o 1 DESCRI PTI ON HOLLOW FI BER MEMBRANE CARTRI DGE
TECHNI CAL FI ELD The present invention relates to an
i mrersion type nenbrane cartridge using a holl ow
fi ber menbrane set to a suction type tank filter
device or an 5 inmersion typf filter device. Mire
m nutely, the present invention relates to a holl ow

fiber menbrane cartridg§5@§gﬁrf@w a filter device
that renoves turbidity and bacteria fromraw water

such as riveryoneb®' FIbRk MMMt RANE USKter @ gd wat er,
seawat er, 10 donestic liquid waste, industrial liquid

waste, or sewage secondary treated water, nenbrane
separation activated sludge device for carrying out
solid-liquid separation of activated sludge by a
menbrane, or separation of val uable objects and
NOWEQENTEALeFIBLDb] ects. BACKGROUND ART As a waste
water treatnment nethod, there is a mnenbrane

separ ati on a€h¢varesdent uilgeeneitoorebaes sipgan immersion
I mrersing a menbrane cartridge in an activated sludge
20tyaakraRareane r Grrgrbdge sefied | & e Hlewphiker oremprane
the activated sludge and tg; freated water after the
tr8gtneht@ FRFEIARt b at# Bkt he®E HREHTS 2T ofP of t he

53@%&’@%3%3'%&8 EMES: AL qofe SERRERSPY, SLd)
present invention relates to a hollow fiber membrane
cartridge used for a filter device that removes
turbidity and bacteria from raw water such as river
water, lake water, underground water, seawater,

10 domestic liquid waste, industrial liquid waste, or
sewage secondary treated water, membrane separation
activated sludge device for carrying out solid-liguid
separation of activated sludge by a membrane, or

separation of valuable objects and non-valuable

15 objects.

BACKGROUND ART
As a waste water Freatment method, there is a
membrane separation activated sludge method comprising‘
immersing a membrane cartridge in an activated sludge
20 tank and carrying out solid-liquid separation of the
activated sludge and the treated water after the
treatment. This method allows the concentration of the

activated sludge (MLSS: Mixed Liquor Suspended Solid)
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to be set at a very large value from5,000 to 20, 000
mg/ |l for a filtering process. This advantageously

all ows the capacity of the activated sludge vessel to
be reduced or enables a reaction tine in the activated
5 sl udge vessel to be shorteped. Further, the
filtration wth the nenbrane prevents suspended

sol},dge (99} 5%351 vgfgng%gazgegam Of%%xﬁaéﬁ@oﬂ‘%é‘?rzotfé‘@

el rmnating t nee i nal sedi nehtation tah

Thing/ ekes &tfiPQ§§i@be?f@cé§cheTﬁb§ SQPSAEHGEH Q8 y
area of the 10 treatnént facility and to achieve

fihlrehsophéedapdtess opfthbeibeivatedOil @ddd VWéesel to
sludge is appropriately sedinented. This method thus

halse aggdntagesr sendbbss aa resiciciowntime the tivadofivated
activated sludge managi ng operation. Therefore, in

r estutigg evessel heo neebshoet diiedepafattlver actheaf bt ration
sl udge nethod has prevailed rapidly. If hollow fiber
mewbt Antke anembrane f prevéert s nsuspemeed asekidge(SThefrom

hi gh strength of the nenbrane itself hinders the
suPeieg Bixtedelnbabiapdted omBperngthyd elbimipatirg sthe
result of contact with contam nants contained in the

PSR EPT FhbiRRhbP R IRBrAFi QR ctatk. (TS HIAKRR L

for alo 9 erio .ch eover Ehis . Structure_h §ethe

ket B PO LR R ah R St PSR ShRTES VR

1 LAAgage HIBLa Loy A SEL B BP0 S farascns

| 0F ook tof SHOVELLEU A0 1048, RISl

degsg8aentBd eSSThL & tASASD EiSusAidd esiPAtages such as a
reduction in the load of activated sludge managing
operation. Therefore, in recent years, the membrane
separation activated sludge method has prevailed
rapidly.

If hollow fiber membranes are used for the
membrane cartridge, the high strength of the membrane
itself hinders the surface of the membrane from being
damaged as a result of contact with contaminants
contained in the raw water. The membrane cartridge can
thus be used for a long period. Moreover, this
structure has the advantage of being capable of back
wash reverse filtration, that is, injecting a medium
such as treated water in a direction opposite to that
of fiitration to remove fouling to the membrane

surface. In this case, however, effective membrane

area may decrease unless filtration is carried out
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3 while excluding aggregates of activated sludge as
well as contami nants fromthe raw water accunul ati ng

in the gap between the hollow fiber nenbranes. As a
result, filtration efficiency |owers, thus stable
filtration is 5 prevented from being naintained over a

| ong period. Conventionally, the follow ng nmethod is
USRH11& OcRYDIE: RE CaGYLGh8s SbHU9E Phatde s1k&gd®Nadhfell
surfaces of hollow fiber nenbranes or between the

hok s oo it KR naREDI BAER . tHEataw Swa B&F ad ¢ OmbYa€ifig 0in 1bhe
the like is perfornmed fromthe | ower portion of a

megdyp albbet waet r tidg eho hhow aft haat mehist amkge. agys eq atesaht,
contam nants brought fromraw water on the surface of

a fhottratidmn bef £ hednapel ovebet veews hotalole ffhktration is
menbranes are renoved in accordance with the
oskrevented &rémdreing grainbeidednevenc atpnatpeniod.
effect by novenent of bubblers upward and thereby,
accunul at i orCRverekenallpr ctiemt fol Leping igihed &s used

L hES| SR R R RH 56 o e 9% JohS nkrkA R Che

F o WhbESEe 20F fafley M etk didh ¥ BRriet) S

or e PR EHRE, Birasted T B e et DD i e o
s s 20 s s e e

t hhQigFah®| &5r 251 B4, Nohd oxed i P edBINIRNE Sagd fegate and

oscillated so that" a suspended material” deposited on

t heotdRi ndntt § asesugit £hem NBARNANESr e gasidyrface of a
renoved. (For exanple, refer
hollow fiber membrane or between hollow fiber membranes

are removed in accordance with the oscillation effect
of a membrane and agitation effect by movement of
bubblers upward and thereby, accumulation of them is
prevented. For example, a lower ring (or also referred
to as skirt) is set to the lower portion of a hollow
fiber membrane cartridge and a plurality of through-
holes are formed on a lower-ring-side adhesion fixation
layer to form an air pool in the end of the lower ring
protruded from the lower ring by aeration from the
lower portion of the cartridge. Thus, bubbles are
uniformly generated from the plurality of through-holes
and hollow fiber membranes are oscillated soc that a
suspended material deposited on the outer surfaces of

the membranes are easily removed. (For example, refer

to Patent Document 1).




to Patent Docunment 1). 4 According to this nethod,

. when filtering high-concentration M.SS such as the
case of the nmenbrane separation activated sl udge

met hod, there is an effect for renoving the sludge
bet ween hol | ow fi ber 5 menbrgne bundles in accordance
wWth the agitation effect by aeration and the

oscillation gideedi g B RN mEehodOWRE | £ feFiGRy
for raising activated sludge aggregate or

C Ottt (pHiF ikt n ed 151 S MILSE asaeNtanfthd et aftte
renoved sl udge noves to a position nearby 10 the

adhesh oand i seppd it iqry efct jargt ddeyl wdge nedtleas, [bhere is
renmoved to the outside of the nmenbrane bundl e.
Moare cvEfectt hisohatdmowv fridarharesiudge twden jortlion fiber
near by the adhesion fixation |ayer has a snal

5 oseenbranerbunmples ude agnprdaned origh ithe sagifaisiginl e
15 to sufficiently renove fouling fromthe surface of
t rRf fephthuferatnion Rk the Pypbblamamaifed QU face
of a_ hollowfiber is clogged because sludge js

adtefRrafed HRMSEh derfiafes o PR DA et
JP-A-2000- 157846 20 DI SCLOSURE OF THE | NVENTI ON
| i 0 9 | e B TR RT O O0g 1S Fpent of
ohj of the,present.i ' Vi J I
B Eh, U PR DR it B IR 0 oy
10°f%}§é “Qcﬂfﬁéﬂ&{ eﬂﬂa@cﬂﬁ‘p 1y Ot AN ”t?}{ga)? £ e old o
fi ber menbrane cartridge at 'a necessdry m ni mum
anpidved BSrald VL& Ntheéd membrane bundle.
Moreover, the hollow fiber membrane at the portion
nearby the adhesion fixation layer has a small
oscillation amplitude and therefore, it is impossible
15 to sufficiently remove fouling from the surface of the
membrane, and there is a problem that the surface of a
hollow fiber is clogged because sludge is accumulated

between membranes.

