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1 DESCRI PTI ON HOLLOW FI BER MEMBRANE CARTRI DGE

TECHNI CAL FI ELD The present invention
relates to an i mersion type nenbrane cartridge using
a hollow fiber nmenbrane set 1o a suction type tank
filter device or an 5 imersion type filter device.
More m nutely, the presgrdckarnverdny on relates to a

hol | ow fi ber nenbrane cartridge used for a filter

devi ce that reoDves FIBLR MEMBRANE GRRTRIEGH rom raw
wat er such as river water, |ake water, underground

wat er, seawater, 10 donmestic |liquid waste, industria
liquid waste, or sewage secondary treated water,

menbr ane separation activated sl udge device for
carrying out solid-liquid separation of activated

s| GHdgeNbyAR hehbPane, or separation of val uable

obj ects and non-val uabl e 15 objects. BACKGROUND ART .
As a waste WRRRrP¥eeem et veRtHOY, re bl i AheHlrehEon

Peparation act) vaied oludue, 1ot hod, O 08 nonpane
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cartridge used for a filter device that removes
turbidity and bacteria from raw water such as river
water, lake water, underground water, seawater,
domestic liquid waste, industrial liquid waste, or
sewage secondary treated water, membrane separation
activated sludge device for carrying out solid-liquid
separation of activated sludge by a membrane, or
separation of valuable objects and non-valuable

objects.

BACKGROUND ART

As a waste water treatment method, there is a
membrane separation activated sludge method comprisingb
immersing a membrane cartridge in an activated sludge
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)



ng/1 for a filtering process. This advantageously
allows the capacity of the activated sludge vessel to
be reduced or enables a reaction tine in the activated
5 sl udge vessel to be shortepged. Further, the
filtration with the nenbrane prevents suspended sol i ds

(S®x fbreor@etae'aragamv%@ hatQe wggm},@ €5, 0bBYSo 20,000

eI|n1nat|ng the need for fina Penf at i on t ank.
Thirgy /mekes it fRASSIKRLE bgoaaggce ‘i‘H?sCQH%BHSbéQGs@{/ea

of the 10 treatnment facility and to achieve filtration

r egandwesshef capatcher orf 8ak aetivated shludge ¥8ssel to

appropriately sedinented. This nmethod thus has

adventregescsuoh asableeddckeadtiont bemkoad ohe activated

acti vated sl udge managi ng operation. Therefore, in

o ecémdapgeaesseftheonbrbshnet ébedepaFattbaractheafetitration

sl udge nethod has prevailed rapidly. | f

hoMigW ftheemempibnanpseuertasedspendedesabitis an®s) from

cartridge, the high strength of the nenbrane itself

hi RgéPy PREcduinhpetsrathe WRRBF anths opd beingtug the

damaged as result of contact w th contam nants
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whi | e excl udi ng aggregates of activated sludge as wel

asre@utambAanhstheOMb&AES T ANEVRY £ e ACSVRIG At hdda d T d he
gap between the holl ow fi ber nenbranes. As a result,

fi bpeabtoonef f Théeatyré pweti Sretdnts péabs o {hétmémbﬁﬁhe

is 5 prevented from bei ng maintai ned over a | ong
15pesepdration activat@invendgenmedtlyod thves fofdvmi hed

nmet hod i s used to avoid accunul ati ng sl udge or the

| i kePdAlyhe surfaces of hollow fiber menbranes or

bet ween the hol |l ow fi ber nenbranes. That is, aeration

by air or olth@OHw FEopRrRIrENes AT e HeSedvkgr the

portion of a nenbrane cartrjdge, and activated sl udg

agfiregLeee a‘ﬁ%lrEBh‘f‘%‘?n et SHFBUHHECIT O ¢ eI
S o6 ke, L QUL bere Pt s, 0L bELUEED L
20th&aﬂgaéélgélgnrgééfgtof 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
25 such as treated water in a direction opposite to that
of filtration to remove fouling to the membrane

surface. 1In this case, however, effective membrane

area may decrease unless filtration is carried out



15 of a nmenbrane and agitation effect by novenent of
bubbl ers upward and thereby, accumulation of themis
prevented. For exanple, a lower ring (or also referred
to as skirt) is set to the Iower portion of a holl ow
fi ber menbrane cartridge and a plurality of through-

20 Aok escareuhOhedg9Pegat O¥RE £ I h P 04 ey a8heSEOs well
fixation layer to forman air pool in the end of the

| owar chhRgmPheht Ydedohr onet Rgw | waes r rd dgalyl &1 ed | DN the
fromthe | ower portion of the cartridge. Thus, bubbles
ar gapnbkewsty greecraledwf fopet heeqibtumdsty o a result,
t hrough- hol es 25 and hol | ow fi ber nmenbranes are
osciillkatedosoefiitiansuspewnees, netes | st aldepoSittechtoion is
the outer surfaces of the nenbranes are easily

5r eppeEdntéfofrexanpieg meirtaimedarest Dobumeripeniod. 4
According to this method, when filtering '

hi gh- concent Farvent MSslEvichte fhkl @akeg glethed is used
menbr ane separati on activated sludge nethod, there is
antef pEeLdf eECHBWH T Hd t kU9 %ideye Wefe Ot IOV fi ber
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Moreover, the hollow fi ber nmenbrane at

neaphyahbgaREESEOght XBEbRNrdRYREt dWaSord Si@ldurface of a
oscillation anplitude and therefore, it is inpossible

15hb016wuf fiséenhéyb ren®ver fioetwagn o dwef shsf anenwfanes
the nmenbrane, and there is a problemthat the surface
of aae hoéhovedi beracsordaggedvbet ause staidgemtson effect
accunul ated between nenbranes. [Patent Docunent 1]
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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-

20 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

25 and hollow fiber membranes are oscillated so that a
suspended material deposited on the outer surfaces of

the membranes are easily removed. (For example, refer

to Patent Document 1).




