DESCRI PTI ON MEMBRANE FILTER UNIT TECHNI CAL FI ELD
[ 0001] The present invention relates to a nenbrane
filter unit applied to an activated sl udge treatnment
met hod, which biochemically treats an organic matter
and carcass thereof included in industrial wastewater
and donestic wastewater or wastewater including
m croorgani sm and bacteria and performng solid-liquid
separation using a separation nenbrane. BACKGROUND ART
[0002] As a denitrification nmethod in the wastewater
treatnent nethod, an j udge recycl e process
in which sludge is ci?§%$§?£§9g§$meen an anoxi c tank
in which free oxygen is not present and an aeration
tank, which releases air into the sludge froman air
di ffuser, ammoni ac nitrogen i s oxidized to
nitrate-nitrogen i MEMER FLLIER ST and t he
nitrate-nitrogen is reduced in the anoxic tank to be
di scharged out of a system as nitrogen gas has been
conventionally wdely perforned. However, according to
TEOHNIQRLhPUELRI t hough nitrogen may be efficiently
renmoved, phosphorous is not sufficiently renoved. This
[bBobgcause an anaerobic degree in the anoxic tank is
not sufficiently raised due to dissolved oxygen, the
“nitr s N Ni.LrLtgznitr ' u ' :
3?12? gt!dtfés‘&e{‘ 1?.%ntt'1%n Ha&%_‘ch tb gg{%ﬂé}l p?Je @Eitb? unit

circ wat er roman aerobic tank, osphor ous
aﬁShgg eto an activated sludge treatment method., which
bioéhemically treats an organic matter and carcass thereof
included in industrial wastewater and domestic wastewater or

wastewater including microorganism and bacteria and performing

solid-liquid separation using a separation membrane.

BACKGROUND ART
[(0002]

As a denitrification method in the wastewater treatment
method, an activated sludge recycle process in which sludge is
circulated between an anoxic tank in which free oxygen is not
present and an aeration tank, which releases air into the sludge
from an air diffuser, ammoniac nitrogen is oxidized to
nitrate-nitrogen in the aeration tank, and the nitrate-nitrogen
is reduced in the anoxic tank to be discharged out of a system
as nitrogen gas has been conventionally widely performed.
However, according to this method, although nitrogen may be

efficiently removed, phosphorous is not sufficiently removed.



from phosphorous accunul ati ng bacteria i s not
sufficiently perforned. [0003] Therefore, when it is
required to sinmultaneously perform denitrification and
dephosphori zation, a so-called AZ/ O nethod in which
the denitrification and the dephosphorization are

bi ochem cal ly perfornmed by arrangi ng an obligatory
anaerobic tank, which does not include the free oxygen
and bound oxygen such as a nitric acid and a nitrous
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he above- escr ed actlvat sludge recyc € process
0 qanae obi.c _t ank

SRy RRE0SNS: FALaERaoHS EReaRSPOHEERAPE e BRI at i ng
hacteria_ is hydrolyzed to di_ ssol ve out the Ehosphorous
nitgaternddgegsn andi bbRehitaitex)dEnoderapncluded in
(hereinafter, referred to as a BOD) conponent into a
cBasudaitgdcenter [firamsanaieralisd tank .opndPhasphationsaralease
an obligatory anaerobic condition, the BOD is required
fromb @hd@ phpirbusr abcghelatidgObhckHewdaweds hbeér suffiaiently
problemin the wastewater treatnent nethod according
pe@folkmed2/ 0 met hod that an obligatory anaerobic tank
shoul d be additionally provided and a | arge device 2
[loddi3! | ation area is required as conpared to the
actlvated sl udge recycle nethod. [0005] Therefore, for

exanplrﬁerg\gggélwegp Q:Pfé% u%%gtsn.]ﬂultaneously perform

denitrification and dephosphorization, a so-called A,/0 method
in which the denitrification and the dephosphorization are
biochemically performed by arranging an obligatory anaercbic
tank, which does not include the free oxygen and bound oxygen
such as a nitric acid and a nitrous acid, before the anoxic tank
(denitrification tank) of the ébove—described activated sludge
recycle process is used. In the obligatory anaerobic tank, a
polyphosphoric acid by the polyphosphate accumulating bacteria
is hydrolyzed to dissolve out the phosphorous and introduces
a biochemical oxygen demand {hereinafter, referred to as a BOD)
component into a bacteria cell. It is said that, in ordér to
maintain an obligatory anaerobic condition, the BOD is required
to be 50 mg/L or higher.
[0004]

However, there is a problem in the wastewater treatment
method according to the A,/0 method that an obligatory anaerobic

tank should be additionally provided and a large device



di scl oses the wastewater treatnent nethod capabl e of
renmoving the nitrogen and the phosphorous only by the
two treatnment tanks, which are the anoxic tank and the
aeration tank, wi thout the aggregating agent. The

wast ewater treatnment nethod is the activate sludge
treatnment apparatus for performng the so-called
activated sludge recycle nethod, configured to

circul ate the sludge bet ween t he anoxic tank and the

h
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circul ated fl ui bel ow t he alr dlffuser dlsposed

S&H ReTEGWELE PESPPAon in the aeration tank when

sendi ng the sludge being the circulated f luid from
[0OR@5deration tank to the anoxic tank and sets the DOC
(hereinafter, referred to as the DOC) at the site to
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arran%lng in paralle
so-called activated sludge recycle method, configured to

circulate the sludge between the anoxic tank and the aeration
tank to biochemically treat the wastewater, and this is
configured to take out the sludge being the circulated fluid
below the air diffuser disposed on the lowest position in the
aeration tank when sending the sludge being the circulated fluid
from the aeration tank to the anoxic tank and sets the DOC
(hereinafter, referred to as the DOC) at the site to take out
the sludge to 0.5 mg/L or less, and sets the DOC at the site
at which the sludge sent from the aeration tank enters the anoxic
tank to preferably 0.2 mg/L or less. It is said that, by doing
so, both of the nitrogen and the phosphorous may be removed by
using only the two treatment tanks, which are the anoxic tank
and the aeration tank, without using the aggregation agent and
the like.

[0006]



a plurality of sheet-Ilike hollow fiber nenbrane
el ements in which a great nunber of porous hol | ow
fibers are used so as to be parallel, and the air
di ffuser, which is a m nute bubble generating unit,
arranged bel ow the holl ow fi ber nenbrane nodule for
releasing the air toward the hollow fiber nenbrane
nodul e is often used for a reason that biochem ca
treatnment efficiency and filtration efficiency of the
act | Vil 6l ShudQe nd! 4 08l L 0007d. & PISLELELD NG tank in
anoun rerease from user
he sl udge as m nute b this bec
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Pateat Peawreme 1nn€®¢é“e%hﬁaQ%ef¥4%ﬁF Wikt Erpprekded with a
through the hollow fiber nenbrane nodule, flows down
hal borg fabegumemb saue mofdutlieca seertip bed byf arrengimg intparallel
forma gas-liquid mxed swirling flow Wile the
agpdurafiity of xeltestd 11keohdl Dow vEIiérahdéybsane | €leridrets in
oxygen in the air becones the free oxygen and is

wHiSE A @& atNnuhBerSb£4dsr ol tRINO%LE 1 BE B Fé fuRS KCas to
organic matter and the |ike, and/or, introduces the

bg g&PQPié’i‘s 4 clflotﬁé‘e Pl yPPRsODAL ewhf&}‘fuf%”@tlh ite bubble
a a

teria and ovvst e sane to growto | ow t

sl ud 9L oW, and als cl as anes
ofntERF g HEE AP e pilar Bl Rehe éig%ﬁaft‘%m?mne
Docunent g) and Japanese Pat ent _ Lai d- Open Pub Llcat on
nREULSGRE ZAISR(E% GRE APBLANARA BPe PORLSYaTIPEE embrane
contam nant attached to the hol | ow
module is often used for a reason that biochemical treatment

efficiency and filtration efficiency of the activated sludge
are high.
[0007]

A predetermined amount of air is released from the air
diffuser into the sludge as minute bubbles, this becomes a
gas-liquid mixed flow while moving upward in the sludge and
moves upward, flows upward in a gap in the hollow fiber membrane
modulg, and the flow, which passes through the hollow fiber
membrane module, flows down along an ocuter side of the membrane
filter unit to form a gas-liquid mixed swirling flow. While
the gas-liquid mixed swirling flow vertically swirls, the
oxygen in the air becomes the free oxygen and is dissolved in
the sludge, decomposes or nitrifies the organic matter and the
like, and/or, introduces the phosphorous into the polyphosphate

accumulating bacteria and allows the same to grow to allow the



fi ber menbrane elenment is exfoliated fromthe sane to
clean the sane by so-called air scrubbing for allow ng
the gas-liquid mxed flowto act on the conponent

hol | ow fi ber nmenbrane of the hollow fiber nmenbrane
nodule to oscillate. At the sane tine, the sludge is
sucked by a suction punp and the solid-liquid
separation is performed through the porous hollow fiber
menbrane, and treated water is sent to an externa
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[ 0008] As disclosed in the Patent Docunents 1 to 3, an
Daeumendd) pfocesxanplgerre cantpmingangdetitaphefeto the hollow
bi ochem cal activated sludge treatnent using this type
fobehotdnwrdridel ementr benexfoddlared Fhemhtid samei bherclean the
menbrane nodul e is obtained by arranging a 5 great
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the sludge is sucked by a suction pump and the solid-liquid
separation is performed through the porous hollow fiber
membrane, and treated water is sent to an external treated water
tank through a hollow portion of the hollow fiber membrane.
Patent Document 1: WO03/101896
Patent Document 2: Japanese Patent Laid-Open Publication
No. 2000-51672

Patent Document 3: Japanese Patent Laid-Open Publication

No. 2000-84553

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0008]

As disclosed in the Patent Documents 1 to 3, an aeration
process is generally included in the biochemical activated
sludge treatment using this type of hollow fiber membrane module.

