adhesively-fixed parlt vvgs 65

10 mm and the ratio was 0.77. [0030] Exanple 2 A

hol | ow fi ber menbrane el ement, as shown in Fi ¢/ Fepbruary 2007
whi ch includes a cartridge hegad 9 having a flat 15

flaﬂg§;e@dl@@§§efiﬁgrgi h@H%ngogfo%h%QBgQ gghg%awgtgundle
the dianeter of 11 mm- and having a protrusion part

Wt s aadiengt fe of 40003 and, t Q. PLRe: shaped, stuts . .
% er

(10) which are made from SUS with an outsrde di ane

of hverma and @ Wk 1 '%@@sesn@fpérmwmrﬁgm’g?gngy

using 20 6,600 hollow Tiber nenbranes as in the case

of tExalip) erhiloh Thes strddeas: arfangedak n,t be. oyt ernpst,
circunference of a hollow fiber nenbrane bundl e, and

wapaadhesivel uddaed mi tde the: userof i dhe hokhow fiber
menbrane and a two-conponent thernosetting type 25
ur @tivanea esin Haiichilisse narud actiur echdyb Sanys, Reg:ting
Co., Ltd.: SA-6330A2/ SA-6330 B4 (product nane)). The
carty dge' tread wels tihet egmaldand onmetlen th @ne entbe where
vessel part, and has a port for introducing adhesive
bord<i k34 027 PRetr warsy 200 thes lsivd avessetr party, Thed
hol how f.i ber menbrane bundle was adheh5| vely bonded.
wi A Che "CEFtTdge Head aitd IHemZgndre 19 E@aqﬁy e i ng
the end, part of th rane _bundl e whi ch was present
10 nBpRaC R a inere HnBrIORS (ol Wes' pligyed A devough
thﬁoﬁégtﬁhdgﬁehﬁg%e%ﬁ&E%%E horizontally fixing them on a
holder for adhesion, and adhesively bonding them with a
centrifugal method in the fixed state. The adhesive
bond was settled at room temperature and cured by
15 heating as in the case of Example 1, the end vessel
part of the cartridge head was cut to copen the hollow
part in the end of the hollow fiber membrane, and the
columnar bars which are made from polyethylen were
pulled out from the lower ring tc form the through
20 holes. The present hollow fiber membrane element had
an active length of 2 m.
The inside diameters of the cartridge head
and the lower ring were respectively 155 mm and 144 mm,
and the thicknesses of adhesive layers in the cartridge
25 head and the lower ring were respectively 65 mm and 30
mm. In addition, the inside diameter of an end vessel

part in a cut end was 140 mm, and S2/S1 was 0.82. Tn

an adhesively-fixed part in the cartridge head side, it



placing any particular insert in the bundle, setting

the end part of the nenbrane bundle in the side where

the holl ow part was opened inside a |ower ring, and

then inserting/fixing 24 columar bars nmade from 10 2007
pol yethylen in the hol | ow fiber nmenbrane bundl2d February
through holes in the | ower P?ng, hori zontal ly fixing

h hol f d ion, and adhesively bondi ng
them e AR Tl e a TP%éﬂ?rﬂ%ﬂnéf atese
Th [ ) ettled at, rgomt erature an
cu?gﬁggié%éghéggggéwgi-ﬁﬁataggbé%Ji: W%%iﬁg?%nlgi?ﬂ%d 1n

en@h\ée%‘g{ﬁr Rard. .Qrfhetrhech tvo%rdetg ﬁaecnﬁeod' }gé\?vﬂf ickgctmctifgd 0»916{1}1 a

the holl part in the end er

mepbrane r2nd thenLol umar bars which are made from
pol yethylen were pulled out fromthe lower ring to

sform the throeughr2Q 00l es,qulhe Jor esent hﬁ! lEOivgr.f iﬂ?:f’where

menbrane el ement had an active length of 2 m

i nsizdehdivameiens rafqt e car idxidge d w=ang the: loner,

ring were respectively 155 mmand 144 mm and the

t heokhesses af cadkesisvehoayers imqt.he  cantirdidge 25 milar

head and the [ ower ring were respectively 65 mm and 30

mm-c| ixadgilei dngxtheti nsiade tticanetker hefd an end Messeld

part in a cut end was 140 nm and S2/S1 was 0.82. In

anchbkestvelyinpgedipart lenetrheicer tricdge avead rsivde ng,

it 27 February 2007 35 was observed that the holl ow
101 pRf nerBraRdEtwBPethRoABENSePYSEIrtEadonotAewpdriber