[Problens to Be Sol ved by the Invention]

It is an object of the present invention to provide a
hol | ow fi ber nmenbrane cartridge for preventing
accumrul ati on of sl udge aggregate and 25 contam nants
on the hollow fiber menbrane’cartridge at a necessary

ﬁininunlanDu%%C%&da%ga?BOQgg deQ%BEQ %héhﬁ%&gterggg

filtering performanc or ong time. ans

SolMitg- R Rkeh MLSs such asAehd basHl brothe

devoting thenselves to study, the present inventor et

al mdirenicobrshalrat oby adsh Re tkhe sflakhyewnBenstl UEhHER is
for a hollow fiber nenbrane 5 cartridge, a

sl wige-fffewt Terdireabaigg thdt elusigbobBedeandhsludgeriber
aggregates and contam nants are discharged to the
Soutsimiberaofe blhediesbianaccartinhdgewnthhout agdtuaulahi ng
bet ween hol | ow fi ber menbranes of the nenbrane
cartfrfiedge bandelravé oooapletbd pheiplesénnh &0fentvenfi an.
That is, the present invention is described bel ow
( 1 embanieow Hioheverendr Aaeceakpri dgésévgparsivgtad
hol I.ow fi ber nmenbrane bundl e consisting of plural 15
hoFﬁGﬁgﬁiB@BrﬁéﬁﬁﬁaﬁésCﬁﬁaaﬂﬂpéﬁﬁédapﬁsng?iEalascent of
direction in an i mersio gath; and adhesion, fi xation
| afEPLLRS, AaMer PRGVARAS P RQIPREShOP) BWPPRbBLON neaTby
rane, bundl e .at _the both ends, .ipn which the shape
1 e SR n R kahePBn P agar sahg' BRPUcEBn PronraRoly
9r ¥dBoved to the outside of the 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 performance for a long time.




20 consisting of a triangle, rectangle, and hexagon
and the hollow portions of the hollow fiber nenbranes
open at at |east the end of an upper-side adhesion
fixation layer, and the hol l.ow fi ber nmenbrane bundl e
isin a state of plural small bundles on the

Fi ik ahEopo 255 SEELAONcisd derdiiitgif ace of the upper-side
adhesion fixation layer. (2) The hollow fiber
menbrane carisiglgee seserdpeteidat the ahave ldeamyd)study,
wherein the shape of the 6 adhesion fixation |ayers

f othadpessagr antlvéntxbnget hel hatdww folred trenbrianeising
bundl e at the both ends is sel ected from
t hehgr boplowitsg sttt ngctofra for andlel 1ovectidred enerdnhne
hexagon, and the hollow fiber 5 nenbrane bundle is

5di vadedidge o »l shadgsnidul undliecipetaearrutre 1s formed
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| ower - si de adhesion fixation [ayer and the upper-side
adfedi shudgx g oredalry . and) T Holn s § i b apEed

cartridge described in the above Item (1), wherein in
t hBopFie aPulstidi¢ ab %dﬁ‘eé%bl?ﬁn%dﬁlawlfq%rw%éffﬁ%tanes
on the f%ltration section-side_jinterface of the

UpPEFYBE tR™ HUh T BT At O IR, tHE TR At he

b h hol fib [
AR ERY | G EEERSatS Bl SR e i

ho | ber menbranes constituting 15 each snal
bu%%?%ﬁ%£g§0 or nore and 1000 or less, and the

di stance between {he nearesdssi@linRNH &S 18 dedBR Wed
nmore and 100 mm or 1 ess.

below.

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



(4) The hol Il ow fi ber nmenbrane cartridge described in
the above Item (1), in which the upper-side and 20

| ower - si de adhesion fixation.layers include a resin,
respectively, and the hardness (neasured in accordance
with JI'S 1(6253) of the resinfat the filtration

caredie oh BB SHATERL St < et i dBertha Rhd BhplG he
leS§olfg§[§qg§fgﬁaﬁ%ﬁ$g§.%ngfé!%f]t?e both ePdsTE%
pOsSSi bl'e”™to p S| udge

present | nventi

es | reven

from accumul at i é%héé“%f%%f@ﬁg %?gghgghgfgtkng{gf a

menbrane and realize a fi

tering rmance sta
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Fig. 1 is a cross sectional illustration show ng an
Erheshiikitie Gured ol 1 Hva £+ 0@ d nBibs apEu £l t §h&dDE Biinkihes
present invention; 5Figs. 2(a) to 2(c) are schematic

di dgrtareeroftHrundivestgidd wdseofom finkdovohii b&yer and the
menbrane cartridge of the present invention and Fig.
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menbrane cartridge not included in the present
inﬁéﬁtion; The hollow fiber membrane cartridge described

in the above Item (1), wherein in the 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 of hollow fiber membranes constituting
each small bundle is 10 or more and 1000 or less, and
the distance between 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,
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]

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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10Figs. 3(a) and 3(b) are cross sectiona

illustrations show ng an enbodi nent of a hollow fiber
menbrane cartridge of the present invention,
respectively, in which Fig. 3(a) shows an exanple in
whi ch a bubbl e supply section is connected with a 15
menbrane cartridge and Fig. 3(b) shows an exanple in
whi ch the bubbl e supply section is separated fromthe
nmeBBiaReDEAERIPAEON OF THE DRAWINGgS. 4(a), 4(b), and
4(c) are schematic diagranms show ng an enbodi nent of a
hol | ow fi ber F20. nénbsadecarsangenentnah thbusttdtadnon
section-side interface of an %gfer-side adhesi on

fi )?QPWéﬂgI%?e?mBPdamﬁ@FI@ﬁv #i bekloenbiese nemranige of
the pres I nvention, respectively; and Fig. 5(a) is
a §EEEﬁﬁ 78 of afRanPERSR gl AVt Holl ow fi ber menbr ane
di tt 1. Fi 5(b) is a_.