The hollow fiber membrane module is obtained by arranging a



intervals to forma rectangul ar parall el epi ped hol | ow
fiber nmenbrane nodule. The gas-liquid m xed swrling
fl ow generated by the bubbles released fromthe air

di ffuser arranged below the hollow fiber nenbrane
nodul e i s acconpanied with a disturbed flow due to the
scrubbing to the porous hollow fiber nenbrane. [0009]
On the other hand, in the sludge to be treated, the
organic matter and various solid materials such as

fiber arn ste hai.r.,, apd. a paper piece are_m xed. .
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[0009]

On the other hand, in the sludge to be treated, the organic
matter and various solid materials such as fiber, yvarn waste,
hair, and a paper piece are mixed. These mixtures are carried
upward by the gas-liquid mixed swirling flow, which flows upward
from below the hollow fiber membrane mecdule and often get stuck
on components of the hollow fiber membrane module. In this case,
it is not possible to prevent especially the fiber, the yarn
waste, the hair and the like from getting stuck on a frame body
of the hollow fiber membrane module and the porous hollow fiber
membrane or entwining between adjacent porous hollow fiber
membranes and between a take-out pipe of the treated water and
the porous hollow fiber only by a scrubbing action by the
gas-liquid mixed flow passing through the hollow fiber membrane

module by the normal air diffuser. When residues such as the



it is necessary to raise the hollow fiber nenbrane
nodul e from the aeration tank to carry out of the tank
and replaces the sane with a new holl ow fiber nenbrane
nodul e. [0010] The present invention is nade to solve
such a problem and a specific object thereof is to
prevent the hair, the fiber and the paper piece
included in the wastewater from bundling the porous
hol | ow fi ber nmenbranes of the hollow fiber nenbrane

mpdul e, or from entw ni g or gefti stuck between. the
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thereby ensuring durability of the hO||0M/fIber
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theofi] tsathoanpebf @onance eff detwersdy bachiadeedthyg dissolved
menbrane filter unit applied to an activated sl udge
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Wi th the porous hollow fibers oriented
[0010]

The present invention is made to solve such a problem,
and a specific object thereof is to prevent the hair, the fiber
and the paper piece included in the wastewater from bundling
the porous hollow fiber membranes of the hollow fiber membrane
module or from entwining or getting stuck between the hollow
fiber membrane and a surrcunding frame member, thereby ensuring
durability of the hollow fiber membrane module in the

above-described activated sludge treatment apparatus.

MEANS FOR SOLVING THE PROBLEMS
[0011]

Such an object is effectively achieved by a membrane
filter unit applied to an activated sludge treatment method
comprising an anaerobic tank and an aerobic tank, with a
membrane filter unit immersed in the aerobic tank, to

sequentially biologically treat wastewater to separate into



in a vertical direction; and a m nute bubbl e generating
unit arranged bel ow the hollow fiber nmenbrane nodul e
for releasing mnute bubbles toward a | ower end of the
nodul e to generate a gas-liquid mxed flow vertically
swirling between an inner space and an outer space of
the hollow fiber nenbrane nodul e, wherein each hol |l ow
fi ber nmenbrane el ement of the hollow fiber nenbrane
nodul e in the nenbrane filter unit has a first area in

a@@i&gtgd #§§\%ﬁ4] %% Q raﬁégeregg rgngfltervgnlt

conp03|ng el énent I's narro
and a second area forn1n a mﬁde bet ween t he
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the present invention. [0012] A part of intervals
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adjacent in a parallel direction of the hollow fiber

e henen s @btedules] by doramegli sy sagreetbrunpete ofapdrans hollow
interrupting nmenber is arranged on a | ower end entrance
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and_ an |ncI|nat|on angle of the skirt portion relative
g@p-phiquid mixed flow vertically swirling between an inner

space and an couter space of the hollow fiber membrane module,
wherein each hollow fiber membrane element of the hollow fiber
membrane module in the membrane filter unit has a first area
in which a gap between porous hollow fiber membranes composing
the hollow fiber membrane element is narrow and a second area
forming a wide gap between the narrow gap areas, which is a basic
configuration of the present invention.

[0012]

A part of intervals between a plurality of hollow fiber
membrane elements adjacent in a parallel direction of the hollow
fiber membrane module is formed so as to be wide, and an
interrupting member is arranged on a lower end entrance ¢f the
part of the intervals for the gas-liquid mixed flow. Also, there
is a case in which the membrane filter unit is characterized

by having a wall material arranged so as to enclose arcund the



vertical line extending vertically dowward from a

| ower end of the wall material may be nade 10 degrees
or nore and 70 degrees or |less. Al so, both of the

i nterval between the above-described hollow fiber
menbrane el enments and the gap between the porous

hol | ow fi ber nmenbranes conposing the holl ow fi ber
menbrane el enent may be made irregular at the sane
time. EFFECT OF THE I NVENTION [0013] As descri bed
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PGPality of porous hollow fiber membranes. Al so, the

Also, both of the interval between the above-described
hollow fiber membrane elements and the gap between the porous
hollow fiber membranes composing the hollow fiber membrane

element may be made irregular at the same time.

EFFECT OF THE INVENTION
[0013]

As described above, the residues such as the fibers, yarn
of various materials and the pgper piece (nonwoven fabric) are
mixed into sewage and industrial wastewater, and although a
large solid material is eliminated by means of a screen at a
stagde of rawwater, the residues, which are especially elongated,
soft and flexible such as the fiber and the hair, pass through
the screen to be mixed into the wastewater and flows to the
treatment tank. When treating the wastewater, especially when

the above-described aeration treatment is performed, the



resi dues entwine with each other to forma ball-shape.
Such an effect by the residues is large, and this
significantly lowers the filtration perfornmance of the
hol | ow fi ber menbrane elenent, for exanple. It is
substantially difficult to renove the residues in the
tank to recover the degraded performance of the holl ow
fi ber nmenbrane elenment, and it is required to raise

the nenbrane filter unit to carry out of the tank and
repl.ace the hollo i b menbr ane el e

reRdcRES: dis CoLnt BBV LhR BRE- MOWIRGI PORPA bupv and move
menbrane el ement. [0014] Then, in the present
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surrounding gap is narrow, by the flow to nove upward,
asn@féscti by the sapddues of LREIRenBPEn&hLs| égndhicantly
Therefore, after long-termtreatnent, the residues are
loaedisytBelfiiditfiadd on performance of the hollow fiber membrane

element, for example. It is substantially difficult to remove
the residues in the tank to recover the degraded performance
of the hollow fiber membrane element, and it is required to raise
the membrane filter unit to carry out of the tank and replace
the hollow fiber membrane element with which the residues
entwine with the new hollow fiber membrane element.

{0014]

Then, in the present invention, in order to avoi@
occurrence of the above-described trouble, a second area in
which a part of the gaps between a great number ¢f porous hellow
fiber membranes composing each of the plurality of hollow fiber
membrane elements is made wider than other gaps is formed. A
part of the gas-liquid mixed flow, which flows in a gap between
a plurality of the hollow fiber membrane elements from below

and flows upward, moves between the hollow fiber membrane

10



in each hollow fiber nmenbrane el enent in a ball-shape,
and at the sane tine, a mass of the residues does not
attach to the hollow fiber menbrane el enment and the
like, and a plurality of porous hollow fiber nenbranes
are not bundl ed by the residues, so that durability to
| ong-term usage may be obtained. [0015] Also, as
descri bed above, as another aspect of the present
invention, a part of the intervals between the holl ow
I ber  nmenbrane_el enents to i ch the above-describ
e} eBfHn ST o nihis i preand B 1 b drn s g the
array direction of each of the hollow fiber menbrane
dhpkferd £dopot redesgagasliguigamixgdyElovhahigthepves upward
intervals. In this manner, to forma part of the
betweewatle beelleen fikehadmwdnderlemenraneatmmntthe
adjacent in the array direction of the hollow fiber
re&®idied e whietut €né @ cage t & trekso pint wiategRith Ak fihet area
intervals is also disclosed in the above-descri bed
of3indikth PReHABAEIRg i 19X3aPL 6w, HIPWBKEF10WREeohmEVaGiPward,
the di scl osure of the Patent Docunent 2, by providing
I QRr tedq L] ow
B S by hORLEURE Al IR ) eretore.
nerated . b he bubbles_fraomthe air _diffuser rapidly.
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_hol Il qw fi her nenbrane el enents interposing.the gap.
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element is efficiently scrubbed, and at the sane tine,
thestans itdmef a Rassolofdthet eepalues faesnpfbrakieach to the
surface is inhibited, and the filtration operation
hoklew dpider membrane element and the like, and a plurality of

porcus hollow fiber membranes are not bundled by the residues,
so that durability to long-term usage may be obtained.
[0015]

Also, as described above, as another aspect of the present
invention, a part of the intervals between the hollow fiber
membrane elements to which the above-described residue
eliminating mechanism lies adjacent in an array direction of
each of the hollow fiber membrane modules is formed so as to
be larger than other intervals. In this manner, to form a part
of the intervals between the hollow fiber membrane elements
adjacent in the array direction of the hollow fiber membrane
module so as to be simply larger than other intervals is also
disclosed in the above-described Patent Document 2, for example.
However, according to the disclosure of the Patent Document 2,

by providing an appropriate gap between the sheet-1like hollow

11



[0016] It is described that, when a di stance of the
gap is too small, a plurality of gas-liquid m xed
flows collide with each other and hardly nove upward,
the scrubbing of the hollow fiber nenbrane elenent is
not efficiently performed and a cleaning effect is
degraded, and when the distance of the gap is too

| arge, although the gas-liquid mxed flow rapidly
noves upward w thout resistance, this hardly contacts
with the hollow fiber nenbrane elenent, so that an

£ PHBE B8ty LI WO oAbt ALOEA, T b A on

arge intervdl in cumen
obt ai appropriate upward _flow of th as-1liquid ,
by St DIHRARS HHET & hendotn iy EEBREG, FRPRGLY, FOVSt | thward in
operation while achieving an air scrubbing effect and

thediagioe 9rp PRETARIAIgann the hald ovbhiked AgAbrage hkements
menbrane surface at the same tinme. [0017] On the other

inbedposingotih gar. afthesedegrer.i Hdd isspecd tdfatt Hdie hollow
present invention conforns to the above-descri bed

f Pa¢ e MembRadien@béme@nt g BAfithent Dy eramibbeel waed dthehe same
hol |l ow fi ber 12 nenbrane elenents is nmade | arger than

t fhéelay JHrYtUIrS ol thé 1 i RSEBLibNVEN tiHNmeBeah S WhtiEace
el i m nating mechani smarranges an interrupting nenber

car t I r i ; e

R SR s s T

[gﬁi% w fi ber nmenbrane el enents, thereby substantially
0

king the gas-liquid mxed flowto flowinto the
opent NG, Madd A tit CWhen'd Bsthice"o2 tHR' 688 1s too
small, a plurality of gas-liquid mixed flows collide with each
other and hardly move upward, the scrubbing ¢of the hollow fiber
membrane element is not efficiently performed and a cleaning
effect is degraded, and when the distance of the gap is too large,
although the gas-liquid mixed flow rapidly moves upward without
resistance, this hardly contacts with the hollow fiber membrane
element, so that an appropriate cleaning effect is not obtained.
That is to say, the large interval in the Patent Document
21is to obtain an appropriate upward flow of the gas-liquid mixed
flow, and to smoothly perform the filtration operation while
achieving an air scrubbing effect and inhibiting the absorption
of the contaminant to the membrane surface at the same time.
[0017]
On the other hand, although the above-described aspect
of the present invention conforms to the above-described Patent