whi had been placed in the upper side when they
mE$%m Hﬁ%@i95??g56na@dtﬁﬁtHOHSlegntrWFG@a?Cﬁ@WW@@étlng

the hollow fiber membrane element, the side in the
comparative nondense state of the hollow fiber membrane
was sel so as to be an opposite side to an exhaust port
15 provided in the housing. The positional relationship
between the side in the comparative nondense state and
the exhaust port set at the time was inscribed on the
cartridge head.
The above described module was attached to a
20 rack device, and was subjected tec a physical cleaning
durability test as in the case of Example 1.
Even after the operation for six months, a
Ieak due to the rupture of a membrane did not occur.
After having finished the test, an
25 adhesively-bonded surface was observed in detail as in
the case of Example 1. As a result, PA, PB1 and PB2
were 0.48, 0.40 and 0.24 respectively, and the ratio

PB/PA of membrane-occupying rates was 0.70, and further




5 A nenbrane nodule as shown in Fia. 3 (where 7c

shows an O-ring for a cartridge) was prepared by

enpl oying a case as shown in Fig. 4, which |s|S|n1Lar

to Exanple 1 except that the case had no nozzle an

current cylinder in a |ower sjde face, as a h@ddiagary 2007
10 and accommodati ng the above descri bed hol | ow fi ber

ne t ] he housing, -Wien accommodati ng.

e ol [ 50 11 Ber FenbraR. of Rekt, the srderrnct FEdion (C
conpas ad | ‘ e's the, holkow fiber . _
nenbraﬁi’ya%gﬂggspéolaéa%gm%é ggggpbgggf%nng °t 5"&n
exhalsd - pOrto A5, pr oyl dedy i npt he, housing,  The :
positid%al f%laﬁ%éns ip %etmeeﬂ tﬁeés?ag ?ﬁ freton (A
Comnﬁﬁﬁk@Wﬁaﬁ@ﬂd?ﬂ@ef§&ﬁt@h@ngirg@eng%hﬁg§éhﬁ8££n§ekegion
at the tinme was inscribed on the <cartridg ead. “The

‘abopel )descried il € wast it t aghedyt opar 29s 86K secong

devi ce, and was subjected to a physical cleaning
dumabi-ridiyyHestirap ddyidre case, ofh&Exampd e lin Bvenun: -
after the operation for six nonths, a |leak due to the
ruptegrieref (@ nmeérbriang tdid motbocctocc ot havi 80 f less
finished the test, an 25 adhesivel y-bonded surface was
obseved -ion tdetesi [PRas in the case of Exanple 1. As a
result, PA, PBl and PB2 were 0.48, 0.40 and 0.24
respecti vel y SU&5¢ A4e tlati an PRIIRS iofely-fixed part was
menbr ane- occupying rates was 0.70, and further 27

LOrebiafy 20875136 & henBFafe-ecUpyi i ridte Padn

15

20

25

LRI (iU {9, O LI L0 s LS WA
nethQOEEn%QEﬁggogmgékh cross section, and the hardness
of the adhesive-bond part of the cut surface was
measured. As a result, Shore hardness was 53D at 5°C
and 37D at 40°C.
[C031]
Example 3
With the use of 6,400 hollow fiber membranes
made from PVDF (which is manufactured by Asahi Chemical
Industry), of which each had a pore size of 0.1 um, an
inside diameter of 0.68 mm, an outside diameter of 1.25
mm and no wave, a module was prepared as in the case of
Example 1 except that 14 columnar bars were inserted
into a half region of a membrane bundle in a nozzle
side and 18 columnar bars into the region in the
opposite side to the nozzle.
The module was subjected to a physical

cleaning durability test as in the case of Example 1,



In the region of fromthe first non-nei ghboring region

5 (Bl) to the bundles in the contour par s of the

second non-nei ghboring region (B2), there were three

unit regions (C) having the nmenbrane-occupying rate

of less than 0.5 tinmes PB. Subsequently, an ngfb““”y2007
adhesi vel y-fi xed part was 16 cut at a position of 5
rnnéggtant fromthe inner _surf

! £ €§e of the, - ,
adhesT vel v2 1588 part§h Al caf t FiagePehéhd o Por i
S cross section, and the hardness. of th L
agﬁgéﬁﬁggbd%dﬁﬁéﬁté%ﬁ %%et%ntr%%{?a%eoaag mﬁ@§§ﬂpgdgla not
Ascﬁx%§§ult, Shore hardness was 53D at 5C 15 and 37D
at 40C. [0031] Exanple 3 Wth the use of 6,400 holl ow