schermti o di S6Fam SHbl 15 5(Ghri¥4 dya I it chi 2SR 1oF
b tr eisf hangi n ndi n

o PIRELE Pt ERE Beth ofd e b s P G r@m%%'gcagrmdge
i 85 PAE)piSsSfeIBEL e SRR SHPM NGy | NS RARL LODY o
rel ation between the casset e an S|ng

custiRec @RS & op pélmwp@ér Shlo Lo A4 d‘?%;g Felse

| ayer. 5( is a schematic ram

shoué Ngdea mwsmt hﬁHélW.lfdrber menbrane bundl e
arrangenent on the interface of an upper-side adhesion

fixation 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



10 |l ayer exposed due to cutting. And, Fig.
5(e) is a schematic diagram show ng an enbodi nent of
hol | ow fi ber bundl e arrangenent on the interface of a
| ower - si de adhesion fixationgl ayer exposed due to
cutting. 15 [Description of reference nunerals] 1:

Hol b yveHaaeim greviiicangy pundhe s2.atUpper vsicde cadBegiofne
fixation section 3: Lower-side adhesion fixation

sectimh of wippEmasi de adhesi on fixation |ayer 20 5:
Lower - si de adhesion fixation layer 6: End surface of
upper - si de adHasi drichi Xat ischehayer diaBmdmsshbatrgothe

| ower - si de adhesion fixation |ayer 8: Bubble supply
poReg tippalcyediaiden besiben 2beloassetteatvtnenhousing

f?i%%d the cutting position of an upper-side adhesion
fixation layer.

Fig. 5(d) is a schematic diagram showing an
embodiment of hollow fiber membrane bundle arrangement
on the interface of an upper-side adhesion fixation

10 layer 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.

15 [Description of reference numerals]

1: Hollow fiber membrane bundle

2: Upper-side adhesion fixation section

3: Lower-side adhesion fixation section

4: Upper-side adhesion fixation layer

20 5: Lower-side adhesion fixation layer

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

9, 11: Catchment chamber

25 10, 12: Catchment pipe

13: Side stem

14: Filtration section




13: Side stem 14: Filtration section 9 15:
Filtration section-side interface of upper-side
adhesion fixation layer 16: Filtration section-side
interface of | ower-side adhe§ion fixation layer 5 17:
Smal | bundl e 18: Through-hole 19: Skirt 20: Gas
jettsi:ngiperhc2dn Wendipg-piRE 1Qc22fakll bW hhderside
menbrane 23: Housi ng 24: Urethane resin
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adhesion fixation layer
16: Filtration section-side interface of lower-side
adhesion fixation layer
17: Small bundle

18: Through-hole

19: Skirt

20: Gas jetting port

21: Winding pipe

22: Hollow fiber membrane
23: Housing

24: Urethane resin

25: Urethane resin

26: Cut surface

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
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 hollow fiber membrane
bundle 1, and the hollow fiber membranes are fixed by
an upper-side adhesion fixation layer 4 and a lower-—
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



25: Urethane resin 26: Cut surface 15 BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON Fig. 1 shows an
exanple for illustrating the structure of a holl ow
fiber menbrane cartridge of jhe present invention. The
hol | ow fi ber menbrane cartridge has a hol |l ow fi ber

mentyang, bundl &k cons sting g@lfe r2Q i RleU @ R0 \f’i&l‘:\@?%n

menbranes and a upper-si de adhesi on fixation section

and, s8yd ove Mcxied @ radResiar fiisxat iseRuseeirkoR ndwat chhehe
both ends of the hollow fiber nenbrane bundle 1, and

t hendialdwo Wt ifddre mefidrianare spahe ohilyed tby hancuppeursade 6
adhesion fixation layer 4 and a | ower- 25 side
adhesitre fuppatd-eideagehesiohh€ikkaltliow flelper menbdanest
open at the end surface 6 of the upper-side adhesion

¥ i xatdromt aper eandd stilrépceny opfether lomprastdat adh@stihe
end surface 7 of the |ower-side adhesion fixation

| ayfdrza e Lawefrer Risicauise gushr acstiracitpraheshbipe a
hol | ow fi ber menbranes open only at the end surface 6
of %QW?ﬁﬂﬁige-§@&€hﬁ&ﬁ§sPgﬁmpﬁfaﬁﬁoweﬂéyéﬁ 8Rd2BE1A6RLS
open at .the end surface 7 of the | ower-side adhesion
f'f%FP&ﬁtWé§8rgeb88é5§8dsuch a structure enables a

| over-o1 e 3L SUIRAL SURTO cRR. 8 Lo B Ll LALKe o
]iﬁkayﬁRQJQEJQHEQQ membranes may be integrated or may not
with a membrane cartridge. When the membranes are not
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 upper 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



10 to hollow fi ber nmenbranes may be integrated or may
not with a nmenbrane cartridge. Wen the nenbranes are
not integrated with the cartridge, it is preferable to
set the port 8 to a position,to which aeration is
applied to a nmenbrane bundl € under the nenbrane

Ca%%%%gg%edl§owgBQOMSFermﬁﬁﬁ § B POLln8sisni Al gt abrd

with the cartri

ge, It is possible to jet vapor from

anpRircttibght pipe or jet vapor froman air pool after
supplying the vapor into a skirt-1like space and

forming the ahe pppkr WhenlbherpadheB8ibs Eihkegiahedayers
with the cartridge, 20 through-holes for bubbles

suppki ednheemetiheyl aweidposténnlBo e3vapeliowt hegbapper
portion are formed on the | ower-side adhesion fixation

5 apemb%anes, a portiofi gotlishbwdednipxadgpeeipn fkehion
the end surfaces of an adhesion fixation |ayer open at
boflayele 25 tppeboshdendadishdeféoned 3pda 6L LlRERFERN
fiber menbranes and a bubbl e supply _port for carr Lng
outestiani é4-i &8 RErLiptedratrd WehfalheabtgReSeCt 10N

cartridge. A catchnent chanpers 9 and 11 and_cat chnent
piﬁégelénaﬁaelﬁpﬁﬁé“siﬁecsaﬁ ?bX?%éoﬁpga g