Document 2 in that the interval between the hollow fiber

12



The interrupting nenber is conposed of an el ongated

pl ate nenber, and a space nay be provi ded between the
same and the opening. |In this case, the plate nenber
may be arranged so as to be inclined such that the
gas-liquid mxed flow flows to a plurality of hollow
fi ber nmenbrane el enents adjacent to the opening.
[0018] By such a configuration, the gas-liquid mxed
flow, which noves upward from bel ow the holl ow fi ber

menbrane nodule is gathered toward the hollow fiber
MEBFARG & IeMeRdft 4 SaPRdAgkr 3T Hm@thes: daptarsats. tip the

interrupting nmenber to flow between the hollow fiber
PResentdevendmiont. stha e giadng ieddimd naitiag mechanisminganges
bet ween the holl ow fiber nenbrane elenents in this
amdanTe T Isprdads meabkltcaraaggednderted lawea Bodnepeabnyef a
the interrupting member and while changing its

palf 66t 1 @le VAL OUS - fd DV tne @ HIOFddH B0\ fdtent
interval area. By a transverse flow and the upward

SHAQML Phicd Nty 1B SN2 fERIURS 1ML { QL pyget

stuck on the por ous rane an

(LN DR TR .eaﬁ'e Hﬁl‘?@a?f MG 184080 b6 Ao
f h haol | fib nb
tf?&tﬁﬁ%rlltngﬁm‘i@ﬁ s OFE GRS PBITHR LBLeFEBRCLRG member

hol | ow fi ber menbrane elenents _tend to get stuck on
The dNS6rsUB L RABAIMRITGHEF GAEIANSATOT FReelongisatpdatengyber.,
whi ch flows across the hollow fiber nmenbrane carries
al‘lf!heﬂ sPpsicgurey WaiRrovikded the tyeaestiek semet ard hblt¢ oypening.
Iiliﬁgs case, the plate member may be arranged so as to be
inclined such that the gas-liquid mixed flow flows to a
plurality of hollow fiber membrane elements adjacent to the
opening.
[0018]

By such a configuration, the gas-liquid mixed flow, which
moves upward from below the hollow fiber membrane module is
gathered toward the hollow fiber membrane elements arranged at
normal intervals by the interrgpting member to £flow between the
hollow fiber membrane elements. The gas-liquid mixed flow
flowing between the hollow fiber membrane elements in this
manner spreads to the large interval area formed above the
interrupting member and while changing its direction,
vigorously flows to a portion above the interval area. By a

transverse flow and the upward flow at that time, the residues,

which tend to get stuck on the porous hollow fiber membrane and

13



menbrane toward the large interval area fornmed above
the interrupting nenber, and carries the sane in the
flow, which vigorously noves upward in the interval
area to allow the sanme rapidly flow out of the holl ow
fi ber nmenbrane nodule. [0019] In a normal nenbrane
filter unit, periphery of the hollow fiber nenbrane
nodul e and the air diffuser arranged bel ow the sane
are enclosed by a wall material of which top and bottom

re opened. _The bubbl es generated fromthe di ffu
Bl S s i mOTBR e Seray SROVGHR FASLABCS | (AR tena

The m xed flow noves upward by passing through the
tobeosicl i Béfiadnbhrbnct o did bl - B12Rhe FRMITATITLEG Pudr of the
unit to flow out of an upper surface opening of the
hediliow dobes cewmbwand mbhdudetsi Ik Dhis hreaumer, fabiphough the
above, joins with the upward fl ow generated by the

reighldhes fneweagedetivesnt kbeahbldolf gseerf membaahet E0@ments
surface opening of the unit to nove upward inside the

tERID NGl Sk EkUBh 'th@ngorf)ﬁ‘snﬁoﬁ.ﬁgws‘ﬁhblelrn&efnbg ., the

vertlcally circulating inside and out of the ne rane

ans elrléléI %19%5 O@Pfﬁ&'ﬂ%&é"%@&o% {:ﬁgzl%lﬁ? XE%.tbe%‘nEnEm?Eane

ty I cal aspecC resent 1nven

rt.ion Mﬁth a.s rea m extendi n omnmar
et feEna U PEndt AT L SRR ORBIaE dik 6 (hte hq}pow £iver

downward flow flow_ng downward from above around the
meAbT apg dowar dofther AaTgendPra/E Vel pEcaudiormed ghave the
above-described gas-liquid mxed swirling flow
indeyaratiing spmbeds andtberskesttiporsaney in the flow, which

vigorously moves upward in the interval area to allow the same
rapidly flow out of the hollow fiber membrane module.
[0019])

In a normal membrane filter unit, periphery of the hollow
fiber membrane module and the air diffuser arranged below the
same are enclosed by a wall material of which top and bottom
are opened. The bubbles generated from the air diffuser moves
upward to form the mixed flow with the sludge. The mixed flow
movesupwardbypassingthroughthehollowfibernmmbranemodule
of the membrane filter unit to flow out of an upper surface
opening of the unit, moves downward the ocutside of the unit from
above, joins with the upward flow generated by the bubbles
released from the air diffuser from a bottom surface opening
of the unit to move upward inside the membrane filter unit, and
forms the swirling flow vertically circulating inside énd out

of the membrane filter unit by repeating them.

14



so as to be broaden toward the end; however, this

becones the wupward flow by being drawn to a center

portion of a bottom surface opening of the nenbrane

filter unit by the gas-liquid m xed upward flow

generated by the bubbles released fromthe air

di ffuser, so that the gas-liquid mxed flow nore than

that wthout the skirt portion is gathered to flowin

the hollow fiber nenbrane nodul e of the nmenbrane

filter unit. [0021] Therefore, a rate of the flow,

[@R2é1 passes through the hollow fiber nenbrane nodul e,

is increased, and the residues, which tend to get

st uckasnyé b eamaheanenpiehlt Aspeoduw £, ther prealelnawedvéntion,

flow upward with the mxed flowwth a flow rate of

whEﬁ a%ﬂra#&:ma&%imva tdpRadE He esdttendifly Bbfnward is
nmbr ane ter unit. Therefore, the resi dues, which

pgﬁ 1&% é OPh%hfom%ﬂn&?(getﬁ tq{‘nape e?":{%lf' lthgrdb'ﬁh%ard

Ifre y bundl e a

?hsgxp RS T P ety o Rl mdfatey of

Iong-tern1usage of the nmenbrane filter unit 15 is
tBRsHERRTaRBaRMALPE, UﬁﬁénlantgﬁtéHBVﬁgdP§ﬁ§FHegfgﬁﬁe11QU1d
skirt portion is shorter than 1 mm the gathered
mimednswdfrling fhHow-témpoxami keditewdd att dhessililct pagtion
the flow anount for elimnating the residues may not
sbeasbtaitebrodidem toward bha end; [lwweredt hathikDB@cones the
the fl ow anount of the surrounding gas-liquid m xed

ublawat 1 ieb g He@iedirdwn it00a bah8er piid ildieof lab t BdRYBEface
of the surrounding gas-liquid mxed flow may not be
opening of the membrane filter unit by the gas-liquid mixed
upward flow generated by the bubbles released from the air
diffuser, so that the gas-liquid mixed flow more than that
without the skirt portion is gathered to flow in the hollow fiber
membrane module of the membrane filter unit.

[0021]

Therefore, a rate of the flow, which passes through the
hollow fiber membrane module, is increased, and the residues,
which tend to get stuck on the component of the module, are
allowed to flow upward with the mixed flow with a flow rate of
the gas-liquid mixed flow to be carried out of the membrane
filter unit. Therefore, the residues, which get stuck on the
component of the membrane filter unit and solidified in the
ball-shape hardly bundle a plurality of porous hollow fiber

membranes and hardly attaches to the hollow fiber membrane

element, and the long-term usage of the membrane filter unit

15



gathered only by the upward flow of the gas-liquid

m xed flow by the noving-up of the bubbles generated
fromthe air diffuser, to the contrary, the flow
anount passing through the hollow fiber nmenbrane
nodul e does not reach the flow anount to carry away
the residues, so that the poor filtration due to the
resi dues easily occurs. Also, when an inclination angle
of the skirt portion relative to a vertical |ine
extending vertically dowward fromthe | ower end of
ishengaredratMedryhilke | adwen ganextiendépgekengtiheof the skirt
gat hered anount of the gas-liquid mxed flow is smal
pamd ibine iseshbtrties thist Antmingl ket gathanredaambhet of the
conventional one. Also, when this is larger than 70

g@e9NaeRid mikedb@uowdesciobedmaowvwand thewrdblhf dmEGEntNfor
various directions, so that the so-called swirling

e%%%%nkx&‘ﬂ%{ %%gr]‘?é:ﬁil%js may f5t POBBThEY . OATEE when this

FIG 1 1S a schematic configuration

di agram_of . a g%rane %ﬁ separatio cti.v F d_sl.udge..

¥ SSPRER, TRABRIA00a " SACCRaY REGOPang Tl P EerSEAPHRgHS
the present invention is applied. FIG 2.is a he 1
IS ARG B R F Kbt e SFRRTEA 4R 1R lagge. and the flow
~configuration of a normal nenbrane filter unit. FIG 3
amoug tn of's fdet surrevafisshepstildguig sisednglaw may not be
configuration exanple of a hollow fiber menbrane

geltbeaed beilygby atlvempwagrd fdowaokothevgds Hievquuahiniaed flow
nmodule. FIG 4 is a cubic diagram show ng an exanpl e of
biyhehd@olvAwg-up of the bubbles generated from the air diffuser,
to the contrary, the flow amount passing through the hollow
fiber membrane module does not reach the flow amount to carry
away the residues, so that the poor filtration due to the
residues easily occurs. Also, when an inclination angle of the
skirt portion relative to a vertical line extending vertically
downward from the lower end of the wall material is less than
10 degrees, the gathered amount of the gas-liquid mixed flow
is small and the result is substantially the same as the
conventional one. Also, when this is larger than 70 degrees,
the above-described downward flow diffuses in various

directions, so that the so-called swirling flow is not

generated.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

FIG. 1 is a schematic configuration diagram of a membrane

16



fi ber nmenbrane nodul e being one of conponents of the
menbrane filter unit being a first exanple of the
present invention. FIG 5 is a cubic diagramof an air
di ffuser being one of the conponents of the nenbrane
filter unit. FIG 6 is a cubic diagram schematically
showi ng an exanple of the hollow fiber nenbrane nodul e
bei ng a second exanple of the present invention. FlIG
7 is an external view schematically showi ng the

menbrane filter un't%n a third exanple of the ..
SEreERhton | AT TH ERIRIRNE G Rl NeRis 2

1 Fine screen 2 Raw water controlling tank 3 Anoxic
membrane Aek bEs ot ehieE MBRESReTT |dEre RN 15 @pplied.

Take-out site of circulated fluid 7 Treated water tank

8 Sl tffe &t dpagepambka DlHoprokes idhdrimdiegaas abdap entire

10 Hol | ow fi ber nenbrane elenent |0a Holl ow fiber
coefibganet 16y ¢bld avofmdEe rmemntbaresn ef £l eneninigr oup 11

Menbrane sheet Ila Potting nmateri al

FIG. 3 is a perspective view schematically showing a
configuration example of a hollow fiber membrane element being
a component of a hollow fiber membrane module.