{1 ber menbr anes. made from RYEE (i chels pROULact oo

by Asahi Chemical 20 | ich éach

PO 26 Of Dl My AN dinside di amet gL - of ; 9. 68¢ an
outside dianeter of 1.25 mm and no wave, a nodul e was

pr epafed as J-¥ ey gase ofn Fxanpl e dgexcept, that d4rbrane
columar bars were inserted into a half region of a
mebrsane bunrdlor 1,n avdnazd e sidel b A8 ok wmMake was
bars into the region in the opposite side to the
nozzlse.rvihe inodigte: ias stibjrecdtedid® tealphysi cabotograph of
cleaning durability test as in the case of Exanple 1,
27 tPebriuary 2007 ac®7 cdnd has aallvessiute ]y eieredfpert t he
operation for six nonths, a |leak due to the rupture

100t eglggpcan@sdichoregrarh to an A3 size, and measured a

distributed state of a hollow fiber membrane, PA, PRI
and PB2 was 0.46, 0.44 and 0.30 respectively, the ratio
PB/PA of membrane-occupying rates was 0.83, and the
membrane-occupying rate PC in every unit region (C) was

15 0.7 to 1.4 times with reference to the membrane-
occupying rate PA in a neighbo%ing region (A). In the
region of from the first non-neighboring region (Bl) to
the bundles in the contour part of the second non-
neighboring region (B2), there were two unit regions

20 (C) having the membrane-occupying rate of less than .5
times PB.

In addition, a length of the columnar bar

inserted at the adhesively-fixed part was 45 mm, while
the length of the upper adhesively-fixed part was 65

25 mm, and the ratioc was 0.69.
[0032]
Example 4

The membrane bundle of 6,400 hollow fiker



occur. After the test was finished, the hollow fiber
5 nmenbrane :nodule was cut in the inner side of an
adhesi vel y-fixed part - in a cartridgghhead,lthg ded
menbrane was picked off, and the adhesively-bonde
surface was observed in detaj|l. Wen having t&kiegbraary 2007
phot ograph of the inner surfdce of the . .
ad lvely-fi a 10 _enl arged_t. phot ogr ap 0 _
anhﬁéﬂﬁﬁéréé?gaﬁpgﬁgag%%dm% i B&Egda& af'e - f &355401
hol i bet -1 e ; 1e,@pd PB2 was O.46, 0.
andt%¥%%‘$egpggg?ég?yﬁegﬁ%nfgtF%urpﬁfiﬁsgf nd 2000t
nenbr -0gC ng: I a wa . 83, e. . e
neﬁ%rﬁ?ﬁ-%%cﬂ%%%ﬁglﬁa%gg%c ?%Qe€§r§§gnV%Sré858ﬁtF€) nto
wastHbn 0. 7740 drdsd | JBS: it hy f@lﬁ@@}_‘i‘fﬁﬁﬁgséth 5 mm, and
nmenbrane- occupying rate PA in a neighboring region
{Ahad nsiidte = reghon of dromihe &ééSIoH@QinghgﬂbQ?én%ther
region (Bl) to the bundles in the contour part of the
secaintk ron IeirghborTmg neghahd BAndihefes WeE8=1 W01 into a
unit regions 20 (C) having the membrane-occupying
r atrewsfinessidhan . e r tioescRi1d n adgdid i ohs act epgthein
of the columar bar inserted at the adhesively-fixed
part® vids: 148 hfmLowhi | det hef lténgtdr ofs tihies ppesuld be
adhesi ve|l y-fixed part was 65 25 mm and the ratio was
0. 6939700341 & Bednplie crve vsmdranebundie of 6, 400z Le.
w fiber 27 February 2007 38 nenbranes which were

10235& F@H@ﬁ@éﬁfa§lﬁnCFHémEﬁgéb@ﬁs similar to those in

Example 1 were inserted into each of two fractions of a
side close to the nozzle among the membrane bundles
divided intc four fractions, and eight columnar bars

were inserted into each of two fractions in the side

15 opposite to the nozzle. After that, the module was

prepared as in the case of Example 1.
The module was subjected to a physical
cleaning durability test as in the case of Example 1,

and as a result, after the operaticn for six months,

20 there is only one membrane that caused a leak after the

25

operation period of six months.