[Patent Document 1] JP-A-2000-157846

20 .DISCLOSURE OF THE INVENTION
[Problems to Be Solved by the Invention]

It is an object of the present invention to
provide a hollow fiber membrane cartridge for
preventing accumulation of sludge aggregate and

25 contaminants on the hollow fiber membrane cartridge at

a necessary minimum amount of aeration and having a

stable filtering pérformance for a long time.




stable filtering performance for a long tinme. 5

[ Means for Solving the Problem As a result of
devoting thenselves to study, the present inventor et
al . have found that by using the follow ng structure
for a hollow fiber nenbraneff cartridge, a

sl udge-fouling discharge route is fornmed and sl udge

ggglgﬁg%gg gj?ogngof@%?r@g@nglsoﬂ%&pi scharged to the

the ne ane cartri e w t hout

accunul ati ngpbes %mlépmé&&@inmﬁ@&@é tdestudy,

menbrane cartridge and have conpl eted the present 10

| nWgatpedsedhainvSntdNeePr£ELMavd VEIUIAD L hHt dep ais hegl

bel ow. (1) A hollow fiber menbrane cartridge

cotipé | BoNPowBndn okt e e r £ane nd riasiel vl NEl ke 1= ameritst e

of plural 15 hollow fiber nenbranes and arranged in
Svecarcaldgal r@cslwigenfanl imyeissachmibest hyowinel Bl hissimoed

fixation layers for adhering and fixing the holl ow

fided shedde srggbrgrltes and heonjoamiraniss are whisthayged

shape of the adhesion fixation |ayers is selected

f roth Ehe Qubsiide ek oihe Jremhraie Lariridge withewhgl e,

and hgﬁgﬁ%n,and t he hol |l ow portions of the hg%%owl

fi BeF L0 LY 00 chihek REhARRS the

upper-side adhesjon fixation la a t he hol | ow

(PRSI RE, SECEifee od nave, cdtSler & idrarSaaY
10bu59$§§tfghfhe fiItration 25 section-side i nterface of

t he upper-side adhesion fixation |ayer.

That is, the present invention is described

below.
(1) A hollow fiber membrane cartridge comprising
a hollow fiber membrane bundle consisting of plural

15 hollow fiber membranes and arranged in vertical
direction in an immersion bath; and adhesion fixation
layers for adhering and fixing the hollow fiber
membrane bundle at the both ends, in which the shape of
the adhesion fixation layers is selected from the group

20 consisting of a triangle, rectangle, and hexagon and
the hollow portions of the hollow fiber membranes open
at at least the end of an upper-side adhesion fixation
layer, and the hollow fiber membrane bundle is in a
state of plural small bundles on the filtration

25 section-side interface of the upper-side adhesion
fixation layer.
(2) The hollow fiber membrane cartridge described

in the above Item (1), wherein the shape of the



(2) The hollow fiber nmenbrane cartridge described in
the above Item (1), wherein the shape of the 6
adhesion fixation layers for adhering and fixing the
hol | ow fi ber nmenbrane bundle at the both ends is
rectangul ar, and the hollcwvéiber menbrane bundle is
divided into plural small bundl es between the | ower 5

Zgﬂ%@%n | BN dd XA 1 2hydAY Sf o BRI &8 MPPSRd SEPRing the

i xatron layer. (3) The holl ow fiber nenbrane

Cakd1iseer desemdsrand dlriBdeE tRe€medn ,endierasn in

the plural small bundles of hollow fiber nenbranes on
t heedtdhg@lap) dfd SEred i sl Sowlef ivd erfiemer aie tihendle is
upper - si de adhesion fixation |layer, the distance
bed ivetied hente gpbista hadrhaoll  Burbdl e sremdirwees tlse | boeer-
than 2 mMmin each small bundle, and the nunber of
5hosidev ddives iomnhiemesor oksyert Landgtheappreresideundl e
is 10 or nore and 1000 or less, and 15 the distance
beadeesiomel heatben bawg¥- bundles is 2 nm or nore and
100 mmor less. (4).  The_holl ow fiber nenbrane

caf?lidge deBeeilbeblow ffidRr MR FILYTLIGe Hggribed

| e BRE TR ) AR AT ARD LA e

"ESREESn AP RHLEy | 6T SHORRER el o, A £PEP Rl

10315 S FBF-aRCH gAY 20O gl Laplann b

{ gffﬂéf.:f&]l féye-ﬂ?,e PLESEN £ AAVE N d O dRKESe | e LRSSt Dh&E1 1 0w
fiber membranes is less than 2 mm in each small bundile,
and the number of hollow fiber membranes constituting
each small bundle is 10 or more and 1000 or less, and

15 the distance befween the nearest small bundles is 2 mm

or more and 100 mm or less.

{(4) The hollow fiber membrane cartridge described

in the above Item (1), in which the upper-side and

lower-side adhesion fixation layers include a resin,

20 respectively, and the hardness (measured in accordance
with JIS K6253) of the resin at the filtration section-

_ side interface(s) of either or both of the adhesion
fixation layers is 20 A or more and 90 A or less.
[Effects of the Invention]

25 The present invention makes it possible to

prevent sludge from accumulating on the surface of a

hollow fiber membrane and realize a filtering

performance stable for a long time.
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prevent sludge from accunul ating on the surface of a
hol | ow fi ber nenbrane and realize a filtering

performance stable for a long tinme. i 7 BRIEF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a cross
sectional illustration showng an enbodi ment of a

hol | ow fi ber nenbrane cartridge of the present
invention; 5 Figs. 2(a) to 2(c) are schematic di agrams
of bundle structures of a hollow fiber menbrane

cagkthdgsEsSOk 1 b PEORI B eHE | BvARENE® and Fig. 2(d) is
the bundle structure of a hollow fiber nmenbrane

cartridge nofigi ntluslesl ¢roddesaftes@idl | IVANt o 1 JP
Figs. 3(a) and 3(b) are cross sectional illustrations
s hshbwn @ nare ndaisbdbménof o Bt ddhd Iobow | hidser mesids rares
cartridge of the present invention, respectively, in
whezht i dge 338) tisdgusesenexinyeretion; whi ch a bubbl e
supply section is connected with a 15 nmenbrane
cartridge antigs g.2 {b)tehdin) arexxshsratiic dinarenhet
bubbl e supply section_ is separated fromthe nenbrane
capiriyestmgures 9f adllandifey newberatieridge
di agranms showi ng an enbodi nent of a | ow fiber 20
b Breaet RS o Kigs A ohg | I dLe
interface of an - Si adhesi.on fixation. |layer .of

" EEE RS ofra AT L ThEE RN (R e ot
VSOt iede {8SPREhYEL A AWhention;

Figs. 3(a) and 3(b) are cross sectional
illustrations showing an embodiment of a hollow fiber
membrane cartridge of the present invention,
respectively, in which Fig. 3(a) shows an example in
which a bubble supply section is connected with a
membrane cartridge and Fig. 3(b}) shows an example in
which the bubble supply section is separated from the
membrane cartridge;

Figs. 4(a), 4(b), and 4(c) are schematic
diagrams showing an embodiment of a hollow fiber

membrane arrangement on the filtration section-side

interface of an upper—-side adhesion fixation layer of a

hollow fiber membrane cartridge of the present
invention, respectively; and
Fig. 5(a) is a schematic diagram showing a
hollow fiber membrane winding cassette of Example 1.
Fig. 5(b) is a schematic diagram showing a

cartridge on which a small bundle structure is formed



o

Fig. 5(a) is a schematic diagramshow ng a 25 holl ow
fi ber nmenbrane wi nding cassette of Exanple 1. Fig.
5(b) is a schematic diagram showi ng a cartridge on
which a small bundle structure is forned 8 by
changi ng wi nding pitches at gfhe both ends at the tine
of wnding. Fig. 5(c) is schematic di agram show ng the
DOSi 1 Lol ab h i ng
S5} LORBSLAT, FLATI P IEEReL Nar CORE ot A0E A0S
fixahtodr! @¥Ringl 9- 5(d) is a schematic diagram
showi ng an enbodi nent of hollow fiber nmenbrane bundl e
arrangenent ppy. tHec) N ersAeEmSt i ANdLPPLIm SsKving the
adhesion fixation 10 | ayer exposed due to cutting.
Anglos Ft fonS1 epel st Bos Cherméets thagtasshon igd @Armousing
enbodi nent of hollow fiber bundl e arrangenent on the