FIG. 4 is a cubic diagram showing an example of the hollow
fiber membrane module being one of components of the membrane
filter unit being a first example of the present invention.

FIG. 5 is a cubic diagram of an air diffuser being one
of the components of the membrane filter unit.

FIG. 6 is a cubic diagram schematically showing an example
of the hollow fiber membrane module being a second example of
the present invention.

FIG. 7 is an external view schematically showing the

membrane filter unit being a third example of the present

invention,

EXPLANATIONS OF REFERENCE NUMERALS

1 Fine screen

2 Raw water controlling tank
3 Ancxic tank

4 Aeration tank

5 Membrane filter unit

17



12 Filtrate water take-out tube 12a Filtrate water
take-out opening 12b L-shaped joint 13 Lower frame 14
Vertical rod 15 Air diffuser 16 Air introducing pipe
(branching pipe line) 17 Diffusing pipe 18 Air main
pi pe 19 Open/cl ose valve 20 Upper wall material 21
Cat chnent header pipe 2la Catchnent opening 21b
L-shaped joint 21c Water intake 22 Suction pipe line
18 22a Branching pipe line 23 Open/close valve 24
Lower wall materi ale%ﬁ(Sk‘i rt portion) 24a Support columm
628 PlBa%e RNt f il @ iaiathtiHidrechani sm Pl
First fluid sending punp P2 Second fluid sendi ng punp
7Pv SutteatrepusrgteXx Riargt area (narrow gap area)

8 Sludge storage tank
9 Hollow fiber membrane module
10 Hollow fiber membrane element

1¢a Hollow fiber membrane

10g Hollow fiber membrane element group
11 Membrane sheet

1lla Potting material

12 Filtrate water take-out tube

12a Filtrate water take-out opening

12b L-shaped joint

13 Lower frame

14 Vertical rod

15 Air diffuser

le Air introducing pipe (branching pipe line)
17 Diffusing pipe

18 Air main pipe

19 Open/close valve

20 Upper wall material

21 Catchment header pipe

2la Catchment opening

21b L-shaped joint

21c Water intake

22 Suction pipe line
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B Second area (wide gap area) C Aeration bl ower BEST
MODES FOR CARRYI NG OQUT THE | NVENTI ON [ 0024)

Herei nafter, a preferred enbodi nent of the present
invention is specifically described based on a typica
exanple wth reference to drawings. Fig. 1 shows an
exanpl e of a schematic structure of an activated

sl udge treatnent apparatus to which a nenbrane filter
unit of the present invention is applied. [0025)
Accordin o _the actjyvate sludge treatnent apparatus,
Z%QSteaﬁ?ﬁFBngmP%B?e#}“?ron1mhich arelatively large
solid content is renoved by neans of a fine screen 1
23s | nPPBAELESe| HRAVE raw water controlling tank 2.
Herein, a fluid level is 19 neasured by a fluid | evel
2deasukovgrdealtemabersabwhskant pbetiéhhid [ evel in the
tank is controlled within a predeterm ned range by
2iqat er suppept wolLlinng of a first fluid sending punp P1.
The raw water sent by the first fluid sending punp P1

2iS | PLpeEUMBHDER! PralidnexkLihdAKt SngNHetNEALSH) €T ,
allowed to flow into an adjacent aeration tank 4 using

Lhe r t | .Qve ws fromthe anoxi c tank 3.
great nunber of nenbran ilter units 5 are arrange

P ?%&&@ngiulﬁ?58H%%R§ Eﬁkg.l . 4

p 0 asSto bg %gnersed i.n the aeration tank 4. Treated

t er °66P8Fn u69 ﬁ%ﬂgFﬂﬂepgﬁﬁaration into activated

sl udge and the treated water by the nenbrane filter
Pv Suction pump

A First area (narrow gap area)
B Second area (wide gap area)
c . Aeration blower

BEST MODES FOR CARRYING OUT THE INVENTION
[0024]

Hereinafter, a preferred embodiment of the present
invention is specifically described based on a typical example
with reference to drawings.

Fig. 1 shows an example of a schematic structure of an
activated sludge treatment apparatus to which a membrane filter
unit of the present invention is applied.

[0025]

According to the activate sludge treatment apparatus,
wastewater (raw water) from which a relatively large solid
content is removed by means of a fine screen 1 is introduced

into a raw water controlling tank 2. Herein, a fluid level is
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unit 5is sent to a treated water tank 7 by a suction
punp Pv. On the other hand, the solid content
(suspended natter) of the sludge grown by aeration
treatnment in the aeration tank 4 is deposited at a
bottom portion of the tank by its own weight, and
excess sludge is stored in a sludge storage tank B
Also, a part of the sludge in the aeration tank 4 is
returned to the above-described anoxic tank 3 by a

second .f]l ui d sendj P2 to circul ate.

MRAEORAANRY S S YRR RS Ep AP e, PORL SRV ugge e
treatment apparatus, the raw water is bial ogical

£ayics Leyepyint Hae akank altSe F N tFPdd &6h WiAE 18n6x PE efiahﬂrrsmed
and the aeration tank (aerobic tank) 4. Nitrogen is
reageveyl imteamddteaitl wdrkingidfi eafinst damiidr séndibng @ump P1.
reaction by circulating the sludge between the anoxic

Thenkad @aderheeaer 8y @het fiks4. £AQid20endgagi pumpt PEris
converted into a biochem cal oxygen demand(BOD) is

iderebiuedll ¥n X hdl #esk AN adRCPARASEL FEH il P¥18bked to £1low
di scharged froman air discharging unit of the

iHREPLA gdljhuaﬁ% HQ':Etﬁon""‘EbﬁE 2' EZ? Agahat -9y dayLee which

arrange e aeration tan phosphorous

bel i ntroduced i bod
%eg?ésraaﬁr & PG FER Hor i £ FEAE fpmber of; pRmBFane
m cr oor.gani sns (phosphorous accunulatrng bacterra{_

fﬁﬂrtﬁﬁeun%W%ég%reﬂ%%QﬁdoéPgi‘aﬁn onke 1MMegfsde b Hdre aeration
phosphorous in an aerobic state and rel ease the
taRssdhor Brsated uvat of cebtained bpomgmbrrreocteparafion into
anaer obi c state. When the phosphorous

activated sludge and the treated water by the membrane filter

unit 5 is sent to a treated water tank 7 by a suction pump Pv,.
On the other hand, the solid content (suspended matter) of the
sludge grown by aeration treatment in the aeration tank 4 is
deposited at a bottom portion of the tank by its own weight,
and excess sludge is stored in a sludge storage tank 8. &also,
a part of the sludge in the aeration tank 4 is returned to the
above-described anoxic tank 3 by a second fluid sending pump
P2 to circulate.

{0026]

According to this membrane separation activated sludge
treatment apparatus, the raw water is bioclogically purified by
the activated sludge in the anoxic tank 3 and the aeration tank
(aerobic tank) 4. Nitrogen is removed by a so-called
nitrification denitrification reaction by circulating the

sludge between the anoxic tank 3 and the aeration tank 4. An
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accumul ati ng bacteria are repeatedly exposed to the
anaerobic state and the aerobic state, they absorb
nore phosphorous in the aerobic state than the
phosphorous rel eased in the anaerobic state. [0027] A
part of nitrogen conpounds such as biol ogical excretion
and carcass is assimlated into plant and bacteria as a
fertilizer. Al so, apart of such nitrogen conpounds is
oxidized to a nitrous acid and a nitric acid by

aut ot.r ophj ¢ _ammoni a- Qxj di zi cter and aut ot r ophi
SR ORF o SRS Ba0 L1 5 AR el S DB EeB R\ 50D)
with high | evel of oxygen. On the other hand, under_an
iSnaRFORT ¢a v grdidddedi and decorpgsrd mad kb BY @ §hscharged
referred to as denitrifying bacteria generate the

firiony ou @ igcd tsdhargireunitraft theimenibr aoeatel bérumd t 5, which
oxygen, and further reduce the sane to dinitrogen

ioaaxadeagndn ndévdgearXarghal ibhither agdbation t&sictd .OnAlso,
is referred to as the above-described nitrification

pdR¥pgHdridusaliisORemdel BY- beli®@28htAbdiedahihke habkdy of
fron1mh|ch fluid sending is performed using the punp

s % h
"dge TR B R A L

af
"tl&rﬂ? isties (PRepbdons: a%?f@l@&@%ﬁ&gf PaRielundl iy’ the

P2 and is allowed to flow fromthe anOX|c tank 3
% etheTBSr'a%FBHOF%WS‘HSb&“Fﬁ%d'dG%rFP%V\P PRPRPFQUs 1in an

enbodi nent, DOC at a site at which
aerobic state and release the phosphorous accumulated in the

body thereof in an anaerobic state. When the phosphorous
accumulating bacteria are repeatedly exposed to the anaerobic
state and the aerobic state, they absorb more phosphorous in
the aerobic state than the phosphorous released in the anaerobic
state.
[0027]