After the test was finished, the hollow fiber
membrane module was cut in the inner side of an
adhesively~-fixed part in a cartridge head, and the
leaking part was observed. As a result, one membrane
in the part corresponding to the position of the cross
plate in the second non-neighboring region was ruptured

at the adhesive interface. Further, the hollow fiber



Exanpl e 3 was divided into four parts, and a cross

plate as shown in Figs. 10A to 10C was inserted into

them The cross plate had the thickness o; 5 nH1 anﬂ 5

had such a shape as one side was |onger than the other
side by 20 nm The nenbrane bundl e was insert edl Fefreant 2007
housi ng case simlar to Exanpf® 1, and was set therein

so jhat the | ong side of the cross plate could be
p|a%%%E5?nS B EiPFS%egoﬁﬁﬁeﬁgp%t ﬁp@ﬁﬁﬁ?*%ﬁ%¥?ﬁ?ﬂﬂ%§
10 I IL.Xx_columar bars simlar to those in
Exa%% EgggﬁgégyPﬁ§ggyg§rﬁﬁt CE8¢h of “twé feattlitond e

a slde clo ‘ nozzl e _anon e rane bundl es
i v dea Thr et surPrRas éhsrnsnagg?tghp?‘é%%ﬁﬁﬁ@ bar 47 0
wer g Fnser I nto h t ctions in_the side |
15 %%Ebsf{%ggotﬁﬁelﬁggzFgéeAp?eEB?hgf?sghglﬁgdrW@Smé§rled‘
repaced.asihy thecgase 0f - Exanple k. Ihe; eLvas . of
gub?ecte% té 2 phygicalp clggnggg 8ur5gllﬁﬁg #esy ascs ©
i n tie £@5@5Q%eﬁ%aﬁpkgd1par@pdeﬁ§a§géﬁsgké’8ﬂ£%86rggﬁ to
operation for six nonths, 20 there i's only one
mendr ahe that; causeteaslieak afdes-theuroperabionss
period of six nmonths. After the test was finished, the
holfioW 4+ bierbe membnianenapded 2 Wes gud PR2therénpenz, o.42
side of an adhesively-fixed part in a cartridge head,
and'tthe’ 25/ | ety e by waish@bser vede B ABA ao f eseihibr2 08
menbrane . in the part corresponding to the position of

0]
3
o

L he g n It ahd sttoml i orhheighiboriagocegh ving

was ruptured at the adhesive interface. Further, the

ho'iF6W fiber” 27 SFebrifarly Zotien 3¢°) was 0.7 to 1.4 times

with reference to the membrane-occupying rate PA in
neighboring region (A). In the region of from the

first non-neighboring region (Bl) to the contour part

15 of bundles in the second non-neighboring region (B2),

there were serial three unit regions (C) having the
membrane~occupying rate of less than 0.5 times PR.
In addition, a length of the columnar bar

inserted in the adhesively-fixed part was 45 mm, while

20 the length of the upper adhesively-fixed part was 65

25

mu, and the ratio was 0.69. 1In addition, the long side
and short side of the cross plate were 55 mm and 35 mm
respectively, and the ratios were 0.85 and 0.54
respectively.
[0033]
Comparative Example 1

A hollow fiber membrane module was prepared

as 1in the case of Example 1 except that an insert was



menbrane was picked off and the adhesivel y-bonded

surface was observed in detail. As a result, there

exi sted no nenbranes in the width of about 3 F1n: in

the par-- where the long side of the cross plate was
buried. 5 When having taken a photograph of t & Felmeary 2007
surface of the adhesively-fi%ed part; enlarged the

. A3 si ze; dr d a distributed _
B ot or o e Rar ot T PRs T naBranGC I PAC BF And PERS formed
: 2 0.37 respectively, the ratio
Pey B of oty 26 67 o6 OBy RE T atBS éage@_lgg;yaﬁ@éfﬁa
: - ' PC,in every unit regjon,
oL S Rl S LU 20
Tenbrane- QECHRK N0 £ AL, DA L0 nel ghbor L ng, ealon (M.

in the region of from firs nohgnelg

Fegion (Bl) t ] - 15 ndles in_the
segond gon2né$5i2§??gg$rg%?gﬁg%%é§%§ét€gr% §g(%l§%flal

t hrege: aunirty TR 01S) i( ﬂggﬁrg%tjgetm@nggggeépcgggM%P% 1,
rate of less than 0.5 tinmes PB. In addition, a |engt

of athe acolaumearulhgr tHansestied ddrthe adhesiyel Ysfi Xed
part was 45 mm while 20 the |length of the upper

adhésievelyef ncved hpartndvasie68 dams and-bhe-d atd @ MWas$r more

0.69. In addition, the long side and short side of

t hBCERESECepl ane cwere 255 vemtane 135 fimar respeeirived Y, The

and the ratios were 0.85 and 0.54 respectively. 25
101 088} eBAparairrederanphe s1 tAmol laow ftiHse memindranenodule

nodul e was regared as in the case of Exanple 1 .

ex&@pt W hafSsR I RSer t Aad ZPSPeBrugMPL200PTbrane having
caused the leak was ruptured in the side close to a
nozzle of the upper adhesively-fixed part.