Si ndedf tlbe ofttihgwess st den aclfiesn onphe xadide ddlyesion
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exposed due to cutting. 15 [Description of reference
nufiexat §pn layebl | ow fi ber nenbrane bundl e 2:
Upper - si de adhesion fixation section 3: Lower-side
adhesi on fi xBigond 6@ktivmn Ichempeic sdirIzamesh@ning an
fixation layer 20 5: Lower-side adhesion fixation

| a§BROBLIERY Qfir PALEPW! L P YRR HIN P 13 5ERTgFment
| a erth7:,%£d furfac of | ower-sjde qﬂ?esjon ij tjon
Iaé%r 9. imterrace |§nFRPQer~51 e adhesion fixation
laver exposed due to cutting.
And, Fig. 5(e) is a schematic diagram showing
an embodiment of hollow fiber bundle arrangement on the
interface of a lower-side adhesion fixation layer

exposed due to cutting.

[Description of reference numerals]

1: Hollow fiber membrane bundle

2: Upper-side adhesion fixation séction

3: Lower-side adhesion fixation section

4: Upper-side adhesion fixation layer

5: Lower—-side adhesion fixation layer

6: End surface of upper-side adhesion fixation layer
7: End surface of lower-side adhesion fixation layer
8: Bubble supply port

9, 11: Catchment chamber

10, 12: Catchment pipe

13: Side stem

1l4: Filtration section



» 9, 11: Catchnent chanmber 25 10, 12: Catchnent pipe
13: Side stem14: Filtration section z 9 15:
Filtration section-side interface of upper-side
adhesion fixation layer 16: Filtration section-side
interface of | ower-side adhesion fixation layer 5 17:
Smal | bundle 18: Through-ho?e 19: Skirt 20: Gas
jetting.port .21: Wnding pipe, 10 22: HolLow fiber,
b abbPEERe 105, aehhTon s BuEr 1 aRe P Pace ok SHbbeF e Holhe
resj : t rfa BEST MODE FOR CARRYI NG OUT
TFé#ﬁﬁﬁéﬁﬁl%ﬁf?fg?ﬁlfg%%gs an exanple for illustrating

E Ege: ;HPEL&Efoﬁf s cE‘Péﬁ%&% 2%%@??%%”8%;%&&3&%@

resent 1 nvention. ow r rane

caglinb 898n @gﬁa@iggligyé{iber menbrane bundle 1
consisting of 20 plural hollow fiber nenbranes and a

SUPPRF - Shalel aghegien fixation section 2 and a
| ower - si de adhesion fixation section 3 at the both
enls: ofhtbeghohbDe fi ber menbrane
19: Skirt
20: Gas jetting port
21: Winding pipe
10 22: Hollow fiber membrane
23: Housing
24: Urethane resin

25: Urethane resin

26: Cut surface

15 BEST MODE FOR CARRYING OUT THE INVENTION
Fig. 1 shows an example for illustrating the

structure of a hollow fiber membrane cartridge of the
present invention. The hollow fiber membrane cartridge
has a hollow fiber membrane bundle 1 consisting of

20 plural hollow fiber membranes and a upper-side adhesion
fixation section 2 and a lower-side adhesion fixation
section 3 at the both ends of the heollow fiber membrane
bundle 1, and the hollow fiber membranes are fixed by
an upper-side adhesion fixation layer 4 and a lower-

25 side adhesion fixation layer 5. The hollow fiber
membranes open at the end surface 6 of the upper-side

adhesion fixation layer and they may open or may not at




bundl e 1, and the hollow fi ber nenbranes are fixed by
an upper-side adhesion fixation |layer 4 and a | ower 25
si de adhesion fixation |ayer 5. The hollow fi ber

menbr anes open at the end surface 6 of the upper-side
adhesi on fixation layer and;gphey nmay open or may not
at s 10 the end surface 7 of the | ower-side adhesion

fixBLi 8Rd sa¥Bhce MPr&f PERE eI S £-4 5a@ sdR&sish efiRation
which the hollow fiber nenbranes open only at the end

surfaee. 6 MetetPEcERPESIS| T8 adbeshoruté Xad i wii diayetie
and do not 5 open at the end surface 7 of the

| onellswdeibdhesémibrafiexadpem dayerat belcaused ssiehface 6
structure enables a |ower-side catchnment chanber as
webf tbeauppextside yadiiesidnt §ixatben ochayerdand dubide
supply port 8 for applying aeration 10 to holl ow
5f | beennehbtheesndugubtacet gphit tae olower—sicde adhesion
menbrane cartridge. Wien the nmenbranes are not

i nfégphied WRYRr¢ Heeeanse | ggeh atstrupgkererenthled et

the port 8 to a position to which aeration is a | ed
t ol GWRENDE AR CRLFIPR tincRATMREE FR WP Rhe?R AR r?w’gﬁlaﬁy

Mo th t.8 i i nt ted with th
ca%$$¥gég¥m£$n?§ %Bﬁgéﬁ?e {2 }gtegggos frgn1an °
irtight [ | et ' . t .
Suppl ving LB eSRRLE sUBBEY kot STk B8y By fration
Topp. . Spal
1O LR, PPy S, BT oo BB 5 o
suppthed HERBTANE LOVEFid§o! i WReh Ores CRBfbEMESCare not

upper portion are formed oOn
integrated with the cartridge, it is preferable to set
the port 8 to a position to which aeration is applied
to a membrane bundle under the membrane cartridge.

15 Moreover, when the port 8 is integrated with the
cartridge, it is possible to jet vapor from an airtight
pipe or jet vapor from an air pool after supplying the
vapor into a skirt-like space and forming the air pool.
When the port 8 is integrated with the cartridge,

20 through-holes for bubbles supplied from the lower
portion to escape to the upper portion are formed on
the lower-side adhesion fixation layer 5.

Fig. 1 shows an example in which the end
surfaces of an adhesion fixation layer open at both the

25 wupper side and the lower side of hollow fiber membranes
and a bubble supply port for carrying out aeration is

not integrated with a membrane cartridge. A catchment

chambers 9 and 11 and catchment pipes 10 and 12 are




t he | ower-side adhesion fixation layer 5. Fig. 1 shows
an exanple in which the end surfaces of an adhesion
fixation layer open at both the 25 upper side and the
| ower side of hollow fiber nmenbranes and a bubbl e
supply port for carrying out;aeration is not
integrated with a nenbrane cartridge. A catchnent
chaphgest8qapd %ﬁeaﬁﬂ éﬁtSH&ED&w@kpgahégléﬁdfiﬁaQESns
11 connected to the upper and | ower adhesion fixation
popbi-ensnsThe upper and | ower adhesion fixation |ayers
are connected by a side stem13. In hollow fiber 5
menbr anes, aTher tppernehdi bewedesddhasadhesivationalagers
| ayers at the both ends is defined as a filtration
seateonotidechegobyi ansidei sgemhe3fi | Inahobhosefiben-
side in the upper-side adhesion fixation |layer 4 is

Sdefmembranesa & porhitonnneecinohudedeinnadneéaten1fipstion

10_t he upper-side adhesion fixation |ayer, and a
pote¥ers ahkcthg bakhfendsaipofeEinedonsia fhbtration
| ower-side_ adhesion fixation |ayer 5 is defined as

t heeFFiPRatfon2 BRELLGN- ER@ENg nERef EiLtiatbpnt peCtion-
| ower,- si de fixati

f.séﬁenéﬂbFﬁﬁeuBaﬁﬁrﬁlie %d%?%+a%d£l¥ﬁFbog|h?g?roﬁéf?
bugghps47,an,  be, ppRet o5 de adhesi on. [Lxation.! fyes

O aeratiron rrom OV\BT portion

10a|Eﬂétuﬁﬁék'gﬂbéya&h§§16ﬂ flgéplgﬁtfgﬁgr Oéﬁ&“é portion
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facing the filtration section in the lower-side
adhesion fixation layer 5 is defined as the filtration
section-side interface 16 of the lower-side adhesion
fixation layer.