A part of nitrogen compounds such as biological excretion
and carcass is assimilated into plant and bacteria as a
fertilizer. Also, apart of spch nitrogen compounds is oxidized
to a nitrous acid and a nitric acid by autotrophic
ammonia-oxidizing bacteria and autotrophic nitrite-oxidizing
bacteria under an aerobic condition with high level of oxygen.
On the other hand, under an anaerobic condition without oxygen,
microorganisms referred to as denitrifying bacteria generate
the nitrous acid from the nitric acid in place of the oxygen,

and further reduce the same to dinitrogen monoxide and nitrogen
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circulated fluid fromthe aeration tank 4 enters the
anoxic tank 3 is set to 0.2 ng/L or less, and/or, the
DOC at a site at which the circulated fluid is taken
out of the aeration tank 4 is set to 0.5 ng/L or |ess,
so that flow of dissolved oxygen in the anoxic tank 3
is inhibited and an anaerobi c degree in the anoxic
tank 3 is sufficiently maintained, thereby pronoting
rel ease of the phosphorous. [0029] Wen the dissolved

oxygen,. a nifrate iqon_and a nitrite iqn are n
IRED St ARt FEar T 2ee MinGREETERK 2, agngne
organic matter is anaerobjcally deconposed, and then,
abpge - pRFGHhBeP Hot FEL kGt ter iR B ekf 1¢A R RN RRAGTIOD | s
rel eased out of a bacteria cell as a phosphoric acid.
(9®28his enbodiment, it is preferable that the DOC at a
site at which circulated sludge is returned fromthe

aer atAbrhdwatk the aahkef amoxitidlamkKuid sendingeis tpe ¥ @rmed
ng/L or less, and renovability of the phosphorous is

udDhg i@ @phian noti fiecesbakiflly 26mhi€88, iANEhé héfrd®lation
further stabilized in a case of 0.05 ng/L or less, so

o%m hl?ﬁ%tﬂlfddes bfeﬁ%@%r thB' £h&% '@a%t%\eﬂﬂrai Lfe L0€a tank

e nmedsured using a nornma by a di aphragm

o T R Al R, £8P b P Clarinlar afl g e

the ¢ rcura f g “taken

oG8 oA SoRENAS T AL, PLEs kg Bl 558 M 1
aPlowel 0 %l From the anoxie tank 3 Into the acration tank
4 by the overflow. In this embodiment, DOC at a site at which
circulated fluid from the aeration tank 4 enters the anoxic tank
3 is set to 0.2 mg/L or less, and/or, the DOC at a site at which
the circulated £1luid is taken out of the aeration tank 4 is set
to 0.5 mg/L or less, so that flow of dissolved oxygen in the
anoxic tank 3 is inhibited and an anaerobic degree in the anoxic
tank 3 is sufficiently maintained, thereby promoting release
of the phosphorous.

{0029]

When the dissolved oxygen, a nitrate ion and a nitrite
ion are not substantially present in the anoxic tank 3, the
organic matter is anaerobically decomposed, and then, the
polyphosphoric acid accumulated in the bacteria is released out
of a bacteria cell as a phosphoric acid. In this embodiment,

it is preferable that the DOC at a site at which circulated sludge

is returned from the aeration tanmk 4 to the anoxic tank 3 is
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an, accumnul ating portion of the sludge. The

accunul ating portion of the sludge is intended to nean
the site, which is hardly affected by flow of the

sl udge by the aeration. For exanple, by providing a
space between the nmenbrane filter unit - 5 and the
bott om portion of the aeration tank 4, the sludge in a
portion bel ow the nenbrane filter unit 5 is not stirred

well, so that this becones the accunul ati ng portion.
0 T. h Fi, 9 «
sLPOZ0 TRSAF/OIE, (A5NUD LBnEl s by Dok BADL Mo

t 5, t th t t h th I
1?%%6@&@??3&5%&%%358' v By S L058, 478 1Rt Ffiiper

be set to 0.5 ng/L or |ess. Meanwhile, mhen a
spabihlzeg i a paFErehnd - OPINBIL aRilkesss apdhadr tahgdg fyrther
parallel in the aeration tank 4, the site at which the
préefenbbled Madnwiislawdgbpe DPCC dyeheawt assradusisigoa idmmal
23 aeration device. Also, it is preferable that the
Doi ihetat Wi ehdispersfndgbedt trod@kanethddi s | ocat ed bel ow
the nenbrane filter wunit 5 with a distance of 20 cm or
(bonger, and it is further preferable that the distance
is 30 cmor longer. [0032] The flow of the sludge in

the agH Allaar E@%‘étdfthé D%tCQttéf"Q% %b{StSval’ﬂf'&? tHBVEPfrculated

upwar along W th noving up o rom an air

epfhocts IR 4" 5A8 “Prig” Ahghenpaee st ﬁ%ﬁ%@% tfie® o/

Eortlon not aer at ed, reby. an entire sludge
t*??%d Afstﬂﬁ? ?Fﬁ% Vﬁhﬁ; e site at which the sludge is

taken out of the aeration tank 4 to the anoxic tank 3 is made
an accumulating portion of the sludge. The accumulating
portion of the sludge is intended to mean the site, which is
hardly affected by flow of the sludge by the aeration. For
example, by providing a space between the membrane filter unit
5 and the bottom portion of the aeration tank 4, the sludge in
a portion below the membrane filter unit 5 is not stirred well,
so that this becomes the accumulating portion.

[0031]

Therefore, as shown in Fig. 1, by taking out the sludge
from below the position of the membrane filter unit 5, the DOC
at the site 6 at which the circulated fluid (sludge) is taken
out of the aeration tank 4 may be set to 0.5 mg/L or less.
Meanwhile, when a plurality of membrane filter units 5 are
arranged in parallel in the aeration tank 4, the site at which

the circulated fluid (sludge) is taken out is set below the
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oxygen utilization rate (rr) of the sludge in the
aeration tank 4 is maintained high, the oxygen is
rapidly consuned in the portion not aerated, so that a
site at which the dissolved oxygen is |owered naybe
easily fornmed in the aeration tank 4. Herein, the
oxygen utilization rate (rr) of the sludge in the
aeration tank 4 is intended to nean the oxygen
utilization rate of the sludge taken fromthe aerated
portion of the aeration tank 4, and a neasurenent

adBh 006h [dariRyl. MRYsHe b5 V@?(Ef@f&ﬁ@'t‘ﬂgtt fhe tﬁeceSS‘E\@ﬁﬁLch
Test Met hod (Japan Sewage Associ ation, 1997)

t£903§3d£é gls“ aﬂ%n\%u% é.%pﬁ%éﬁg\cy}zggigyoéhgdnemg@éne fhllter
menbr ane filter unit i.ncl udes a hollow fib
uRbhy? et gt e I s éi’i @&’ & &Fr éﬂﬂﬂﬁﬁ ang b’F als thpriher
hol | ow fi ber menbrane el ements 10 of which hol | ow
Preferabbabihak thegdistrreRtivm <y en i k9ISL ar r anged
in 24 parallel and fixing the sane so as to support,
[@®32hn air diffuser 15 arranged bel ow the hol | ow fi ber
menbrane nodule 9 with a required interval
t her efigd Faer. ofl ktehol have fibhehendebi €ien teink®nis $Qchsthat
conposed such that an upper opening end of a holl ow

thé b@IuJ%@’QﬁcﬂF@s spRirdl hlidhgii¢h Ao9ifgt upusbebubles from

por ous Il ow fiber nmenbranes 10a are arranged in

alﬂ’% QI $§£1é§m§HHE9f tr?gntéyeref’téd %Bf@ign% ?lfn] ﬁ‘r%in%sx:%#g filter

as to"be 1n communication

oA T b o S S e
tttégé%oggfa?agﬁtflgétslf dérgtfélg%nlrrl'gdy T gcrhla)é talrr]n% b% Ign an
oxygen utilization rate (rr) of the sludge in the aeration tank
4 is maintained high, the oxygen is rapidly consumed in the
portion not aerated, so that a site at which the dissolved oxygen
is lowered may be easily formed in the aeration tank 4. Herein,
the oxygen utilization rate (rr) of the sludge in the aeration
tank 4 is intended to mean the oxygen utilization rate of the
sludge taken from the aerated portion of the aeration tank 4,
and a measurement method thereof may be obtained according to
the Sewage Test Method (Japan Sewage Works Association, 1997).
[0033}

Fig. 2 shows a typical example of a normal membrane filter
unit 5. As shown in this drawing, the membrane filter unit 5
includes a hollow fiber membrane module 9 obtained by arranging

a plurality of hollow fiber membrane elements 10 of which hollow

fiber membrane length direction is vertically arranged in
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filtrate water take-out pipe 12 and the |ower frane, 13
are supported by a pair of vertical rods 14. A great
nunber of hollow fiber menbrane el enments 10 are
accommodated in a substantial total volune of a
rectangul ar cylindrical upper wall material 20 of

whi ch upper and | ower end faces are opened and
supported in parallel with a sheet surface arranged
vertically [ 0034] Fbrein in the above-descri bed

hoII menbr el enent 10 ener
AT B RO Y SR FBA R 3P8 S Tmged ruser
|n paraIIeI on the sane _plane with sane gaps, as shown
1i5n arrgnged W@%@Véﬁhelﬁ°#HP§ g%?ﬁﬁl@em§§a§ﬁoWﬁduFﬁ Riyith a
3 and 4, a first area in which a predeterm ned nunber
reiquire dpdml@gwadl thgrebedéwesnnbr Bheshabhowr £1ikey apeferane
with a narrow gap is fornmed, thereafter the first area
eillemainitcho tilseco@po sadreuchntieat ah W hee popeningotndwifa heil low
menbranes 10a are arranged with the same narrow gap is

figetredembtin@ shREANTU1 alreah i ¥hid geB@Mmuride b £igPodd 801 low
above-descri bed gap i nterposed between the first

f?g%%:gehﬁﬁgngﬁ 188c9pd fogn%é&h%ﬁrg%féﬁiﬂﬁ.1&?@ orted by

ey are repeat arge gap conpdses
TAISREALE FAISE TR PROBR £40 LS PEET Egpunscation
w&tg‘b;lb%graﬁﬁﬁ ﬁggrpq}:f Inegcgatnggg]lllan ;TO%ve%Xgng t%ereof
is blocked and supported to be fixed by a lower frame 13 through
the potting material 1la similarly, and both ends of the
filtrate water take-out pipe 12 and the lower frame 13 are
supported by a pair of vertical rods 14. A great number of
hollow fiber membrane elements 10 are accommodated in a
substantial total volume of a rectangular cylindrical upper
wall material 20 of which upper and lower end faces are opened
and supported in parallel with a sheet surface arranged
vertically.
[0034]