When having cbserved the distributed state of
the hollow fiber membrane as in the case of Example 1,
there nondensely existed the membrane in a nozzle side
of a housing, and there existed no membrane in the
region of about 10 cm?. As a result of the measurement
of the distributed state, the ratio PB/PA of membrane-
occupying rates showed 2.5.
[0034]
Comparative Example 2
When having accommodated a hollow fiber

membrane element prepared as in the case of Example 2
intc a housing, the element was set so that the side in
the comparative nondense state in an adhesively-fixed

part of a cartridge head could be closest to a nozzle

provided in the housing. The positional relationship




40 not used when an upper adhesively-fixed part was
formed and the hollow fiber nmenbrane was .

adhesi vel y-bonded w th a centrifugal neghod |ndthe

state of having directed a nozzle upward according t

a general rule. 5 The nodul e was subjected tC)%¥Feb”E“y2007
physi cal cl eani ng durabllltyy&est as in the case of

d .result, the | eaks occurred in two
neﬁ%pgﬁéém té?e?géﬁglﬁoﬁPﬁ CORHOE AL BaBEdeRdFr 6daits and
2 gs. in cunul ative.total after two
ngn s %Eg? tlm?.ﬁ?éhéasafl%ﬁ?sopu € sAEtrRece

nerdy ane Q@gu{ﬁmhm@ﬁe %gﬁﬁ senpl ed. ]?ﬁﬁ;gsga Ao pﬁé¥cal

menbr ane havi hg~ cause | ed

si de cl:088; t@, 8y PPzl e of - t%g g,ppf bu?g%l Vfagégf&é

part. \Wen havi ng observed t

95 the hol | ow fiber seabrane as in.the.sase.of (Exa e

1, there nondensely existed the nenbrane Iin a nozz

si dentof, ahbusidgleand &@@ﬁﬁr@%'§ﬁe§ ﬁ@h@?ﬁpéénfnln
the region of about 10 cm. As a result of the

mawmmmmeﬁmﬁmamﬁﬂb%&¢&ﬁm%dﬁﬁi@m%@%ﬁ%lﬂ
of menbrane 20 occupying rates showed 2.5. [0034]

Corpparatatvier sExtarpl le £ t\Where haoti tigs accmmodadiedy8s finished
hol | ow fi ber nenbrane el ement prepared as in the case

of 2Exafplse @B i mre! & Hrousimig;artehencelienentamas set

so that the side in the conparati ve nondense state in

Oan é&ﬁé§?§@ll3¢df i Xx&F PpAS It a Aty inthge> thewrd reoulrdy be

cl gsest to Eozzle provided in the housing. The
po%?PFSHathe|§F|oﬁ?ﬁ|6uptuf6d in the side close to a

nozzle of the upper adhesively-fixed pazrt.
When having measured the distributed state of

the hollow fiber membrane as in the case of Example 2,

15 the ratio PB/PA of memprane-occupying rates showed 1.9,

20

25

[0035]
Example 5

Modules prepared by methods described in
Examples 1 to 4 and Comparative Examples 1 and 2 were

attached to a rack device, and were subjected to the

filtration of 1 m’

of a model liquid of which the
turbidity was adjusted to 1,000 ppm by adding mud in
river bottom thereto, and then cleaning it by passing
back wash water at the flow rate of 8 m°/hr for one
minute and air at the flow rate of 5 N-m®/h. After the
operation of filtration and cleaning was repeated five

times, each module was disassembled, and the state in a

membrane bundle in the vicinity of an upper adhesively-



27 February 2007 41 between the side in the

conparative nondense state and the nozzle at the tine

was inscribed on the cartridge head, and then the

nodul e was subjected to a physical cleaning

durability test as in the case of Exanple 1. S52AFplygRry 2007
occurred in one menbrane aftetZone nonth, and the
Iea%;xggcurgﬁd in 5 menbranes in cunulative total

af t er “3“nBAf hs "2 4nd°PR*36 menbranes in cunul ati ve

total after 6 gnnths. The test was finished at this
moment, and the RERbPARE HEduIrEmas 16 @ics &8S6riblted o