The hollow fiber membrane bundle 1 is divided
into plural small bundles 17 on the upper-side adhesion
fization layer 4.

Bubbles due to aeration from the lower
portion almost vertically rise in a gap between hollow
fiber membranes while applying oscillation to the
hollow fiber membranes. Amplitude of oscillation of
the hollow fiber membranes are small nearby the upper-
side adhesion fixation layer and the gap becomes small,
and bubbles escape to the outside of a membrane
cartridge.

When a filling factor is increased and the
gap between hollow film membranes is small, solid

matter contained in sludge, fiber-like object, and



20 fi ber menbranes while applying oscillation to the
hol | ow fi ber nenbranes. Anplitude of oscillation of
the holl ow fi ber nenbranes are snall nearby the upper-
si de adhesion fixation |ayer and the gap becones
smal |, and bubbl es escape t:6, the outside of a
menbrane 25 cartridge. Wien a filling factor is

'n96§é§Q€ e@dSQH@gegéanhstwﬁseabelha»bﬁghntﬂsneagneSAs a
is small, solid natter contained in sl udge,

fi pesulltketableebmadndbélwedphsillonf fsbod0ResBRARES to
escape through the gap. As a result, they remain

betiweerabel howifitbeingeabeanaadt makdefidgseiag difficult.
filtering area and make filtering difficult. To easily
remove sl udg®odepesily whinbge S5ludgeedspagithehilel ing
factor of hollow fiber nenbranes, it is necessary to

5f oinraepgingatheofiil pongi 6actardefisheylow Fbbeow fi ber
menbr anes nearby an upper-side adhesion fixation
poREMBA2AREG  udE #ﬁeneﬁﬁﬁéﬁﬁﬁtF@nfﬁﬁmtﬁoﬁaagfﬁcﬁhaﬂnel

t hrough whi.ch sl udge 19 deE sit _escape. That is, a
stPBEg&PE F§ QPF@& Vv@ i Ro &HWcﬁlgeﬁoWP%QF?Pﬁﬁrnearby an
menbr ane

n n 8 ded into Egura aa Eﬁdles
to HRE tﬁé Saﬁ BEF%@% ﬁB?FbﬂP PPHE! e anBpbi8l es
25 r8p623n0ebyoboRELaY! 28 BUBRLARe1 AP SLYAOG, §EROS hage

wever, ween rane

IObUHQFS§éEe%FE¥g@n a@HSE'QQ pQr%tPHcE@§e 1§n?£kect1ve in

_ Cillation ahd s e IS easi
deaaibhea hbR1bherd8er ﬂ@ﬁﬁ?&ﬁéebuHMlé°i§189v§8@h|1nto

bundl es, the
plural small bundles to use the gap between hollow
fiber membrane bundles as a channel of aeration bubbles
and sludge deposit.
15 However, the gap between hollow fiber
membrane bundles nearby an adhesion portion has a small
amplitude of oscillation and sludge is easily deposited
in the gap. Therefore, by forming small bundles, the
distance between hollow fiber membranes in the small
20 bundles decreases, a space in which sludge is
accumulated is eliminated, and it is possible to
prevent accumulation.

Moreover, dividing a hollow fiber membrane
bundle into plural small bundles in the portion between
25 the lower-side adhesion fixation layer and the upper-
side adhesion fixation layer is preferable because

aeration from the lower portion oscillates all hollow

fiber membranes thereby enhancing cleaning effect.




di stance between hollow fiber menbranes in the snal

. 20 bundl es decreases, a space in which sludge is

accurmul ated is elimnated, and it is possible to

prevent accunul ati on. Moreover, dividing a holl ow

fiber menbrane bundle intopural small bundles in

the portion between 25 the lower-side adhesion
fiyatrt9Bulayey, ardriniBgUpREEasi fletadhesbabohihd@hgen

| ayer is preferable because aeration fromthe |ower
pobkteBeAsehkl abkeraklidBohtipvsibhbeixaeibnabeget henebyhe
enhanci ng cleaning effect. 13 Particularly, formng

pl uppkrruidal adhesoundfhgatibet epgart be hobkowstilber
adhesion fixation |ayer and the upper-side adhesion

fi mahboankayés proelfiekkbhef bbeauseetbeaatfect of

pref erabl e because the effect of 5 oscillation by
Saepatidhationubvhagrphéprasedfurpbeghineheaseduct Theugh
of a | ower bundle may be a S|ngle bundl e, plural
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membranes. Figs. 2(a) to 2(d) show schematic views of

bundle structures. Bundle structures of the present

invention are shown in Fig. 2(a) to 2(c) but Fig. 2(d)
15 1is not included.

As used herein, the fact that there is
confounding represents that the positional relation
between hollow fiber membranes fixed by the lower-side
adhesion fixation layer does not always coincide with

20 the positional relation between hollow fiber membranes
fixed by the upper-side adhesion fixation layer. Or it
represents a state in which a rod-like object cannot be
moved due to the intersection between the membranes
when inserting the rod-like object befween hollow fiber

25 membranes from the outside of the cartridge on the
filtration section-side interface of the lower-side

adhesion fixation layer and then, moving the rod-like

object to the upper-side adhesion fixation layer.




bet ween hol | ow fi ber nmenbranes fixed by the | ower-side
adhesion fixation | ayer does not always coincide with
20 the positional relation between hollow fiber
menbranes fixed by the upper-side adhesion fixation
layer. Or it represents a te in which a rod-1like
obj ect cannot be noved due to the intersection

bet ween the geRPLaRESngBEA bLBSeEhNAgetNByr AdvlibkRg the
obj ect between hO||OMI? ber 25 nenbranes ¥r0n1t he

ouksitderokitiBeogakt EidgeeOBuhB2e bifl hbalb@Nfiber
section-side interface of the | ower-side adhesion
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to the upper-side adhesion fixation layer. 4 14
Coshepedi pd the bmailéaburddebgtducidreg,thrd bohldéng the
side of a single bundle of hollow fiber nenbranes

3i nbotbnmehdsbofidkbeshplitowr Edbekenpinhyanpe. sRapeexahple,
the small bundle structures, and bonding the 5 both
ends &F PREShBILEokef fBEM AehbprdAesbyrvindkagphellopt fiber
is possible to forma bundl e by w nding hollow fiber
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vi gwyag.a hol | ow fi ber menbrane cartridge fromthe

It is preferable that the shape of an
adhesion fixation layer to be adhered and fixed at the
both ends of a hollow fiber membrane (the shape when
15 viewing a hollow fiber membrane cartridge from the
upper portion or lower portion after setting the
cartridge so as to arrange the hollow fiber membranes
vertically) is any one of triangle, rectangle, and
hexagon because closet packing is realized when setting
20 plural hollow fiber membrane cartridges to an immersion
bath. Particularly, a rectangle shape is preferable
because a channel for sludge deposit to escape to the
outside of a cartridge becomes short and thereby sludge
deposit is easily discharged with respect to the same
25 number of hollow fiber membranes being used. Moreover,
also when infilling plural cartridges, it is possible

to independently set or remove any cartridge in the

horizontal direction by arranging the cartridges in




upper portion or lower portion after setting the
cartridge so as to arrange the holl ow fi ber nenbranes
vertically) is any one of triangle, rectangle, and
hexagon because cl oset packing is realized when
setting 20 plural hollow fi menbrane cartridges to
an immersion bath. Particularly, a rectangle shape is

pr ghegahke aﬁ@c@Héesét%hﬁ@nSbe§9E1§hUQgeeQ§@@§éht§?
escape to the outside of "a cartridge becones shor

andatrpeegbyusl,udge deposit is easily discharged with
respect to the sane 25 nunber of holl ow fi ber
menbr anes befngtheedasdbo€oymall blhiadlwbeofi hbilllbwngiber
plural cartridges, it is possible to independent]|y
setrenbreeasvetabhecfiitrdgbonnsebtiohesideninterface of
direction by arranging the cartridges in 15 paralle
Santiheheppertsadeopdhasion Eixatipni éayey, &hriBed out.
In the case of smal| bundl es of hollow fiber
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surfaces of the hollow fib menbr anes. Moreover, the

cartridge. As used hereln, the distance between hollow
fiber membranes is the distance between ocutermost
surfaces of the hollow fiber membranes. Moreover, the

15 number of hollow fiber membranes constituting each
small bundle preferably is 10 or more and 1000 or less
and more preferably 20 or more and 500 or less.
Accumulation of sludge aggregates and contaminants is
small between hollow fiber membranes in these ranges.