I
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gcted ¥&nd *°

.ad ' fixatior tions., _. .
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| 3l l . ' ' a bR1ion
]iﬁl%%esh%gééaSﬁﬁgagﬁhegw6gl?§§?§1gﬁn?§g@§§ ﬂdpgr%g?ﬁ

not i'nc ( esion fixation layers at the _
en%%cﬁ%gd%%%n?QI%§a%iBh|EEEE&BH_§SC£h@nléﬁeras9@éF|On
facing the filtration section-side in the upper-side

adhesieqn ohi ¥akihenohayakesd bSidefibRgfeasas thbt fatk@ation
section-side interface 15 of 10 the upper-side
adkesitadnfisxaki aatkayake agdod@ phet lowefkasiidg hheesion
filtration section in the | ower-side adhesion fixation

| ayexahios defjemed as the filtration
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The hollow fiber membrane bundle 1 is divided
into plural small bundles 17 on the upper-side adhesion
fixation 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



section-side interface 16 of the | ower-side adhesion
fixation layer. 15The holl ow fi ber nenbrane bundle 1
is divided into plural snmall bundles 17 on the
upper - si de adhesi on fixation %ayer 4.

Bubbl es due to aeration fromthe | ower portion al nost

verddgad ity di se1ddyed Gamdietaren e QW20 thicbehp. as a
menbranes whil e applying oscillation tothe holl ow

fi heysumrbrangs . roiiild tedeceh osQilldwatfiigr rofnetl®@anes to
hol | ow fi ber nmenbranes are snmall nearby the upper-side
adhisimradd xatfiidn drdyer aard hel gamgebedones isgaldifrandlt.
bubbl es escape to the outside of a nenbrane 25
cartridge. To easily réhevea sfluldgiengebastiar whdle

i ncreased and the gap between hollow fil m nenbranes is
Sdincressiing et € lddmyaifiaed oirn of| hdgad owf ifbbex! i ke
object, and 12 deposit of sludge cannot escape

t SIS 38 -gdiy. 1As ngcessalry, tehéprmepairarbéagsénn

hol | ow fi ber nenbranes to decrease a filtering area
an®IHRE™ i1t &g tdi PEi BGLLowTS 188&i MembEARBEE BFRagRY an

d it whi 5. I, the filli f act f
o R T eE RSP ARBaT A0t SonBeaedatly 20g PaFnFhe

ra&%&%&%%%QoRo %&%@ohnagegsEééngg%ggbgﬁﬂé LQEESH sludge

menbranes near by an upper < si

1000kl 1and Bl herhatelhact Lo:PRELLPR 28 8rEBARASEL in

t hrough whi ch sl udge
which a hollow fiber membrane bundle is divided into
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.




10 deposit escape. That is, a structure is effective

in which a hollow fiber nenbrane bundle is divided

into plural small bundles to use the gap between

hol | ow fi ber menbrane bundl €s3 as a channel of aeration
bubbl es and sl udge deposit. 15However, the gap between
holAagwirger Lie nBogmd nsupdiugs Lnaatby Llanoadhesdéngs
portion has a small anplitude of oscillation and

sl GEGERE ERSi LpvgepsireeadhRsine §apatTher épwes, abyg the
forninggsngll g%ndLes, t he di stance between_ hol | ow
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menbranes thereby enhancing cleaning effect. 1
Paptecakably, thet mhogy1 ek ur abe Auhétatbr £98% AL 898ided into
bet ween the | ower-side adhesion fixation |layer and the
uppéursi dematlhesundl ésXaétweeh ayles Dowdol$ Dye fadi@Esion
menbranes is preferable because the effect of 5
10pséikpbidonlayeneandi tne i spherthisde | adiessed. £ Thotpbn
the structure of a |ower bundle may be a single
buhBY®r apdukhaerenhs | conbelirding Uestwesn eyl bev uSdokr
It is preferable that hollow fiber nmenbranes are
di UFHRELR®T 0 prigst 2h) | thuhtlesShed vieerendteic views of
| ower - si de_adhesi on
obundfe 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 between 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.
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10 fixation layer and the upper-side adhesion fixation

| ayer and there is confounding between hol | ow fi ber
menbranes. Figs. 2(a) to 2(d) show schematic views of
bundl e structures. Bundle stiyctures of the present
invention are showmn in Fig. 2(a) to 2(c) but Fig. 2(d)
15 i's not i nclondedndAnigueat her elenlitke bycHivhating the
there is confounding represents that the positiona

r elsdtihey Isddgeed holsliowlei bendienbrfahed 1biwxEdbby t he

| ower - si de adhesion fixation | ayer does not al ways
coiFERgenfist Hn2o shalpobuniddralstracatiren, beerpéng the
hol | ow fi ber nmenbranes fixed by the upper-side 3
adifdGPss Pitx dRoRMPaYePUNdle] straptusens saadsbanﬁlng the
which.a raod-1ike obje cannot be noved due to the
|nF@FgefpﬁénOgegﬁﬁehogh@wngﬁﬁﬁén@§mQﬁéﬁeﬁnseFPFneXﬁﬁEler

-, ' b hol i b 25 nbr anes from
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Sk [ fixati I :
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si derf aacshrehsaprgdseaet Byl &Q%éjéég[]tﬂ@"m?@ﬁai nto

smal | bundl e structures, keeping t apes o e

10snmbkkwbendhel 56w UEL WE £Sme@PHa RO HIbd NFound on two
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sides.