As resul e mbrane _haying caused the |eak ,
vos tbntar oo PEEHE T8 da 8 5a2t 6% - SR08H wobr renanboring

upp£ esl v, -fixe art. en havi ng _neasured the
dist%?%ﬂ?eﬁﬁs?%%%é%gbgygeﬁﬁéppoWFfEbgpgnénbr me C&§ -rAst to

h fs anti h | (| fe '
$10,0252 ST, EUBI .7, I NSO BBEN O g copy 4

menbr ane- occupyi ng rates’s

Mo it & o PF e el by net hods ; kped, LD; 1
to 4 aﬁa CbnparatiJé Exan%?égﬁggg%gﬂ2r§g%8ﬁxggphggmp;e L

at tached 0 @ 4 ackydevt €eny and-Mer g §H93nggégd2t akh8.  1n

filtration of 1 nB of a nodel liquid of Ich the

t urtbiadirte Was adjrust edyton di 0000 ppam BYgad4ERGnMUE- LA on1y
river bottomthereto, and then cleaning it by passing
back: wash paattero fattitchendlpwrsatieg of e @i w8/ hr for one 25
mnute and air at the flowrate of 5 NnB/h. After the
operation of filtration and cl eaning was repeated five

times, each nodul e was di sassenbl ed, and the state in
1oa INDUSTRIAL APPLICABILITY

[0036]

The present invention provides a membrane
filter module suitably used in a filtering device for
clarifying and sanitizing raw water such as river

15 water, lake water, underground water, sea water,

domestic wastewater and industrial wastewater.



menbrane bundle in the vicinity of an upper adhesively

27 February 2007 42 fixed part was observed. It was
observed that a large quantity of sludge accumul ated

in a part of second non-neighboring region in

Cbnpafative Exanples 1 and 2. In contrast to 52% hgkuag 2007
smal | quantity of sludge accuhhlated only in one part

of first non-nei ghboring rﬁgion in Exanple 1, and

little sludge accunul ated i Zﬁﬁﬁ?pges 2 and ?.tlg

Exanple 4, a small quantity of sludge accunul ated only

in ohe part of"t RELREFGhDBIFRGUEEgitRE @@1QNBU§ﬁR§ﬁL

APPL BILITY [0036] The present invention provides a

e J?“gﬁjéa“?iﬁ“?% “frod ngéégf‘gb?yhﬁééé’wi EREE W@hf@ﬁle

devi c r | arifying and saniti zi raw vwater suc _
as #%%%iglgogﬁ?%r?¥l%k@?ﬂé?éF£yuﬁ egg#éﬁﬁdfwgﬁérpaﬂﬁfaﬂvsx
wat er St S er _and_i ndustri al stewater.
27‘%é%?%%?@géd%gdm%sag%%}mﬁfoi.a%ﬂogipgrﬁafﬁgﬁgs§8{$n~“*

t . fe i - r.an nprisin .hol | ow

(7 Ber neror and- buRdl b Tor cd 6t 5 picr Al T of HSH ow

fi besmpRM ANesy=q B, NOusl NGy @Qd?§c905€ Srfgﬁdakgoulgg

a fluid to ender and eX|t therefrom I ch makes the
holirows f ivherl dlienﬁl{@rt%?usfiﬁ‘«%déﬁ’ @@@@rggdgooﬁaeﬁegélﬂg;ow
t

and to the inner wall of e housing at both en

t he el owmbrane bundle; makes a2 hollow part opened in
one side or both sides of adhesively~-fixed ends; and
has the nozzle for allowing the fluid to enter and exit
therefrom installed on the side face of the housing of
at least one adhesively-fixed end at which the hollow
part is opened; wherein a ratio PB/PA of membrane-
occupying rates is 0.50 or more but 0.95 or less when
gach of PA and PB is defined as the membrane~occupying
rates in a neighboring region (A) of the nozzle and a
non-neighboring region (B) of the nozzle among a
membrane chargeable region in the inner side of an
adhesively-fixed part, in at least one adhesively~-fixed
end of the opened hollow part in the vicinity of the
nozzle,
Z. An external pressure type hollow fiber
membrane module comprising: a hollow fiber cartridge
having a hollow fiber membrane bundle formed of a
plurality of hollow fiber membranes, of which both end

parts are adhesively fixed and hollow parts in at least

one end of adhesively-fixed ends are opened; and a



fi ber nenbrane bundl e; makes a holl ow part opened in

one side or both sides of adhesively-fixed ends; and

has the nozzle for allowing the fluid to enter and

exit therefrominstalled on the side face of the

housi ng of at |east one adhesively-fixed end &f Fapiuapy 2007
the holl ow part is opened; whérein a ratio PB/ PA of