Herein, in the above-described hollow fiber membrane
element 10, in general, a great number of porous hollow fiber
membranes are arranged in parallel on the same plane with same
gaps, as shown in Fig. 2; however, in this example, as shown
in Figs. 3 and 4, a first area in which a predetermined number

of the porous hollow fiber membranes 10a are arranged with a

narrow gap is formed, thereafter the first area in which the
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pol yvi nyl i dene-fl uoride (PVDF), which is hollowin a

l ength direction thereof along a center portion, is
used as the hollow fiber nmenbrane 10a, and a pore

di aneter of a filter pore thereof is 0.4 dam Also, an
effective nenbrane area per sheet is 25M2. 20
sheet-1i ke hollow fiber nenbrane el enents 10 are used
for each nenbrane filter unit 5, and a size thereof is
30 M in depth, 1250 mmin mﬁdth and 2000 nmin |l ength

an p f f trate er tak out
sgiBaniBopEPgE) e, BEEppS ablion: ioFh P fne e re
si ze of one nbr ane fllter unit 5 |nclud|n the air
ayrppged Wy jtne §8BecnaEr o qfdhiss, Fe4Bed i th & fpgpRd area
and 3043.5 mmin height. The above-described filtrate
widhep samelégseﬁipaanzthg abgve nde s arieadt aapntn exre $5d
ABS resin, and a material of the vertical rod 14 is
bgpEaen. tikesHirsnh diheas| [thest rditce seeoaiplageaawtibhathe large
nunber of the porous hollow fiber nenbranes 10a

gabl a80eskned Weerd theyf hkbroépeabé@l tmlke-10HgePgap cdbposes
12 and the lower frane 13 is 1575, and they are divided

a' PebDEgE e PNHHANCI S8 GTRIKhA €3S RANRT ptrR&ehd’ 98vEAPi8hCFfor
formed every 525 porous holl ow fi ber "nenbranes 10a as

eﬁgﬁwﬂaltgnghges§ ugEeFL‘g#lg?ﬁeﬁi‘Befs £ b??‘o%.&?xlqg%}ld a paper

wever, er|a orous
nenbrane 10a, the filtrate water take-out pipe 12 and
PeR&Cvertical rod 14, the size of the hollow fiber
nenbrane el enent 10, the size of one nenbrane filter
[883P )5 and the nunber of hollow fiber nenbrane

el ements 10 per one unit may be variably changed
In this example, a porous hollow fiber of

polyvinylidene-fluoride (PVDF)}, which is hollow in a length
direction thereof along a center portion, is used as the hollow
fiber membrane 10a, and a pore diameter of a filter pore thereof
is 0.4 pm. Also, an effective membrane area per sheet is 25m®.
20 sheet-1like hollow fiber membrane elements 10 are used for
each membrane filter unit 5, and a size thereof is 30 mm in depth,
1250 mm in width and 2000 mm in length from an upper surface
of the filtrate water take-out pipe 12 to a lower surface of
the lower frame 13. A size of one membrane filter unit 5

including the air diffuser 15 is 1552.5 mm in depth, 1447 mm
in v;vidth and 3043.5 mm in height. The above-described filtrate
water take-out pipe 12 is 1280 mm in length and made of ABS resin,
and a material of the vertical rod 14 is SUS304. Also, in the
illustrated example, a total number of the porous hollow fiber

membranes 10a arranged between the filtrate water take-out pipe
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according to intended purposes. For exanple, the nunber
of the hollow fiber nenbrane el enents 10 may be
optionally set to 20, 40, and 60 and so on
corresponding to throughput, or as the material of the
porous hol |l ow fi ber nmenbrane 10a, conventionally known
materials such as a cellulosic material, a polyolefin
material, a polysulfone nmaterial, a polyvinyl

al coholic material, polynethylnmethacryl ate and

0 I -fluqrid appl ked. 37 .
1PLE e Eiet AU S3 Y a7 s ey, P iy fheg in tnree

ohtai ned b iltratjon,b ac orous holl aow fi ber
R B R Creaf hLS T B4y BRp e Formed bvery 525

above-described filtrate water take-out pipe 12 of
PeREHSHR Y I fiBer masiianes dPemmehepn mFighi%. The large
exanpl e, an L-shaped joint 12b is liquid tightly
gapt ash@d mmo each take-out opening 12a by neans of a
sealing material as 27 in the nmenbrane filter unit 5
(ebevm in Fig. 2. Also, a catchnent header pipe 21 is
| aterally arranged al ong an end edge of an upper end

of thgoRdeye: 4aeChi PEF1 APRAT t Meldo risehb 8l 0@ & i¥e rBmembrane
side on which the take-out opening 12a is formed. In

1bge tfat td'6A1%T RLRE St iggtff‘%gﬁttgx%g%%i@%f rod

I's formed on each position corfespondin
lugality of _the take-out . openings_l2a,.and .
1B, Fip s en e g 5B PraBEape a iRy e size
gpening 12a is liquid tightly attached to each )
ofafRf ﬁ‘f‘bﬁ?a%%i%lq'i‘i% Hy* G then aumdsri R hehbey fiber
The treated water take-out opening 12a of the filtrate
mgppgane elements 10 per one unit may be variably changed

according to intended purposes. For example, the number of the
hollow fiber membrane elements 10 may be optionally set to 20,
40, and 60 and so on corresponding to throughput, or as the
material of the porous hollow fiber membrane 10a,
conventionally known materials such as a cellulosic material,
a polyolefin material, a polysulfone material, a polyvinyl
alcoholic material, polymethylmethacrylate and
polyethylene-fluoride may be applied.

[0037]

A take-out opening 1l2a of high quality treated water
obtained by filtration by each porous hollow fiber membrane 10a
is formed on one end of the above-described filtrate water
take-out pipe 12 of each hollow fiber membrane element 10. In
this example, an L-shaped joint 12b is liquid tightly attached

to each take-out opening l2a by means of a sealing material as
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t ake-out pipe 12 and the catchnment opening 2la of the
catchnent header pipe 21 are coupled to each other
such that water may pass therethrough by connecting
the L-shaped joints 12b and 21b attached thereto. A
wat er intake 21c connected to the suction punp Pv
through a suction pipe line 22 is formed on one end of
t he catchnment header pipe 21. The water intake 21c
fornmed for each catchnent header pipe 21 and the

iR 4Rk rﬁ’élntl%eﬂ?e Ei N@ 225 SHUWR & Etﬂ; each pIPer alduiient

an open/cl ose valve 23 disposed in branchlng pi pe

byl YA RO oS B A% d Rl of on
um&% ik B shege 3 sariBrc: B%grsﬁﬁwagit%ﬁm@f 20 on a
opened, which is %O|ned to a lower end of the up

|0w1&¢1a|t12@ R Qut PRIk i5 Hawngd xeént &hg
bottom 28 portion of a lower wall material 24 provided
cakchménmu hesadiggoptipecdl unsa2thmexteppéngng Adanasdt droed on
| ower ends of four corners thereof. The air diffuser
edbh i podiot i arond @t 1 ¢ys oridiTae ot o na gp Lwralt it yligfecihieort e editmt
an inner wall surface of a front side of the | ower

o¥&h{ng@tierd ahna4anandsrmgfecﬁrjoalnrt bDbr SHWC1AE 1 RBat of the

(branchi ng pipe |ine) connected to an externally

t%ﬁl%_a pl £@+Pﬂ€ {a Jéﬁf usi ng p%@? arranged c9 eaJCh

h dlrectJo the alr i du0|n
%gr anc o enin thsb J]f afljlgfnl? embe

pip Ilne) rede &F erval’s

Wt h ne end fixed and the other end horizont al
treateé) water take-out opening 12a of the flltraté/ water

take-out pipe 12 and the catchment opening 21a of the catchment
header pipe 21 are coupled to each other such that water may
pass therethrough by connecting the L-shaped joints 12b and 21b
attached thereto. A water intake 21lc connected to the suction
pump Pv through a suctiocon pipe line 22 is formed on cone end of
the catchment header pipe 21. The water intake 21c formed for
each catchment header pipe 21 and the suction pipe line 22 are
coupled to each other through an open/close valve 23 disposed
in a branching pipe line 22a branched from the suction pipe line
22 as shown in Fig. 1.
[0038]

On the other hand, as shown in Fig. 5, the air diffuser
15 is formed of a similar rectangular cylinder of which top and
bottom are opened, which is joined to a lower end of the upper

wall material 20, and is accommodated in and fixed to a bottom
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fixed along an inner wall surface on a rear surface

side. An end of the diffusing pipe 17 on a side

connected to the air introducing pipe (branching pipe

line) 16 conmunicates with an inner side of the air

i ntroduci ng pi pe (branching pipe line) 16, and the

ot her end of the diffusing pipe 17 is blocked. [0039]

According to an illustrated exanple, a nain body of the

di ffusing pipe 17 is conposed of a rubber pipe with

. . ¢ : . . . ¢

pottlon ¥g fofed ydl, paetianoh REGAIRATR PO Shoport
d.on a_hori.zontal | arranged | ower surface. The
A BrP9RF 89 iyl RO Fancinds o Fhur itmers

end of the above-described hallow nenbrane el enent 10
thexechin iThcedid ddftrsedmladd horigopdsllypestepdgd in a

the support columms 24a are protruded downward fromthe
widtkedivgdtion alpab 24 imneye waldosuvdfaget v afirongeside of

order 29 to allow the sludge to snoothly flow At that
the nkowen willermateris®el 24he NI lads tdre it eratrodhicing hpeipe

circulated fluid (sludge) is taken out of the aeration

(bBaKcHing Pige NW/e )0 6l eoanethed $bt &naéxticdlipearranged
sludge is taken out is preferably |ocated bel ow the

b IBHEE A& hirolub a Y pe A Mshdwn@ndk 8§ ANCE fq A0p £ Qlity of

longer, and”it is Turther preferable that the distance

[ . Iy r i he €, h j .
alfpiaLd Blpe o wrrahes Y A, A" 2elaghc i o8P ah B e our
.as_to correspond to each of a pluraljt of menbrane .
LETFORPCThY (R1BE Uprating aihe hite biTh 4t RrdRigirined
.connected to an aeration blower C for branching the air
1%Eﬁfvals with one end fixed and the other end horizontally

4Py

fixed along an inner wall surface on a rear surface side. An
end of the diffusing pipe 17 on a side connected to the air
introducing pipe (branching pipe line)} 16 communicates with an
inner side of the air introducing pipe (branching pipe line)
16, and the other end of the diffusing pipe 17 is blocked.
[0039]

According to an illustrated example, a main body of the
diffusing pipe 17 is composed of a rubber pipe with slit, and
a slit not shown, which communicates with inside and outside
along a length direction thereof is formed on a horizontally
arranged lower surface. The air diffuser 15 is preferably
arranged below the lower end of the above-described hollow
membrane element 10 with an interval of 45 cm, and it is desirable
that the support columns 24a are protruded downward from the

lower wall material 24 to be exposed to the outside in order
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fromthe sanme aeration blower C to each air diffuser

15, and is connected fromthe sane air main pipe 18
through the air introducing pipe (branching pipe |ine)
16 of each air diffuser 15. (0040] In a case in which
a plurality of second areas B having a large gap S are
provi ded between first areas Awith the narrow gap in
whi ch a predeterm ned nunber of porous hollow fiber
menbranes 10a are arranged in parallel with the narrow

t&a%bldé‘ t%&%lﬁﬁb%o%fénﬁ@étmﬁf e'A%g’gHBtlngé‘S 10%raer

rane ['ter uni t trat exanpl e

[ e above-descri bed confi X ,

el EFE R AY, PG SRR o eﬁﬁ%l%%%?@&la (huage)
released fron1the air diffuser 15 and the slu