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
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
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
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



5 both ends of the hollow fiber nenbranes. For

exanple, it is possible to forma bundl e by w nding

hol | ow fi ber nmenbranes on two facing sides of a
rectangul ar frane. As shown i#i Figs. 5(a) and 5(b), it
is al so possible to forma confounding state by

chamegi aigl ¢ hearidtterey ale t1Q e bpeen thehnl aw biffeciently
menbranes to be wound on two sides. It is
pr efaraidce dutat t he shape of an adhesion fixation

| ayer to be adhered and fixed at the both ends of a

hol | ow fi ber Imerdcareset bé shapé whedld5 vifehwbhdoa fiber
hol | ow fi ber menbrane cartridge fromthe upper portion
or MRERNSST Bitokhaf fad tsatipngsensioarsiddgénserdsceoot

grrange the hall ow fi ber nenbranes vertically) is any
né-16¥

yPPesngidle rebesignefisAliRBXAg8RTheétUSE cl oset
g g cenl sed i e g h gl ol
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Mor eover, al so when infi g plural cartrrdges, 1t

10possirbeite mBABPEREERLLY SELh&OT1668MPYBe ANkt ihdddgng

in the horizontal direction by arranging the
cattpirdgesths fidtpaiagl ehtendgt et eyt bNJa ORSHIGE 4L

is efficiently carried out. In the case of snal
bupdkesidfehol Aswuebehenenty aties @isthectdibétwdé®mollow
section-side interface of 5 the upper-side adhesion

fi Xabponmempranestis stipe efbstabhee thatwede ditséancet

bet ween nearest holl ow fiber nmenbranes in each snal
bufdFEases| eEsthqapoblewn 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

25

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 filtering water quantity with little
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



and it is nore preferable that the distance is |ess
than 1 mm because it is possible to increase the 10
effective menbrane area of hollow fiber nmenbranes and
improve the filtering water jguantity of a nenbrane
cartridge. As used herein, the distance between hol | ow
fi ber epehbsmaks hbendhe. di st ance bet ween out er nost
surfaces of the hollow fiber nenbranes. Moreover, the
15 nunber of Thel 2w ¢¢deromesitrtamest donsteu Uiy each
smal | bundl e preferably is 10 or nore and 1000 or |ess
anBERBFenp? ef o bt y1 PO Brs ide b BUD birxdtdsn layer may
Accunul ation of sludge aggregates and contanminants is

snBF| 2pdteeh v F5PE C eI Ay ik (Hesldahigee

20 _The_di st bet ween the nearest small bundles is 2
>k Prﬁgr%m%ﬁquﬁﬁg%ﬁﬁbr | ess, nore preferably 3 nm or

nmore and | e 30 m In this range, it .i.s .
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smal | bundl es represents the nearest ance anon

di stances betweeiy out eraasd1 194 fReRs ferttdldrav fd 8% dge
menbranes i ncluded 16 in each snall bundl e.

10 Thes agoiegatutord sdfate mfl lhel |[fowdd bemprery anesilian 1t he

| ower - si de adhesion fixation |ayer may be a single

buwith €h 5wt lurtes Jdrownyi deer diernidethesntaxreb qallurealt esiyal |
bundl es. Hereafter, an enbodi nent of a
hotprey 13 iste adhesiane Gaatriicdge egft itdre 2or esehtlower-side

invention is described by referring to the
acRYMERA Mg *ftd@mgection 3. In the both ends of the

bundled hollow fiber membrane bundle 1, hollow fiber

15 membranes are integrally connected by an adhesive and

20

25

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
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
bubbles by aeration move upward while oscillating
hollow fiber membranes.

To integrate the bubble supply section 8 with

the membrane cartridge, the bubble supply section 8 is



1

15

In Fig. 1, a hollow fiber nenbrane cartridge 10 is
constituted of a hollow fiber nmenbrane bundle 1 in

whi ch plural hollow fiber nmenbranes are coll ected,
upper - si de adhesi on flxatloqrﬁectlon 2, and | ower-side
adhesion fixation section 3.7 1n the both ends of the

?U%%E%%cQ%b|@W'%hgeﬁoW%?bF89€19Hn9ketﬂe BOLLAMeht PEhambe r

5 menbranes are integrally connected by an adhesive
andll@%e@h@MhleO@mgctgqaqn tnerdpper; sidei3dpeskoPhle to
fixation layer 4 and the | ower-side adhesi on fixation
| ayepbly, gardtar aoopenediptrt hempREnsyr baceobmOhgt BBrough-
upper - si de adhesion fixation |ayer and at the end 20
suhbdee 718otonhhenhangr fsbnethdhesbbhbef sppignséayeon 8 up
Cat chnment chanbers 9 and 11 and catchnent pipes 10 and
S12tar éheorindttretlivo thetuppesidadihbeefaadh&éi of the
fixation sections. The bubble supply section 8 is set
t olowWerrewde pohesoanofikpbieenbanpe kurpasdgegahdrosgh
bubbl es by aeration nove ugmard whil e oscillating
hothéwlPiB&rsagfbpdResion fixation 1¢B6Fn5egr%Pée?ﬁ@rr it
bubbl e su g section 8 with the menbrane cartri
théSbBBBPg %GpEnygé@tFBﬁ 8OVEr H?ftb%ﬂn%EtEﬁet%OgﬁE‘Slde

| v the. cat chpent, chanber 11 as. sh
Fi BEnSaPn RBFabYBR. AT F s pbRE otk COARPI 3 bAG 16 and