20 The distance between the nearest small bundles is 2 mm
or more and 100 mm or less, more preferably 3 mm or
more and less than 30 mm. In this range, it is
possible to increase the filling factor of a hollow
fiber membrane and filtefing water quantity with little

25 accumulation of sludge aggregates and contaminants. As
used herein, the distance between small bundles

represents the nearest distance among distances between

outermost surfaces of hollow fiber membranes included



15 nunber of hollow fiber nmenbranes constituting each
smal |l bundle preferably is 10 or nore and 1000 or | ess
and nore preferably 20 or nore and 500 or | ess.

Accunul ation of sludge aggregates and contami nants is
smal | between hol |l ow fi ber ranes in these ranges.
20 The di stance between the nearest small bundles is 2

MM n0kaRBr 8mand BQAgmMa or less, nore preferably 3 nm
or nore and less than 30 mm In this range, it is

possi bl e to TRergggeefheibhl btAagef a6t Bo1DEwaLDBELOW

fiber nmenbrane and filtering water quantity with

| i tnelmbraheacetinthat Loweofssiudgahagiongairatdof layer may
contam nants. As wused herein, the distance between

snakl abehdbée bunpgiessttractheenearmay déestdamidednbnyo

di stances between outernost surfaces of hollow fiber
Snepbraadéssiatludenddles.in each small bundle. The
aggregation state of hollow fiber nenbranes in the

| ower - si de aHRESaEher; xani snbpdimentagf pehalipwgfiber
bundl e structure qor may be divided into 5 plural snal
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constituted O bW fi'B nbrane bund
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up per-S| esion fixation section 2, and omer-3|de

adhﬁibﬁ”pﬁh%ﬁi'HBlﬁSGtEQBeE-méﬁbEQEeQOEPeGBQ§lQEté&?
upper-side adhesion fixation section 2, and lower-side
adhesion fixation section 3. In the both ends of the
bundled hollow fiber membrane bundle 1, hollow fiber
15 membranes are integrally connected by an adhesive and
integrally connected in the upper-side adhesion
fixation layer 4 and the lower-side adhesion fixation
layer 5, and are opened at the end surface 6 of the
upper~-side adhesion fixation layer and at the end
20 surface 7 of the lower-side adhesion fixation layer.
Catchment chambers 9 and 11 and catchment pipes 10 and
12 are connected to the upper and lower adhesion
fixation sections. The bubble supply section 8 is set
to the lower portion of the membrane cartridge and
25 Dbubbles by aeration move upward wﬁile oscillating
hollow fiber membranes.
To integrate the bubble supply section 8 with

the membrane cartridge, the bubble supply section 8 is



bundl ed hol |l ow fi ber nenbrane bundle 1, hollow fiber
15 nenbranes are integrally connected by an adhesive
and integrally connected in the upper-side adhesion
fixation layer 4 and the | ower-side adhesion fixation
| ayer 5, and are opened at thﬁ end surface 6 of the
upper - si de adhesi on flxatlon | ayer and at the end 20

suchagected ¢ bh%hEOW%%eé'%SrEQQESb@”tﬁbxéhheﬁmbﬁ¥65hagber
Cat chnent chanbers 1 and cat chnent pi pes

1213r asCanbont ¢4 ¥9 thg(agpermaaeobewerledhgs B8sible to
fixation sections. he bubbl e supply section is set

t oappeyl gaer tpohbilebwofibbe membranescByt Fbéfengneh2bugh-
bubbl es by aerati on nove upward while oscillating
hohbawsf I1Beconethoangs frém theéepubbiet Bapplipbkecstipnl § up
section 8 wwth the nenbrane cartridge, the bubble
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of the catchment chanber 11 as shown in Fig. %
Modewearside aﬁhpgsgnbféxabloapbayegabytpahgungmt rpugh
menbranes by form ng through- holes_ 18 continuing from
t hEbgubpWersgppeyadbesion 1§9tscvolemerfﬁ+trﬁpr@ﬁverf it
secti on- Slg i nterface % gf the | ower-side adhesion
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It is preferable that the size of through-
holes ranges from 2 to 30 mm in an equivalent diameter.
The shape of through-hole is optionally selected from a
15 polygon such as a triangle,lquadrangle, or hexagon,
circle, ellipse, sector, C-shape, or star. It is
preferable that the number of through-holes is 2 to 300
though it depends on the cross—sectional area of a
membrane cartridge or the number of fibers. It is
20 possible to set positions of the through-holes to
optional positions in the lower-side adhesion fixation
layer 5. However, it is preferable to uniformly
disperse the through-holes in order to uniformly
oscillate all hollow fiber membranes.
25 It is preferable that the skirt 19 is
protruded to é position lower than the catchment

chamber 11 and fixed to the outer periphery of a hollow

fiber membrane bundle. It is preferable that the



hol es ranges from2 to 30 nmin an equi val ent

di aneter. The shape of through-hole is optionally
selected froma 15 pol ygon such as a triangle,

quadr angl e, or hexagon, circle, ellipse, sector,
C-shape, or star. It is preﬁfrable that the nunber of
through-holes is 2 to 300 though it depends on the

Cr QSrgeC proftdudRie Froin @heMBBREedNpoibhi 8¢e tpe t he
nunber of fibers. It is 20 possible to set positions

of dahehinenaughaidlees rodgegpttironals pesSB30DOMAM HA bRger to
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pr pirevallte diesipiatdon pf daspérem the fbwergpohalies in
order to uniformy oscillate all hollow fiber
me osigds it28epends pneftbeablieet bét theemshbreng9 is
protruded to a position |ower than the catchnent
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5 mm or nore is preferable because the gas”supp
toitheslfoeartiksdpates e¢hf eRbi ¥ehisi8dstodi PEction.

t hrough-holes but it is not dissipated in the
transverse drbgchh@fiormly passing the gas spouted from
the gas jetting port 20 through plural through-holes
18, it is necessary that the gas spouted from the gas
15 jetting port 20 forms a gas pool on the skirt 19 and
gas 1s supplied from the gas pool to each through-hole.
The thickness of the gas pool is preferably 30 mm or
more, more preferably 50 mm or more. It is preferable
to determine the position of the gas jetting port 20
20 for aeration by taking into account the thickness of a
gas pool to be formed.

Though the size of a hollow fiber membrane
cartridge adhesion fixation section (the size when
viewing the hollow fibér membrane cartridge from the

25 upper portion or lower portion after setting the

cartridge so as to arrange the hollow fiber membranes

vertically) is optional, in the case of a rectangle

structure it is preferable that the aspect ratio
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For uniformy passing the gas spouted from the gas
jetting port 20 through plural through-holes 18, it
i s necessary that the gas spouted fromthe gas 15
jetting port 20 fornms a gas pool on the skirt 19 and
gas is supplied fromthe ga yool to each

t hrough-hole. The thickness of the gas pool is
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t hawoges angt BonNg BeT 1ed@.20nheh 2Beakispachy rhékbngsi nto
account the thickness of a gas pool to be forned.
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In the present invention, to prevent the rise
or twist of the lower-side adhesion fixation layer 3 at
the time of aeration, the upper-side adhesion fixation

15 1layer 4 and lower-side adhesion fixation layer 5 are
connected and fixed by any one of a rod, pipe, plate,
chain, cord, and net. The rod or pipe is particularly
preferable. It is preferable to use metal or resin as
the material to be used. Though the shape of the rod

20 or pipe is optional, it is preferable that the rod or
pipe is cylindrical. A shape having an acute-angle
corner is not very suitable becauée it causes a damage
when a hollow fiber membrane repeatedly contacts. It
is preferable to determine the thickness of the rod or