15 ETRRR LU e PSRN ARy LBnD cb dnaRL | Hackess . ¢
space of the hollow fiber nmenbrane nodule 9 of the

s hegrigtaneiclsgheid fusigeyhs ttaden pet despreterailh lasatpd below
fiber and hair or the fiber yarn and the paper piece

tine xethbiraine fheteasmiitgbivi th ther@istamve ofl 30 canberldrdwer,
i nner space of the hollow fiber nmenbrane nodule 9.

an8041] s e helep ot d Pp 14 Baha LM daBe aakceeNBodm bialonger
time is conposed of the porous hollow fiber nmenbranes

a@%k@@@@%édbbéﬁﬁalhﬂ%&MEﬂeb@%ﬁif@ﬁs@?ﬁ%%ﬁﬁﬁ%@iﬂftb%hls

he conventi case t he residues, which enter

e:@z%]]g) Jh§ Fl?‘ ggr ggeag‘rct%u r%{aﬁggphe{lo gaeatchsglfcg ﬁhxtelﬁty

por e ane

he

of membrane filter units 5, and has an air main pipe 18 directly
connected to an aeration blower C for branching the air sent
from the same aeration blower C to each air diffuser 15, and
is connected from the same air main pipe 18 through the air
introducing pipe (branching pipe line) 16 of each air diffuser
15.
[0040]

In a case in which a plurality of second areas B having
a large gap S are provided between first areas A with the narrow
gap in which a predetermined number of porous hollow fiber
membranes 10a are arranged in parallel with the narrow gap, in
the hollow fiber membrane element 10, as the membrane filter
unit in the illustrated example provided with the
above-described configuration also, when a gas-ligquid mixed
flow of minute bubbles released from the air diffuser 15 and
the sludge includes the same to move upwardly enters an inner

space of the hollow fiber membrane module 9 of the membrane
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frame, the filtrate water take-out pipe 12 and the |ike
to tightly bundle a plurality of surroundi ng porous
hol | ow fi ber nenbranes, or the residues are often
collected to entwine with each other and are attached
to a nmenbrane surface of the hollow fiber nenbrane
element 10 in a state solidified into a ball-shape. A
fl ow anbunt of the gas-liquid mxed flow, which flows
bet ween each of the nenbrane el enents in the holl ow
f{_ipgf I{ﬁ'%' a'tl. gr@gggﬁugs' uJ:ﬁ‘rQ@ méeftl%e Eﬁh TAéY?lé(r the
arge space, nost the entire flow direct
t owar d the ortiqQn of.th
£1BeRreTs 2 H o e S e o, 2% aassiefs%“@ rfigTe
the gas-liquid m xed flom10ften:%et stu

E19Y1 (1% AT FARCIBOET pFRRC D thenho] St Lher pembrane

the like. On the other hand, in the gas-liquid m xed
medake HShich flows through a little space between

adj acent porous hollow fiber nenbranes, a flowin a
[@0&33ing directionis little in 31 the above-descri bed

first area A having the narrow gaps and this becones a

di st uhad fHeoWaluew & it heabranebylsmetlbbafgthet vesie is
t he adj acent porous hollow fiber nenbranes, and the

c6ﬁﬁb§8§sofn%%€dpbf%&btﬂélﬂ@§ fi@é&chéﬂﬁ%ﬁhéécﬁ¥fﬁhﬁéd'ln
I ow, which lacks direction, to get stuck on “any

pQI-aifgl % g:tjcﬂ%} gg#% gggl%soys bgﬁe 15! eﬁ@‘i%nalhée?se

OoCccurs repe residues entwn

S e BB 0 BB e e Szl
ogggx?rgaente%tu}:?cogr% the porous hollow fiber membrane, the lower
frame, the filtrate water take-out pipe 12 and the like to
tightly bundle a plurality of surrounding porous hollow fiber
membranes, or the residues are often collected to entwine with
each other and are attached to a membrane surface of the hollow
fiber membrane element 10 in a state solidified into a
ball-shape. A flow amount of the gas-liquid mixed flow, which
flows between each of the membrane elements in the ﬁollow fiber
membrane module 9 is large due to a relatively large space, and
almost the entire flow directly flows toward the upper portion
of the hollow fiber membrane module 9 as an upward flow and the
residues mixed into the gas-liquid mixed flow often get stuck
on the filtrate water take-out pipe 12_on the upper end and the
like. On the other hand, in the gas-liquid mixed flow, which

flows through a little space between adjacent porous hollow

fiber membranes, a flow in a crossing direction is little in
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When the residues get stuck to bundle a plurality of
porous hollow fiber nenbranes 10a in this manner, the
hol |l ow fi ber nenbranes 10a stick tightly to each other
to block the filter pore of the hollow fiber nenbrane,
so that filtration performance is significantly
degraded and the excess sludge flows out of the tank.
Al so, as descri bed above, when a mass of the residues
is formed and is attached to the nmenbrane surface,

tltxgi %o@esiglegltc%ﬁlﬁéduf’ifgfa%!elatﬁfﬁasqgg ﬂ{e BQg:GQ‘ éé’ﬁ!‘é Bhﬁet.rhis

nmenbr ane, ereby significant gradi ng the

filtration perfo nce 0043]. t.he ot her nd,
oekont §m Al il FRPHetE OP SRR B SR DR Pgebetween

gas-liquid mxed flow tends to nove upward b maki ng.
theadipgent Ragors neltow é&ﬁ@éhWFBHEPnéﬁseaP% Bhe pgeldues

of the second area B having the large interval between
miked befacdrs dadHlowUshidaixeshiflanemevendnt the0f lewe which

second area B 32 with the large gap is forned between

1laddes ahimetdiescr theget igtaick ancasy At thehsabrbhading porous
predet er mi ned nunber of porous hollow fiber nmenbranes

hd DBl £iBéF anaRsrame Par alniel oddutd e pearte@yyda R nef
each holl ow fi ber nmenbrane el ement 10, so that the

tﬁé‘f@gf{éPWth%ﬁiéﬁ%%ﬁtﬁi@ngﬂﬁ“@ﬁg &Hr%@ﬁnhi’ﬁgg_porous

space between the ho nmenbrane el enents S

X I t i
nGLRORFC, heflraRER Ry PRy BlnaSbad SN b porous
d,. |t, the disturbed fl ted i
n¢BL8Y e 4655 T8t aun tovard the f1ow whi ch {1 ows
across obliquely upward, thereby formng a flow, which

(99894 across

When the residues get stuck to bundle a plurality of porous
hollow fiber membranes 10a in this manner, the hollow fiber
membranes l0a stick tightly to each other to block the filter
pore of the hollow fiber membrane, so that filtration
performance 1is significantly degraded and the excess sludge
flows out of the tank. Alsc, as described above, when a mass
of the residues is formed and is attached to the membrane surface,
this also blocks up the filter pore of the hollow fiber membrane,
thereby significantly degrading the filtration performance.
(00431

On the other hand, according to the illustrated example,
although the gas-liquid mixed flow tends to move upward by
making the large flow as in the conventional case in a space
of the second area B having the large interval between the

adjacent hollow fiber membrane elements 10, the second area B
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each porous hol |l ow fi ber nenbrane 10a. As a result, the
resi dues, which tend to get stuck on the porous hol | ow
fi ber nmenbrane 10a, for exanple, are carried by the
flow, which flows across the porous hollow fiber
menbrane 10a, and is allowed to flowin the sane
direction, so that they do not get stuck on the porous
hol | ow fi ber nenbrane 10a. Therefore, the filter pore
of the porous hollow fiber nenbrane 10a is not bl ocked

w thteolﬁﬁ%gféeﬁ?tis%ohhgd MEStHGS thaNgbbPR0ad SEM HSAUS rst
the ne [ 0044]

of rane filter unit 5 becones possible.

' 6, tvpi.cal f .

afeds Ao ARYRa Sl PR ERe SRR R A AN of BT BB fiper
tfﬁkﬁhOllOleiber menbr ane el enents. of, the hol |l ow fi ber

meptnER L agrea5Tarde Aot Rtk e’ gBEh“BJF hey gap of
but a part of the intervals is made wider as in the

eaeh hodflovhE1hpsveereErie fdemedd Pt es® haduitBat 12rgde drlow,
exanple. In the present invention, the part of the

whitketealds betfleenupkerddin btie flidge spabe et weeanthediollow
is made wi der than other intervals, and further an

f il ewdlriang e DEHERts 1D Asrangofedt oaf l owalcreind opnedathnd
of a large section forned by the wide interval so as

at@a IDUHRIVIY thee m?el 'gafbi dorfby¥etetir@dn ¥HECHiPBYESreas A
upward from bel ow. [0045] According to the illustrated

CELETLSY SYPIP! Pk TRIOERS Lo EANE qpnorates
1AL £r o £ NG RPK 1 LhBLA GWER T2 808" Sl 1848 hross
obliquely upward, thereby forming a flow, which flows across
each porous hollow fiber membrane l0a. As a result, the
residues, which tend to get stuck on the porous hollow fiber
membrane 10a, for example, are carried by the flow, which f£lows
across the porous hollow fiber membrane 10a, and is allowed to
flow in the same direction, so that they do not get stuck on
the porous hollow fiber membrane 10a. Therefore, the filter
pore of the porous hollow fiber membrane 10a is not blocked due
to an effect of the residues, and long-termusage of the membrane
filter unit 5 becomes possible.

[0044]

Fig. & shows a typical second example of the present
invention. According to this drawing, intervals between the
hollow fiber membrane elements of the hollow fiber membrane
module 9 are not made equal to each other, but a part of the

intervals is made wider as in the case of the above-described
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opposi ng end edges of each |ower frane 13 of the holl ow
fiber nmenbrane elenents 10 arranged with the interval,
which forms a wide interval, therebetween. At that
time, the opposing end edge of each plate nmenber 28 is
slightly inclined downward from a fixed end edge and a
slight space is forned between tip end opposing edges.
[0046] In the nenbrane filter unit 5 according to the
second exanple provided with such a configuration, the
gas-liquid mxed flow, which flows upward from bel ow

PAPEN P UdUtPer £IB EX=AA JTOA ] 6t 15k PRI t2ihQ¥REion, the

surface of the hollow fiber nmnenbrane nodule 9 is

p§9{5 to%dtﬁé) 1??&?v59%&v?é’édﬁgﬂgéﬁ%ﬂtloqpk h%\ff' me}'n%?rane e ements

nbrane el ement grou he parr- o ate ne
not rectl ent.er th nterv
Rttt 9ﬁ eﬁm%%mlb%raﬂ@#}%ﬁ@%ﬁaﬁea’ieﬂ’i@twg
Therefore in 34 the gas-liquid mxed flow entering
meRReR ol § AFFINEFA (RINEY gﬁé’erepéﬂeﬁi’eﬁl’-l}apﬁcﬁ IR e‘?ﬁCtlon

to the wide interval space, the gas-liquid m xed flow
fepreddbh\thehwigeaintacvbirso 26 jtoi Ao temrupdidihe cgagoliquid

the gas-liquid mxed flow, which flows upward from
mbeédwnf1dre, othichy hobes uwpwndordnerah emehdw gr oup 10g.