OhOEFQMIthSrPong?hgné Bgy260rf£ guEhé 8gbn§o£§é &?bble

conti nui e supp y sec I on

th@uﬁbg% géggﬂoﬁegé' Aowh den | F£€Vf§?ﬁ 16 of the

| owner esi on |xat|on by’ passi ng through

the | ower-side @gh§§é9@r£br@tt@§tl@ysrs§zeN@fe@H§5ugml
is possible to formthe | ower portion of the

| onelesi dengdbesirom i ¥at 30Nmhayera® éqlOvane@pPedesineter.
skirt 19 and 10 set a gas jetting port 20 w thout

cl osenghtthe bfbbheosygpphylsetsi optasnshDywnsébeftgd from a

3(g)olygon such as a triangle, quadrangle, 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 a position lower than the catchment
chamber 11 and fixed to the outer periphery of a hollow

fiber membrane bundle. It is preferable that the



It is preferable that the size of through-hol es ranges
from2 to 30 mMmmin an equival ent dianeter. The shape
of through-hole is optionally selected froma 15

pol ygon such as a triangle, jguadrangl e, or hexagon,
circle, ellipse, sector, Cshape, or star. It is

pr ekayahl probatdete faufibene of olr8F Opght heoh estish@ to
300 though it depends on the cross-sectional area of a
nmepbitaheecoar thagdlgerorahyesnfinberSotof BO@rmm 1t o8d2O to
possible to set positions of the through-holes to
oppirenahtpdsssipation vheghoweremi dee atihest grofikan i on
| ayer 5. However, it is preferable to uniformy

di $pergk ihedenevdghonotes shzerderthe m@mbrﬁmﬁy
oscillate all hollow fiber nenbranes. 25It is

Spr @FéFabﬂaet hapet ABOYRT r oL 19UpPRl bt §3Re RSP he number

pogltlg omgr Ean t S cat chnent chanper 11 and 56xed
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supplied gas, and the nunber and dia

10t hegughi hgb ess dhgedengdhy of e B0 NPROTEH RS T GH-Sholes but
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preferabl e because a wasted space is small over the
enitres|eagtdi ofigatad tin dgee tThndwnedd Of r&etiaor
nore is preferable because the gas supplied to the 10
cartridge i sFef fect foehlyy |mbdindg hehd yaug@pdddeas fndm
it is not dissipated in the transverse direction.
Fotheingdor iyt pas showt t2@ dasowpoutledrdlr drhtdhaghgamles
jetting port 20 through plural through-holes 18, it is
net@sshf y1$ HeRcesragast ol Faorandie aghst ridn J‘fé’tet igRPp
port 20 forns a gas pool on the skirt 19 and gas is

sub%‘F‘Pefbgm%t fg%@nfpowg% Regh arhridgydite. 1 9rnd

T ST S5 0F SR chPemsias HR0h & st A pudh-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
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 fiber membrane cartridge from the
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



to determ ne the position of the gas jetting port 20
20 for aeration by taking into account the thickness

of a gas pool to be forned. Though t he
size of a hollow fiber nenbrane cartridge adhesion
fixation section (the size when view ng the hollow
f'?fén%@ﬂbfaﬂfd?ﬁft5fdgﬁeff@@%£@§1@5sﬁﬁﬁ@¥uf5wiéOﬁzpror
| ower portion after setting the Cartridge so as to

ar pgpgeatheshol | ow féber mendn anes yepéécatdyloiss
optional, in the case of a rectangle structure it is
prehgrablechhat 3t he aspestinéBtilen 191 (dengbds semilokthyeen
of the rectangle structure is 3:1 or nore and 50:1 or

| esgal Wieintibes aspest ival y cbésomesl leng tian @hdn the
channel when sl udge passes between snmall bundl es

5r ehapevel yabecoieslioagr bubamhed: t hea Spespertagatfori s
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| arger than 50:1, a percentage for bubbles to

di bebpate to dhesbpatedecotha ewksidegel i acerakesdge
bef ore the bubbl es passing between nenbrane bundl es
rea@ﬁr@ﬁéeapb@foaghEE?o%u$b&%fi%@S%h&%erWWe?% membrane
preferable that the vertical |length_of 10 a holl ow
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It is preferable that the vertical length of
a hollow fiber membrane cartridge ranges from 300 to
3000 mm.

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
layer 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
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 because it causes a damage
when a hollow fiber membrane repeatedly contacts. It
is preferable to determine the thickness of the rod or
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



In the present invention, to prevent the rise or tw st

of the | ower-side adhesion fixation |layer 3 at the

time of aeration, the upper-side adhesion fixation 15

| ayer 4 and | ower-side adhesijon fixation |ayer 5 are
connected and fi xed by any one of a rod, pipe, plate,
chabnioGOkdpeandeBiand h@eﬁB@Qt@dil'Pi EéntScparyi el eé Yoipe
preferable. It is preferable to use nmetal or resin as

t hermabar bal cbat beg usied. sThdaugh hieh shapen off thew r od

20 or pipe is optional, it is preferable that the rod

or hpirgeess.cylindrical. A shape having an acute-angle
corner is not very suitable because it causes a damage
when a hol | ofiefi dehohendizameteepebit@digl bontaidesr |t

is preferable to determ ne the thickness of the rod or
525mppsang vakfngor ntlee aeretert t Hevent eyt hitaght ikessible
deformation of the material used. Using a pipe or rod
hatPngsS8& fi HAVAEFANRIBOFbF f&%tﬁ‘?r%@e%dl}g%rif ‘fagte @

b [ [ i bl d 20
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possi use a reverse osnosi s

o ST O(ogly 8 By bl hSL poleer it

pa@w%ﬁaéy pobydeter brbtdhe SO oMY e €ikeebn,
po

ysul fone, polyether sulfone, 10 polyacrylonitrile,

pobyi ptiey 10t y edSEYp ¢ Eiben @O ey e, mext yaidreten,
ket on, pol yether ether keton, polyethylene,
potgpiopytenece pbh e e netdtyd penteml yealyuideses fluoride,
cel lul ose acetate, polyvinylidene fluoride,
pobgtyayhehent etetaf 4 lnoetdih ehene opepgimme r arehd 5
pol yt et rafl uoroet hyl ene. Mreover, it is possible to

15useohy eobpaieo e tdr Y NS herdf cOVRF 4 hid ot R0BBiR e to
shape of a hollow fiber nenbrane, a nenhrane having an

i NP AT AR (A TR ¥ g BEPt 0 FOVO-RFRIBRRE arRS the
| nglilggsle O(l).l% SEii eoﬂc?wnegiegel[ ant\sig rrglggll ng nflernﬂongaories I'anviorlg8 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