25 pipe by taking into account the strength against
deformation of the material used. Using a pipe or rod
having a high hardness for connection is preferable

because it is possible to prevent a damage when a
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10 a holl ow fi ber nenbrane cartridge ranges from 300

to 3000 mm In the present invention, to prevent the
rise or twist of the |ower-side adhesion fixation

| ayer 3 at the tine of aeration, the upper-side

adhesion fixation 15 | ayer Q% nd | ower -si de adhesi on
fixation layer 5 are connected and fixed by any one

of § [ t e des
or "SIREH, £LRE, mRuBrane TOPeRoBly, cofttdots Wi e thRCpipe
t 0 #S@ by cehthasg an@s sutrli@c@b&rtha&egenb@fuel@d _
Though the shape of the rod 20 or pipe is optional, it

i shprdahesahl e that the rod or pipe is cylindrical. A
shape having an acute-angle corner is not very

sui t abl e bec&@wgeai hotauddeameteanagea hWodhoa Habkew

fi ber nmenbrane repeatedly contacts. It is preferable

5t omgeberpengsete folni threpsesknthénvedtdarn25ipi pe ppssible
taking into account the strength agai nst deformation

of toh&sraBerryPrasedsmosifgmemprpacer ulbdathdyengon a
hi gh hardness for connection is preferable because it
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particularly
polyethylene, polypropylene, poly-4-methylpenten,
cellulose, cellulose acetate, polyvinylidene fluoride,
polyethylene-tetrafluoroethylene copolymer, and

15 polytetrafluoroethylene. Moreover, it is possible to
use a compound material thereof. Furthermore, as the
shape of a hollow fiber membrane, a membrane having an

inside diameter ranging from 50 to 3000 pm and an

inside/outside diameter ratio ranging from 0.3 to 0.8

20 1is preferably used.

As an adhesive used for the present
invention, any one of the following polymer materials
is used: epoxy resin, urethane resin, epoxy acrylate
resin, and silicon resin.

25 It is preferable that the resin hardness of
the filtration section-side interface 15 of the upper-
side adhesion fixation layer and the filtration

section—-side interface 16 of the lower-side adhesion



follow ng are cited: polysul fone, polyether sulfone,
10 polyacrylonitrile, polyimde, polyether imde,

pol yam de, pol yether keton, polyether ether keton,

pol yet hyl ene, pol ypropyl ene, poly-4-nethyl penten,

cel lul ose, cellul ose acet at pol yvi nyl i dene fl uori de,
pol yet hyl ene-tetrafl uoroet hyl'ene copol yner, and 15
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use a compound material ther Furt her nore,
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i nside dianeter ranging from50 to 3000 pm and an

I nwogdte/ andsi7de adognmekek . r atifothantbfdnkbsemi@. 30t a 8-8

20 is preferably used. As an adhesive used for the

pr eseel, itnienpbesibdeytonkeep hhehkpkl dotrng pohgnehime.

materials s used: epoxy resin, urethane resin, epoxy
Saciyfl &he heednessand $0| Acom lesbBp. i25ikt pbssible to

preferable that the resin hardness of the filtration

sesuifdpcdenélynmedezatel1s strahn gppess whes adhesiow

fixation layer and the filtration section-side .
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a fixed layer adhered to a first stage. For example,

it is possible to adjust a resin hardness of an
interface by forming an adhesion fixation layer by an
epoxy resin and then bonding a silicon resin on the

15 epoxy resin or forming an adhesion fixation layer by an
urethane resin and then bonding another urethane resin
having a low hardness on the urethane resin. As
bonding methods, publicly known methods such as
centrifugal bonding method and stationary bonding

20 method are known. To improve the shrinkage on curing
or strength of an adhesive, it is also allowed to
include a fiber-like object such as glass fiber or
carbon fiber or fine powder such as carbon black,
alumina, or silica in the above adhesive.

25 Materials of housings of the upper-side
adhesion fixation section 2 and the lower-side adhesion
fixation section 3 and the catchment chambers 9 and 11

are not particularly limited and they may be the same



* fi ber nmenbranes oscillate. It is possible to adjust a
resin hardness of an interface to a preferable range
by wusing a resin having a | ow hardness as an adhesi ve
and 10 noreover bonding such a resin having a | ow
hardness on a fixed |ayer aghered to a first stage..
For exanple, it is possible to adjust a resin
hapgngsgrefrea . | RbGELBEe RrekRbPIAgran 2dbesi op
fixation |layer by an epoxy resin and then bondlng a
si lsitadnleesi Bteelt he pregpexlplieaksador formng an
adhesion fixation | ayer by an urethane resin and then
bondi ng anot iar theeplkasenteshmenhdvhpgaa khwvwhaidness
on the urethane resin. As bondi ng nmethods, publicly
knewampgesods Eigh.ad (atenor Ailayal thendrngngetkod afd
stationary bonding 20 nethod are known. To inprove the
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used the present invention, as s n exa
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bundl es of hollo i ber nenbranes on the

possible that the shape of a small bundle is not

circular or sizes of small bundles are not equal.

[Examples]

15 Examples of the presenf invention are
described below. However, the present invention is not
restricted to the examples.

Example 1
Two cylindrical pipes 21 having a diameter of

20 1 cm and a length of 80 cm shown in Fig. 5(a) were
arranged in parallel by keeping a distance of 2 m from
each other to form a winding cassette and wound hollow
fiber membranes 22. The pipes 21 were wound by
rotating them at 1,650 times while adjusting a winding

25 position so that hollow fiber membranes became small
bundles at the one pipe side and became a single bundle

at the other pipe side. As shown in Fig. 5(b),




filtration section-side interface of an upper-side

. adhesion fixation layer, irregularity is allowed as
shown in Fig. 4(a) but it is preferable to linearly
arrange the small bundl es at equal intervals as shown
10 in Fig. 4(b). Moreover, 3§33homn in Fig. 4(c), the
smal |l bundles may be divided into plural rows. It is
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circular or sizes of small bundles are not equal .
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Wi waintg ickgss ende cand owodadghokckaws bebweenehbldows fiker
The pipes 21 were wound by rotating themat 1,650

t i AEFbXRINES -adj usting a mﬁnding 25 position so that

hol | ow fi ber nmenbranes_becane small bundl es at the

one plpe S|d@agﬁdogeGXQén§r§FﬁélElﬁﬁﬁdﬁé the Pre&hoeres on
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1051 deeWhiagla Q%%ﬁﬂe2hhQmﬂagebypgﬁk§bﬁEKRBSbh%nc. "SA-6330

type”; hardness after curing: 98A) serving as an
adhesion fixation layer in the ABS-~resin housing 23.
Thereafter, urethane resin 25 (made by SANYUREKKUSU
Inc., "SA-6330 type"; hardness after curing: 56A) was

15 fixed on the interface between bonding portion and
nonbonding portion of hollow fiber membranes through
stationary bonding.

A measuring method of resin hardness

conformed to JIS K6253. Along the cutting direction 26

20 shown in Fig. 5(c)}, a housing, a urethane resin, and a
cylindrical pipe were cut. The state of one of the cut
cylindrical pipe was the end face shown in Fig. 5{d)
and the other one of the cut cylindrical pipe was the
state shown in Fig. 5(e). A catchment chamber and a

25 catchment pipe were connected to each of the cut
surfaces while keeping the hollow fiber membranes open.

It is possible to use any connection method as long as

connection is liquid-tightly made.




5 cartridge and confoundi ng occurs between hol | ow
fiber nmenbranes. Each of cylindrical pipes at the
both ends on which hollow fiber menbranes were wound
was stationary- bonded in a housing 23 nmade of ABS
resin by using a 10 uret hanebt4re3| n 24 (made by
SANYUREKKUSU | nc. " SA-6330 ype"; hardness after

curing: 98A) pSEbYiBG #3peR meABeshenuhExat Feachéiéef in
the ABS-resin housing 23. Thereafter, urethane resin

25f&ﬁ&é@1h? RAMYYREKKKSHe biCpoly 56n§$§@eh¥pﬁiuor1de and
hardness after curing: 56A) was 15 fixed on the

i nhawﬁageabemme:nhbmadumgmpoét:l of and wapnbandiag
portion of hollow fiber menbranes through stationary
boddamgteA nfasbpubglnébhma, o&ndeinaitdar dhemeter of 0.7
confornmed to JI'S K6253. Along the cutting direction 26
S20mzhend EheFmgmbsgpp, agehoasi hhe mewbeehenearbsidge was
and a gylindrical pipe were cut. The state of one of
t hé3clit- oyl smakl Rungl e evamsterred iy fhk® hallew | filber
and the other one of ;the cut cylindrical
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101 Rarsbolhawn bigkgehoans ygs a precise filtering

nbr ane e of “pol'yvinylidene fluoride and
In the connection of two pipes of the winding

cassette, an upper-side adhesion fixation section and a
lower-side adhesion fixation section were connected and
fixed by using two pipes each one of which was obtained

15 by covering a pipe made of SUS304 and having an outside
diameter of 13 mm with a vinylidene chloride film.