oo LR G bPaRIA e 1 Tdarcied Al g G 4 mozz e
me an te nei ori.ng region (A
of n?%e ﬁ%?%ﬁggﬁ gfluﬁon%ﬁeﬁ I%ﬁl%ﬁpfﬁﬁﬁgﬁié%eﬁﬁé%he
bl t he
e 5t Pan T Ry S P Raa S, ot Fedste

onenadhesi yﬁgyaﬁnéedlse@q g& %Be/ﬁ%p%ge%ehollla%vg th etbe

the vicinity of nozz ext erndl

typelbpkiﬂyléfbﬁhe ﬂﬁH@Eagﬁr@Qgglgfc Hp P§EQQVe§ Srdggd
hol | ow fi ber cartridge having a hol ber

bungk et f b nelde of paned! H@@hb&zypghgoghe\é’ EHD@L e holiow
menbr anes, of which both end parts are adheS|ver

fI)@ﬂb@ﬂﬂhém%iﬁmep@iiSriﬂg@t leastinoRergRd 0bg/pa ~f
adhesi vel y-fi xed ends are opened; and a 27 February
20074z thoust agp atcpmadat | hg 0 heocart nbdgerando. o5 or
having a nozzle for allowing a fluid to enter and
exitetheteft omch rst afd eshodnPlati4 edsfione skdenhfacepbrane-
in which the nozzle installed is fixed so as to be

pl é)&_?leiYn“t%efaRﬁ cithit yiofoitiier inmeregueh ace) obf anhe

adhesi xed part in the opened hollow parts side
|nr¥he%ﬁbﬁ A i BEr e A € a1 F i Pye | Bwhef e e anczzle

ra%%%n%ng%éﬁbrane chargeable region in the inner side of
the adhesively-fixed part, in an adhesively~fixed end
in the vicinity of the nozzle.
3. The external pressure type hollow fiber
membrane module according to claim 1 or 2, wherein in
the neighboring region (A) of the nozzle, among a
membrane chargeable region in the inner side of an
adhesively-fixed part, membrane occupying-rate PC is
0.5 times or more but 2.0 times or less with reference
to membrane-occcupying rate PA in the neighboring region
(A), in every unit region (C) constituting the
neighboring region (A).
4. The external pressure type hollow fiber
membrane module according to claim 1 or 2, wherein PA,
PBl and PB2 of the membrane-cccupying rates have the
relation of PA > PBl > PB2 and further PA is 0.40 or

more but 0.60 or less and PR2 is 0.20 or more but less



menbr ane- occupying rates is 0.50 or nore but 0.95 or

| ess when each of PA and PB is defined as the

menbrane- occupying rate in a neighboring region (A)

of the nozzle and a non-neighboring region (B) of the
nozzle anong a menbrane chargeable regi on i n £h&ebruary 2007
inner side of the adhesively* i xed part, in an

adhesiyvebyyhi §ﬁg end ..in: tQ%éVE%hrg S%et € nozzl(rf;e?ea

3. The externa pressure t

nDdME@b@%ﬁQLgbggobgFﬁ) 1 : QF Zf%Fg r%#%néggé%borlng

nei ghboring regio “the Aoz

nmenbegngnchangeafhe.r i he_i.nner side o _
adhes?ve?y flged gartggkgﬁ%rgﬁé ggégpypﬁénﬁafegﬁénlsgz i

0. 5t k& MBS Oh = BFRE byﬁ 2,04t} 0eSy e ference
to nmenbrane- oggupglng rate PA ?nQ g Eé?g %QZl% among- the

regh@fbr{:A) , chAr@¥ehYe URLY i 589 AN (O - 99@§t Lt uting the
nei ghboring region (A). 4. The ext er nal pressure type

hol 4dtwe § i et v - fewdd aper opdul e according to claim11 or
2, wherein PA, PB1 and PB2 of the nenbrane-occupying

rates have tHeheretationl of rEhsrre PBlpe_hBB2oandiper
further PAis 0.40 or nore but 0.60 or |less and PB2
| s MO0 gre M@l butadessi 2% Febraay yo2007s 45athant to 3,
0.40 when each of Pal and PB2 is defined as a
neﬁﬁﬁhﬁe' iy iy kg b ar fend i rearigronsmiei ghbonéngozzle
on (6ﬁ? and a second non-nei ghboring region (B2)
hétghborishg Pegicoth (B)r of L athel molzz¢ el mnongs i de

nenbr ne .ch ble region in the inner side of
a&hes|vﬁﬁf-ﬁ e&g part includes at least one unit

region in which membrane-occupying rate PC in unit
region (C) constituting the non-neighboring region (B)
is less than 0.5 times with reference to the memnbrane-
occupying rate PB in the non-neighboring region (B).
6. The external pressure type hollow fiber
membrane module according to c¢laim 1 or 2, wherein a
current plate is arranged in the vicinity of the nozzle
of outer circumference parts of the hollow fiber
membrane bundle.