20 is preferably used. As an adhesive used

for the present invention, any one of the follow ng

polymer materials is used: epoxy resin, urethane

resin, epoxy acrylate resinpgiand silicon resin. 25It

Is preferable that the resin hardness of the

filftixation $egtronsspPOeri otendbaceadd 96 Aher uppes - sndeit

adhesion fixation layer and the filtration

seési bprsi deefaraeblacehd6 ofiet hesioweardnees athesd oh or

21 fixation layer is 20 A or nore and 90 A or |ess

an@ore padnvPeApeef eeadpl e Thathe heardsess hos desk o5

20 Aor nore and 70 A or less. If the hardness is 20 A

or MRBPe, 1Ft 15 sPPBSEP bE et ¢ ok p? ashirpel9Bra al Pmhgt ime.
the hardness is 90 A or less, it is
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hardness as an adhesive and 1 fror'e bond
re a oy har d X
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adhesi on fixation |ayer by an epoxy resin and then
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form ng an adhesion fixation |ayer by an urethane

resi fiired Idper bodickngd anotdef i tdtet dwege J esFdr hawinidl &,

| ow hardness on the urethane resin. As bonding

met hods, pesblh b yt & ey stetah aokss isudie mdneentaf fargal

bondi ng nethod and stationary bondi ng
interface by forming an adhesion fixation layer by an
epoxy resin and then bonding a silicon resin on the
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
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.

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



20 met hod are known. To inprove 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 2zuch as carbon bl ack,
alumna, or silica in the above adhesive. 25Materials
of omodsfhgsent . t hkowpper ; stldermchessonc f r&xat mh oor
section 2 and the | ower-side adhesion fixation section
3 ahdinhessastheknis cheeberabby amsedl are not
particularly limted and they may be the sane 22 or

di fferent. HOMeVR? P¥Peehpplagenicionsias othewai it ess
st eel iiegreferably used. In the present invention, as

shBHATPheexBhpl 635 of ¢ Filgsto 41 &) 1 FIR rrangement of
SO SheS G Thed T4 ot e (ITPSIRRP 19 teuce of
T SRER R AT At MR Bg i e o
as TRt Lot PR DT woreover o o T 3¢
ot S Bbss! Bl That § e SHApS of & sial 1L b

| SaRPAn@d Mend admOIr1 $hzes &f m%uﬂuqq{teérxﬁdl?s Y shown
equal . [ Exanpl es] 15Exanpl es of the present invention

10aren desgr i hash belvediasgvers sHrpries entg.i vent,i ahd s
not restricted to the exanples.
small bundles may be divided into plural rows. It is
possible that the shape of a small bundle is not

circular or sizes of small bundles are not equal.

[Examples]

15 Examples of the present invention are

described below. However, the present invention is not

restricted to the examples.

Example 1

20

25

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 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
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),



Exanple 1 Two cylindrical pipes 21 having a dianeter

of 20 1 cmand a length of 80 cmshow in Fig. 5(a)
were arranged in parallel by keeping a distance of 2 m
fromeach other to forma wndi ng cassette and wound
hol | ow fi ber menbranes 22. The pipes 21 were wound by

r ottataiviegr seheasatoftd660etli wiesn whih@img) us¢ | mgl bowi hthay
25 position so that hollow fiber nmenbranes becane
snakehblyangl 88 a0 thet ohlee phped k¢ dea andl bededrel 20w gt e
bundl e at the other pipe side. As shown in Fig. 5(b),
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fi ber menbrane 22 so that the bundle was divided from
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hardness after curing: 98A) serving as an adhesion
fiyahtea LAYErhbisihe ABIdLSidE MI%%-% using a
Thereafter, urethane resin 25 (nmade by SANYUREKKU
10l NnGrethShe 638914 ype" (mdds dine SSANY BREKIUSU NGic SOHAVEE30
15 fixed on the interface between bonding portion and
type"; hardness after curing: 98A) serving as an
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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.
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nonbondi ng portion of hollow fiber nenbranes through
stationary bonding. A neasuring nethod of resin

har dness conformed to JI'S K6253. Along the cutting
direction 26 20 shown in Figs4 5(c), a housing, a
urethane resin, and a cylindrical pipe were cut. The
state of oneAofiol hewcfiiberyhémoracal wips pe pascise end
face shown in Fig. 5(d) and the other one of the cut
cyFihtertay peperaas made sohteokyroimy 1 iddig. f B{@)idé\ and
cat chment chanber and a_ 25 catchnent pipe were
cofpeEn@dat emahthholet fbametes o f dtek Mihi | @utkdiedt ng

the hol | ow fiber nenbranes open. |t is possible to use
angieBphREt P et hol- 43 MonEREd HohiiRtdimngler of 0.7
l[iquid-tightly nmade. 24 A hol |l ow fi ber
rre‘ﬂlﬁr% R%é% CTRERRS 2 F§7 t2F | TR MEMIEARRE et ordge was
pol yvinylidene fluoride and havin smal |  haql e .
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present. The di stance between 10 nearest snmall bundl es

Wagedré@l small bundled wddes geanection of two pipes
of the w nding cassette, an upper-side adhesion

fixation secln athentbrend@viern Sflecwad eigean dff xatd ainding
section were connected and fixed by using two pipes
eacis ogetaf avhiwdpevass iobd adieh ik Hyixedviem repct jmirpeand a
made of SUS304 and havi ng an outside
lower-side adhesion fixation section were connected and
fixed by using two pipes each one of which was obtained
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.

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.