An aeration bubble supply section was set to

‘a position 5 cm lower than the lower-~side adhesion
fixation layer.

20 A hollow fiber membrane cartridge produced
thereby was immersed in an activated sludge tank having
a volume of 8 m®’, and the catchment chamber of the upper
adhesion fixation layer and a filtrate pipe were
connected, and fixed to the activated sludge tank.

25 Suction filtration was conducted using a
suction pump so that a membrane-~filtration flow rate is

0.6 m’/membrane area m’/day while aerating air of 10

Nm’/hr from the aeration bubble supply section to the
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having a small hole dianeter of 0.1 m outside

di aneter of about 1.25 mm and inside dianmeter of 0.7
5 mm and the nmenbrane area of the nenbrane cartridge
was 25 n2. A small bundle was fornmed by 110 hol | ow

fi ber nenbranes per bundle the filtration

section side interface of t'he upper adhesion fixation

b%ﬁl%&dgﬁ%ers%%hbr%%%dh%% gqhgepre%ggtdl}%grghﬁggqce

betmeen 10 nearest sma bun

COoRRRGhRR %@tb@@nph%ﬁ%r@he%h%nW%BQEn%as%aiﬁﬁbb@ pRween
upper - si de adhesion fixation section and a |ower-side

adhesi end 2@t kpa sedt Was WeableOompectadeanfonthsed ke
using two pi pes each one of which was obtained 15 by

covencegtaagipa MLSS dh SHE3@4tandtkdviengdae edhki de the

dianmeter of 13 mMmmwi th a vinylidene chloride film An
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5 cmlower than the | ower-side adhesion fixation
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thereby was imersed in an activated sl udge tank
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adhesion fixation |ayer _and a filtrate pipe

me gr ggﬁné@?éﬂatﬁﬁdofl?SHlFBt?HeSéEPH§ated sludge
tank. 25 S fil t d
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erentla
was small. Weights of the cartridge before and after

operation were measured for wet hollow fiber membranes
and the weight difference was defined as the weight of

15 sludge fouling or contaminants.

Example 2

Two cylindrical pipes 21 having a diameter of
1 cm and a length of 80 cm shown in Fig. 5(a) were
arranged in parallel by keeping a distance of 1.4 m
20 from each other to form a winding cassette and wound
hollow fiber membranes 22. The winding method, the
bonding and fixing method by urethane resin and the
cutting method were conducted in the same manner as in
Example 1.
25 Open were end surfaces of the hollow fiber
membranes at the side where small bundles of the hollow

fiber membranes were constituted, while close were the



pressure between nenbranes in this case ranged between
-15 and -20 kPa and was stable for three nonths. The
concentration MLSS in the activated sludge tank in the
5 eval uation period was 10000 ng/1 on average and the
aver age tenperature was 25C2éjty sewage wat er havi ng
an average BOD of 150 ng/l and SS of 160 ng/l was used
fobpble ceaunyasarrabedChir/8hednshudger 102 NERBRENAL ot
f oul ed to the

the sludge fouling or 10 contam nants attac

cathel dggealvhereOpREabhANsuVEEcBs8dckd BAFibH YASide the
found that the attached quantity was snmall. Wi ghts

of urbehanet redgr. befotatanflentt ehambger ahion WEBtEhment
measured for wet hollow fiber nenbranes and the

wepgbe deftecennectad deliyned abBet 8pdwsigbicet oiSthe
sludge fouling or contam nants. Exanple 2 Two
Scyhphdpwclibprpesmiiahesi ay thdi aidéewhefe &maid abdndles
| ength of 80 cm shown in Fig. 5(a) were arranged in
panIFbﬁ holkewpfiben wenbnasesoverescongditubedeachhe
other to forma w nding cassette and wound hollow

fi BetlpEnbianesmenbrangs Wase nghees#ae, 25 hehopendsad in
ang_fixin thod by urethane resin and the cutting
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20

25

filtration section-side interface of the upper adhesion
fixation layer and 30 small bundles were present. The
distance between nearest small bundles was 5 mm.

In the connection of two pipes of the winding
cassette, an upper-side adhesion fixation section and a
lower-side adhesion fixation section were connected and
fixed by using two pipes each one of which was covering
a pipe made of SUS304 and having an outside diameter of
13 mm with a vinylidene chloride film.

An aeration bubble supply section was set to
a position 5 cm lower than the lower-side adhesion
fixation layer.

A hollow fiber membrane cartridge produced
theieby was immersed in an activated sludge tank having
a volume of 8 m®’, and the catchment chamber of the upper
adhesion fixation layer and a filtrate pipe were
connected, and fixed to the activated sludge tank.

Suction filtration was conducted using a



d oppsite end surfaces of the hollow fiber nenbranes at
the side where the end surfaces were buried inside the
uret hane resin. A catchment chanber and a cat chnent
pi pe were connected only to the end surfaces of the 5
hol | ow fi ber nenbranes at thf,Side where smal |l bundl es
of the hollow fiber nenbranes were constituted. The

holdw ifdnb @umipe 6y 2AQE Wehembhansa T8 183a4Hese fU8ed rdate is
Exanpl e 1. The nenbrane area of the hollow fiber

memhreand /nenbrafgea nes /. dayivh iA & e ba thiuifll g mass 1
formed by 110 hol | ow fi ber nenbranes per bundle at a

fi N’ Ahir ofirsmcthenastatei ontieublale shpphe sepeton to the
adhesion fixation layer and 30 snmall bundl es were

pr é&sddow Theerdmstmbmesebebmtendgear eShesdilfifelrendliad

was 5 mm |In the connection of two pipes of the

i pdesgures besysent membranppeinstidsaghssi vangedabetween
section and a | ower-side adhesion fixation section

verd oc dAfecefd kBadand ¥ag BYabienorwshpegemonshs - ondhe
of whi ch was  covering e made of SUS304 and
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to the activated sludge tank. Suction filtration was

conduct ed usirRg ®eight of the sludge fouling or
contaminants attached to the cartridge after operation
was determined in the same manner as in Example 1. As

15 a result, the weight was 0.65 kg and it was found that

the attached guantity was small.

Example 3
The heollow fiber membranes, the number
thereof and the housing which are the same as those of
20 Example 1 were used and all hollow fiber membranes were
collected to cne bundle and they are entwined to a
state in which there was confounding between hollow
fiber membranes. Thereafter, the hollow fiber
membranes at one end were divided into the bundles
25 shown in Fig. 4(b) and the other end was divided as
shown in Fig. 4(c). Under this state, stationary

bonding was carried out together with the catchment




27 suction punp so that a nenbrane-filtration flow
rate is 0.6 nB/ nenbrane area nR/day while aerating
air of 10 NnB/hr fromthe aeration bubble supply
section to the hollow fiber nenbrane cartridge. The
differential 5 pressure bet n menbranes in this case
ranged between -15 and -20 a and was stable for

thkﬁ%mﬁ%&th%heTQ%tcE%%%%nbﬁﬁb'oanML§§e'ﬂohggngchb&?bEQhe

sl udge tank in the evaluation peri od was

on sawe' ageiandst R@ataveeadent eFRApakULE waﬁeZ%Gnthbywas
sewage water having 10 an average BOD of 150 ng/l and

SS cohdhieh ey idh iW@s keeedngl Bothhendawofathe 8bllow fiber
activated sludge. The wei ght of the sludge fouling or
comeabiraaess ogenach&tiet probedaaet afdge ahher wapecatiraad
was determined in the sane manner as in Exanple 1. As

S1508tr edmidariye tweEghmphas10. 65 kg and it was found

that the attached quantity was small. Exanple 3 The
hol | ow fi ber AfeAbraAEdt PEeCANRBERT ohtr 6be sawet he
housi ng whi ch are the sanme _as those of 20 Exanple 1
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hown I'n er t at I onary
boaakeglaag sﬁﬁékeepeustiese&ssrowhéhkghsnaaiehwsgtfound

that the attached quantity is small.