7. The external pressure type hollow fiber
membrane module according to claim 6, wherein the
current plate 1s cylindrical, accommodates the hollow
fiber membrane bundle inside of it, has a plurality of
through-holes in a wall surface except the vicinity of
the nozzle, and has neo through-hole in the vicinity of

the nozzle.

8. The external pressure type hollow fiber



5. The external pressure type hollow fiber menbrane
nodul e according to any one of clains 1 to 3, wherein

t he non-nei ghboring region (B) of tﬂe nozzl e gm)ngf

t he menbrane chargeable region in the inner side o

an adhesivel y-fixed part includes at |east one2{fpruary 2007
region in which menbrane-occupying rate PCin unit

[ t.h - hbari ng reglon (B)
< orelet Ehan Otk i e iRy pe,cgﬁﬂgw Forthe mir . <
X th n-n n |on
S?C%ﬁ%éé%i?‘%ﬁr%éggugéns%)g ﬁg?po&ﬁ? %n ﬁgﬁygfxed

t r ere , ]
B Ao o AT ARged | B T ASTYTCERIE) B Thé Az Erd o

out nf n p S hol:| flbe :
%ﬁﬁ%ﬁ@%%@%ﬁﬁgm@mwwm%

fibet oderdy es;86e9£ding to claim6, wherein
t he éﬁrrentﬂm?ate IS %ylindrical accommobdat es t he

holdow fi berA n%@@r@mef@ﬂﬁﬁé@uf%wﬁ 0f the BaS 2141

plurality of through-holes in a wall Surface except

t hendinid yoyofe Hdel hozzlies r an@lpmlaasn@om&au@@ggcbek@mg to

in the vicinity of the nozzle. 8. The external

pr eslsure It ype holdowfidier 27 Fehraay yi 20071 146 a

menbr ane nodul e according to claiml or 2, wherein an

adl?éé%”@élﬁéhd?fpmlm intatd mige tshel radth esi vehy - § £ xedho 110w
is made of a single layer of a high polyner

tférbueél MERRG A4S B Edndss 9f BOA toLFODT making a
e erat ures
raﬂgﬁlowfp%%%r%%%% t g%commodatlng the hollow fiber

membrane bundle which keeps the state of the insertion
in a vessel for forming an adhesively-fixed part;
injecting an adhesive bond into the vessel and curing
it; then cutting an end face of the hollow fiber
membrane bundle to form the adhesively-fixed part; and
consequently making the columnar materials having a
length of 0.3 to 0.9 times with reference to a
thickness of the adhesively-fixed part exist at least
in the adhesively~fixed part of a neighboring region
(A).

1G. A method for manufacturing the external
pressure type hollow fiber membrane module according to
claim 1 including: accommodating a hollow fiber
membrane bundle in & housing case having a nozzle for
allowing a fluid to enter and exit therefrom at least
on one side face; horizontally rotating the housing

case in a state of keeping the nozzle directing toward



9. A nethod for manufacturing the external pressure

type holl ow fi ber nenbrane nodul e according to claim

1 or 2 including: previously inserting a plurality of
columar materials into an end of a hollow fiber

menbrane bundle at |east in a side of making a27 heprugw 2007
part opened; accommbdati ng tH% hol I ow fiber nenbrane

bundl ch:k h tate of the insertion. in a
vesgegoﬁg% ?of%?ﬁgoén%ggﬂe5|vgfﬁ 2P éd ﬁdFFCtlon’

in h an t he, ve and curin
0 EEhenoLi, A e oL Rt R i &vsflr@efcase %nder

rrer@ﬁ@n@e@tmﬁk@ he korm.the,adnestyel yofixed party
consequent |y na ing the columar erlals qvihg™

| englithe of v 3-+0x049pLi-AES With reference to a

t hi ckness of the adheS|ver fixed part exist at |east
in the adhesively-fixed part of a neighboring region
(A). 10. A nethod for manufacturing the externa
pressure type holl ow fiber nenbrane nodul e accordi ng
to claim1 including: accommopdating a holl ow fi ber
menbrane bundle in a housing case having a nozzle for
allowwing a fluid to enter and exit therefromat | east
on one side face; horizontally rotating the housing
case in a state of keeping the nozzle directing toward
27 February 2007 47 a lower direction than a

hori zontal direction; injecting an adhesive bond into
t he housing case under the centrifugal force; and
curing it to forman adhesively-fixed part.