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



dianmeter of 13 mmwi th a vinylidene chloride film
An aeration bubble supply section was set to a
position 5 cm|lower than the | ower-side adhesion
fixation layer. 20A hollow bicber nenbrane cartridge
produced thereby was innerseg in an activated sl udge
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fibteaserpi perwese monvestes, imancthis xetkd ardriiped between
activated sludge tank. 25Suction filtration was
contibchrd 430 ngPa sudtwawn pumplsofdhathimee months. The
nmenbrane-filtration flowrate is 0.6 nB/ nenbrane area
n2tdagenhirétioe Mt s gini thefadol Wistdrs fudge thank in the
aeration bubble supply section to the 25 hollow fiber
Snenvehnet tantpenbed Whe HT9@rmenil o0 preemge 3 videh
menbranes in this case ranged between -15 and -20 kPa
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hat t attached quantity was snal | i ghts of the
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wet hol l ow f1ber nenbranes and the wei ght difference

Waga defmael. asnéhghveighttid ddrstidige deofidintarad after
contam nants.
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



Exanpl e 2 Two cylindrical pipes 21 having
a dianeter of 1 cmand 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 2o forma w nding cassette
and wound hol | ow fi ber nmenbranes 22. The w ndi ng
mebpps] t¢ hendomdr fgcando f | Weghakl dwodf ye uirmediarenes at
resin and the cutting nethod were conducted in the
sabie e rviere ntigx agpl esur f 256 ere v rleu el singiadesthe
of the hollow fiber nmenbranes at the side where snmall
bupBPERARE Ehelhol |3t HErCHe fHraear vigt® a catchment
constituted, while close were the 26 oppsite end
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th d f e ur ed nsi de the ret hane
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cartridge was 17.5 n2. A small bundle was 10 fornmed by
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section-side interface of the upper adhesion fixation
10| afkermeadh (by301L 10181 d 1 TN d igse metetnby et tpe rTindi s aitc e

bet ween nearest small bundles was 5 mm
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

15 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.

20 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
thereby was immersed in an activated sludge tank having

25 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
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In the connection of two pipes of the wi nding 15
cassette, an upper-side adhesion fixation section and
a | ower-side adhesion fixation section were connected
and fixed by using two pi peg each one of which was
covering a pi pe made of SUS 84 and havi ng an outside
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fixation |layer A hol |l ow fi ber nmenbrane
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acti vated sludge tank having 25 a volune of 8 n8, and
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n2/day while aerating air of 10 N3/ hr fromth
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menbrane cartridge. The differenti al gre sure
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a5 ort raw wat er of activated sfudge.
The weight 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 quantity was small.

Example 3

The hollow fiber membranes, the number
thereof and the housing which are the same as those of
Example 1 were used and all hollow fiber membranes were
collected to one 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



The wei ght of the sludge fouling or contam nants
attached to the cartridge after operation was
deternmined in the sanme manner as in Exanple 1. As 15 a
result, the weight was 0.65,kg and it was found that

t he attached quantity was snall Exanmpl e 3
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Comparative Example 1

Evaluation was made by an activated sludge
15 tank in the same filtration conditions as the case of
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 into a
20 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
25 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



Eval uati on was made by an activated sludge 15 tank in
the sane filtration conditions as the case of the
Exanpl e 1 except that the arrangenent of hollow fi ber
menbranes on the filtrationjsection-side interface of
t he upper-side adhesion fixation |ayer was not divided

I nb@eghBkl BOBNAFessbuhgyl ¥Ag E9rvEdiE0tRgAL 20aSi REEE for
bundl e structure. In this case, the

di ther eatvi ahtpressuaet betve@nsbeaypeanes suddenly rises
for 14 days, reached up to -80 kPa, and punp suction
becones i npo%$kebveigst nofaslydge foel tageonfcdxiamplieants
1, the 25 concentration ML.SS in the activated sl udge

t anktanhedetevhhaackohr pédge odfhas A0S0t hept Iwah 6.4 kg
average and the average tenperature was 25C. City
SsedBfeitiavef Ravhdgthad therbgel BOD weidlso wyyg 1eahEensly
of _160 ng/1 was used for the raw water of activated

s| b8gee- The wei ght of sludge fouling or contaninants
attached to the cartridge after operation was 6.4 kg 5
and it was found that the fouling weight was extrenely

Comparative Example 2
Evaluation was made by an activated sludge
tank in the same filtration conditions as the case of

10 the Example 2 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 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.



| arge. Conparative Exanple 2 Eval uati on
was made by an activated sludge tank in the sane
filtration conditions as the case of 10 the Exanple 2
except that the arrangenment,gf hollow fiber menbranes
on the filtration section-side interface of the
upper - si de adhesion fixation |ayer was not divided
into small bundles but it was forned into a single
bupgbesek fAGt A e, T 11w S case, the differential
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sl udge. The wei ght of sludge fouling or contam nants
25fhteahben tdeYee cartridge after operation was 5.7
kg and it was found that the fouling weight was
extrenely large. 30 | NDUSTRI AL APPLI CABI LI TY



The hol |l ow fi ber nmenbrane cartridge of the present

i nvention can be preferably used in the field of
menbrane filtration, in pafticular for a suction- 5
type tank filtration device or an inmersion-type
filtration device. 31 CLAIMS 1. A hollow fiber
menbrane cartridge conprbgiqﬁ a hol l ow fi ber nenbrane
bundl e consisting of plu PSS ow fiber menbranes and
arranged in vertical direction in an imersion bath;
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bet wee €e” near est nmbranes is | ess
than 2 MTmmin each smal | bundl e, and the nunber of
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100 mmor less. 3. The hollow fjber Ebd Ga tri qg
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IessqnémnﬁhﬁemﬂiHmmmhubaﬁsnenbrane cartridge according
to any one of clainms 1 to 3, wherein the shape of the
adhesion fixation layers is selected fromthe group

$ONSi Bl U0 RIfiRr bkmBREE Bartride tadtgdiag tacldinheXagdich the
upper-side and lower-side adhesion fixation layers include a resin,
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.

4. The hollow fiber membrane cartridge according to any one of claims 1 to 3,
wherein the shape of the adhesion fixation layers is selected from the group

consisting of a triangle, rectangle, and hexagon.