Comparative Example 1

Evaluation was made by an activated sludge

15 tank in the same filtration conditions as the case of

20

25

the Example 1 except that the arrangement of hollow
fiber membranes on the filtration section-side
interface of the upper-side adhesion fixation layer was
not divided into small bundles but it was formed intoc a
single bundle structure.

In this case, the differential pressure
between membranes suddenly rises for 14 days, reached
up to -80 kPa, and pump suction becomes impossible.

Similarly to the case of Example 1, the
concentration MLSS in the activated sludge tank in the
evaluation period was 10000 mg/l on average and the

average temperature was 25°C. City sewage water having




‘ 28 chanber, the catchnent pipe, and the housing using

- the sanme resin as that used in Exanple 1. The bondi ng
was conducted whil e keeping both ends of the holl ow
fi ber nmenbranes open. The procedure after that was
carried 5 out simlarly to gxanple 1. As a result of
carrying out the sane evaluation as the case of
Exardraige HOTE of fIf5@r @i/i1alandPises T4 @ e mi98Nwas used for
menbranes ranged from-15 and -21 kPa and it was
st altlee daor wiatiege ofoaichd valere@lekget.ne 10 sl udge
fouling or contam nants attached to the «cartridge
af t er oper at iThie wadght78fkglardei tfowddnhourd cohltaininhats
attached quantity is small. Conparative Exanple 1
Ev&tiached wes tined cayy radgac tiftetredpsiradden ¥ast ankd kg
the same filtration conditions as the case of the
Ex @B dt1 wasc &pundhihathshgr fanddnanwedphtioWhswextirbaely
menbranes on the filtration section-side interface of
t h&3&8Fer - si de adhesion fixation |ayer was not
di vided into-small bundles but it was fornmed into a
20 single bundle structure. In this case, the

di pressure _between nenbranes suddenly
rlgés %Q%%%Xe gxg%pggaghed up to -80 kPa, and punp

suction becoEggiggggéﬁ'Q & §ag‘hgséx F%EStg 81 ﬁége

Exanmple 1 concen R ac i va
Sl udag Eanknensbhe fgxekae&banceﬁaaeﬁoﬁ@saéoggg &gkt of
on average and t average tenperature was ' ty

IOSGWQQGEWﬁhgﬂehQVéHEept that the arrangement of hollow
fiber membranes on the filtration section-side
interface of the upper-side adhesion fixation layer was
not divided into small bundles but it was formed into a
single bundle structure.

15 In this case, the differential pressure
between membranes suddenly rises for 12 days, reached
up to -80 kPa, and pump suction becomes impossible.

Similarly to the case of Example 2, the
concentration MLSS in the activated sludge tank in the

20 evaluation period was 10000 mg/l on average and the
average temperature was 25°C. City sewage water having
average BOD of 150 mg/l and SS of 160 mg/l was used for
the raw water of activated sludge.

The weight of sludge fouling or contaminants

25 attached to the cartridge after operation was 5.7 kg

and it was found that the fouling weight was extremely

large.
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L 29 average BOD of 150 ng/1 and SS of 160 ny/1 was,
used for the raw water of activated sludge. The .

wei ght of sludge fouling or contam nants attached to
the cartridge after operation was 6.4 kg 5 and it was
found that the fouling weighizwas extremely |arge.
Conparative Exanple 2 Eval uation was nade by an
activated sludge tank in the sane filtration
conditions as the case of 10 the Exanple 2 except

t haw ouse rRanr A pgeraEaianaf, el | ow fi ber nenbranes on the
filtration section-side interface of the upper-side
adhesi on fi x&hieoholayer fider meinbeiviededrricitagensl! the
bundl es but it was formed into a single bundle

st Presens. itvehtiohi canabe, predednbier eskedalinprasstield
bet ween nmenbranes suddenly rises for 12 days, reached
up afomegbripg, fidgrpidpensudni parbécodss fopossisbbeion-
Simlarly to the case of Exanple 2, the concentration
M §3Pen tepk fdditvatdensdgydeet arkapninpersion-type
ev%Li tion perjiod was 10000 ng/1 on average and the
aver géaFé eF8VEFE-was 25C. Gty sewage water having
average BOD of 150 ng/1 and SS of 160 ny/1 was used
for the raw water of activated sludge. The wei ght of
sludge fouling or contam nants 25 attached to the
cartridge after operation was 5.7 kg and it was found
that the fouling weight was extrenely
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large. 30 | NDUSTRIAL APPLI CABILITY The hollow fi ber
menbrane cartridge of the present invention can be
preferably used in the field of nenbrane filtration,

in particular for a suction 5 type tank filtration
device or an inmersion-type sfiltration device. k 31
CLAIMS 1. A hollow fiber nenbrane cartridge o
conprising a hollow fibercngmagane bundl e consisting

of plural hollow fiber menmbranes and arranged in
vertical di redidldow Ifider mMeaisiamn ket e ¥y iQing
fixation layers for adhering and fixing the hollow

f i rerholnevb rfziiee b medlber sate tthmdiet eeerdsst ing W ¢Luha
shape of the adhesion fixation layers is selected

f r dpliliee fridgr mepdgiaseisn@ref aardamigeaylie, veadtiangl e,

and _hexagon and the hollow portions of the holl ow

fi BEE SR HINaids agpdmmets losn dta tihhe aodd aghemion fixation

upper - si de. adhesion fixation |ayer, and the holl ow
flo Yergniiredherdrng ead rilalmgt ahe boldiowr £ibemal |

?Eﬁr%'er%%@%% RHEAY et GHe POtk PO ajer uhachTRBeshRBR Of

|35 SR, LU 3SR p 8t Bk rne o

ad@%h%&@tﬁﬂ% kabngrﬁﬁﬁgﬁgh'%@b@%%%ﬁe, and hexagon and
the hollow portions of the hollow fiber membranes open
at least the end of an upper-side adhesion fixation
layer, and the hollow fiber membrane bundle is in a
state of plural small bundles on the filtration
section-side interface of the upper-side adhesion
fixation layer.
2. The hollow fiber membrane cartridge according
to claim 1, wherein the shape of the adhesion fixation
layers for adhering and fixing the hollow fiber
membrane bundle at the both ends is rectangular, and
the hollow fiber membrane bundle is divided into plural
small bundles between the lower-side adhesion fixation
layer and the upper-side adhesion fixation layer.
3. The hollow fiber membrane cartridge according
to claim 1, wherein in fhe plural small bundles of
hollow fiber membranes on the filtration section-side
interface of the upper~side adhesion fixation layer,
the distance between the nearest hollow fiber membranes

is less than 2 mm in each small bundle, and the number
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menbr ane bundl e at the both ends is rectangul ar, and
the holl ow fi ber nmenbrane bundle is divided into
plural snmall bundl es between the | ower-side adhesion
fixation Ilayer and the upper-side adhesion fixation
| ayer. 3. The hol |l ow fi ber g$nbrane cartridge
according to claiml1, wheren in the plural snal

e 1w m}éf%e;nlb%ne@ r@ﬁ%ﬂx‘f&‘%afd%téhﬁtlilon

b
section-side ntertace of the upper-side adhesion

fixald 1D 1898 or iR a4 hafearsidistance

hol ' ow fi ber nmenbranes 1Is less than 2 nmin each
spddwddide dith-ddte shymebuidledf iwld e fdrbefore and
menbranes constituting each small bundle is 10 or

noreD gl ckOQ@sy. | ess, and the di stance between the
nearest small bundles is 2 mMmor nore and 100 nmm or

| ebs. 4. TherhelHadidw bdbere memdores nea rda tdgied grec earatinag-ng
to claim1, in which the upper-side and | ower-side
adiesilain i atirowHigherthe nppete sidegind lower-side
respectively, and the hardness (nmeasured in .
acxBrefsinge %ﬁ:{ahtinrs laggass)instludee  afisitat qafpectively,
filtration section-side interface(s), of either Qr
b dihe HRLdnfss oRSasERS A" 136RS a}‘%cezd‘%?’brj Tfore

an19629503)Aoog t'!heessr'esin at the filtration section-side

interface (s} of either or both of the adhesion fixation

layers is 20 A or more and 90 A or less.