[0047] The residues as descri bed above are m xed into
(bbes]gas-liquid mxed flow, which enters each holl ow

fi ber menbrane elenment group Qg in this manner. Wen

the gassdigiuid EB &tk {106 el ot | &SI SHiRSted plate
enters each hol | ow fi ber nenbrane
members 28 in pair are adopted as the interrupting member. In
the second example, the pair of plate members 28 are fixed along
opposing end edges of each lower frame 13 of the hollow fiber
membrane elements 10 arranged with the interval, which forms
a wide interval, therebetween. At that time, the opposing end
edge of each plate member 28 is slightly inclined downward from
a fixed end edge and a slight space is formed between tip end
opposing edges.
[0046]

In the membrane filter unit 5 according to the second
example provided with such a configuration, the gas-liquid
mixed flow, which flows upward from below the hollow fiber
membrane module 9 toward a lower surface of the hollow fiber
membrane module 9 is sorted to move toward an adjacent hollow
fiber membrane element group 10g by the pair of plate members

28, and does not directly enter the wide interval space formed

between the hollow fiber membrane elements 10. Therefore, in
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el ement group 10g, an obliquely upward fl ow, which
strongly flows toward the wi de interval space forned
above the plate nenbers 28 is forned. Therefore, as in
the case of the above-described first exanple, the
residues mxed into the gas-liquid mxed flowtend to
get stuck on the porous hollow fiber nenbrane 10a and
t he nenbrane surface on the way; however, they are
guided to the wi de gap space without getting stuck due

th@ é@@ 1000 iy fidialdnterdnyg ¢dealBY oY ribErfhéMbrane
elimnated froma portion above the hollow fiber

Tﬁug@fﬁgngran ;lﬁgtgdBQcQH{S’gge Rk H‘&eﬁ‘fﬁiez‘%fré cé’,f the

unr t ares
h b d bed the filt
988 ThEU AR Ty eps 2R hEnEDa el A rq%gnbﬁaserzgf’ﬁééaa in
due to the effect of the residues, so that

th
afigitionrtn theagasot igned Minthdhdomi I‘t"é%c%lﬁlto"%? HewaFrestrom

possible. [0048] 35 Fig. 7 shows an external view of
behewnthir haélev| febennpembsanei aheneny pixedpt higd
exanpl e of the present invention. In this exanple, as
[D84Rdsi |y understood fromthe draw ng, the
above-descri bed | ower wall material 24 arranged around

the arfie dediaves 45 @dsé¢hppre®rdbiene did teixdiin€o the
forms a skirt portion spreading dowward. The skirt

gagtiheﬁlﬁqﬁﬂ%&s@%lbbﬁ x[rﬁf'é:ﬁlé%te%'é BhBAHJA S EhBRISHeRbrane
the present invention. Qher configuration iIs

e%%nﬂ %l@néf?‘h%y16$ 1&%53%{%{&%&0”%%' ?ﬁ@l as- llﬂuid mixed
gu t goes w sayl ng at any 0

fl(lrﬁv :bréc %%Jég:theogsés?.]:iutegeelfl g%é gapc %xgn‘gl membrane
element group 10g, an obliquely upward flow, which strongly
flows toward the wide interval space formed above the plate
members 28 is formed. Therefore, as in the case of the
above-described first example, the residues mixed into the
gas-liquid mixed flow tend to get stuck on the porous hollow
fiber membrane 10a and the membrane surface on the way; however,
they are guided to the wide gap space without getting stuck due
to the strong flow, finally carried above by the flow, and
eliminated froma portion above the hollow fiber membrane module
9 to outside of the wall material of the membrane filter unit
5. As a result, as in the case of the above-described example,
the filter pore of the porous hollow fiber membrane 10a is not
clogged due to the effect of the residues, so that the long-term

usage of the membrane filter unit 5 becomes possible.

f0048]
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or both of them may be sinultaneously adopted. [0049]
In this manner, by formng the |ower end of the
menbrane filter unit 5 as the skirt portion, although
the gas-liquid mxed flow in which the bubbles flow ng
downward the outer side of the upper wall material 20
are mxed tenporarily flows in a diffusing direction
along the skirt portion, the flow, which goes over the
skirt portion, is gathered froman enlarged skirt

| overg £0d 7248w Ch:ﬁ@x&@!&ﬁél%f’&v R BRE G:Qanﬁ:ﬁaé/i{é BY1%B® unit
upward ~flow of the gas-liquid mxed flow generated by

' gy e b e
5'@¥+€§er ‘Ef% scRdr spied sRarkEt SR Shd BRFest: Bhventiense 10
Llter t hereb eneratin e _anount of
thht SEalPHu; 20t cOnPF bl SRAEE S o R B aF difqebho . the
flows_into the |ower end of the hollow fiber nmenbrane
ahpyar desor ghedpicteoparilmateeka bl 4 AErppged agpund the air
smaller than that 36 of the skirt portion. As a
diéfuber ldfs ofobipameshbiranehéibbabramit 5 forms aiskiirt portion
wi thout the skirt portion, the flow anount fl ow ng

sppeading ndéwewaod | owHd i re pymieomudupddess the residue
i ncreased, so that a scrubbing effect of the holl ow

elhﬁﬁﬁaﬂfﬂ@rﬁé§h8h§§ﬁnéf19hé5pré§@ﬁ@V§ﬁv@ﬂﬂléﬁe Rgiedues
m xed into the gas-liquid mxed flow may be surely

cBRh¥¢E uré@é?nrféugﬁbsﬁéntfaiff fRSC; Qhe tHE tﬁ@ot\!@nventlonal

- des rst and second exanples,a long-11f

EP{;QF& {ulxl teft engtphl LPch real I Z%:q’lat{i OS(O%OH)% er" the

en an- ext ending G Pot

configurations of the first and second examples may be adopted,
or both of them may be simultanecusly adopted.
[0049]

In this manner, by forming the lower end of the membrane
filter unit 5 as the skirt portion, although the gas-liquid
mixed flow in which the bubbles flowing downward the ocuter side
of the upper wall material 20 are mixed temporarily flows in
a diffusing direction along the skirt portion, the flow, which
goes over the skirt portion, is gathered from an enlarged skirt
lower end edge to an inner side by being drawn by the upward
flow of the gas-liquid mixed flow generated by moving up of the
bubbles released from the air diffuser 15 installed on the lower
end of the membrane filter unit 5, thereby generating a large
amount of the gas-liquid mixed flow. The gathered upward flow
flows into the lower end of the hollow fiber membrane module

9 of which opening area of the lower end is smaller than that
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a horizontal direction is made shorter than 1 nm a
gathered anount of the gas-liquid m xed flow
substantially is very little, and the flow anmount w ||
not increase as nuch as to elimnate the residues.
Al so, when this becones |onger than 1000 mm the flow
anount of the surrounding gas-liquid mxed flow to be
gathered is too large, so that the flow anmount of the
surrounding gas-liquid mxed flow may not be gathered
oPnihe Byithepspressl. oW Mdsdie, gascbmpiiéd i edefha@brane
by the noving up of the bubbles generated by the air

fﬁl)f:éﬁstﬁ{lt W2 th3G tCPRL rad Mot %B%tg.ﬁﬁ | ’cﬂé“ omhmsqnftl £Ybwing

passes through the In si dé of e hol

{)wggé megpé Qﬁl ?ﬁlger.g a%%tqlég\? ‘I?ﬁ tshlen%ﬁ?asgﬁm othat

SUre) carr e Fedi% ues ou
poor f||trat|on due . to the residues easily occurs.

2 jFHIORRG, eff SGTc PEnERPOROLhEY & 1Rphmembrang plepspti b 1s
relative to a vertical line extending vertically

igpRAVEd RTG Shet hes1dwes rditedintRet hdgasmatiaquif mixed3flow
made smal |l er than 10 degrees, the increase anount of

méyiebegasrélyunoved xedh s laowesalsnalds and the esadd dfs the
substantially simlar to the conventional one. Al so,

abbee-tibs6ribed Figet did@Becébddagimlss | Bdong-1ife membrane
above-descri bed downward flow diffuses in various

fﬂlféﬁthﬁﬂ\% 5SRay NBE +&81 92681 ati on of a so-called
smnr ing flowis disappeared and a m xing effect of the

?% is deteriorated. [0051] The above descri ption
at of the typical enbodiment of the present

I nvenii on 6}'rﬂe(.jn aelnt %Ol{% dlnd %.e%gsﬁl b et‘il% %‘9:99'& portion in
a horizontal direction is made shorter than 1 mm, a gathered
amount of the gas-liquid mixed flow substantially is very little,
and the flow amount will not increase as much as to eliminate
the residues. Also, when this becomes longer than 1000 mm, the
flow amount of the surrounding gas-liquid mixed flow to be
gathered is too large, so that the flow amount of the surrounding
gas-liquid mixed flow may not be gathered only by the upward
flow of the gas-1liquid mixed flow by the moving up of the bubbles
generated by the air diffuser, to the contrary, the gas-1liquid
mixed flow, which passes through the inner side of the hollow
fiber membrane module 9 does not reach the flow amount to surely
carry the residues out of the module, then poor filtration due
to the residues easily occurs. Also, when an inclination angle
a of the skirt portion relative to a vertical line extending

vertically downward from the lower end of the wall material is
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any one configuration of the above-described first to
third exanples, for exanple, it is also possible to
appropriately conbine the first to third exanples, and
vari ous changes may be nmade in the present invention
in an equival ent scope of <clains. 38 CLAIMS 1. A
menbrane filter unit applied to an activated sl udge
treatment nethod conprising an anaerobic tank and an
aerobic tank, with a nmenbrane filter unit inmersed in
the aerobic tank to sequentially blologlcally treat
%%%t%ﬂ@ﬁ%ﬁrt%P§%p%9eﬁ%ﬂFQﬂﬁr e i IRARRPLSS ARRIEHH P
treated water, the nenbrane filter unit being
g@mat%mwieiir&ﬁé&%;fmrﬁﬁ smagl andok| vestibers mumgtantially
nodul e in which a plurality of sheet-like hollow fiber
sieileane eierenvenabbarbethdly alsangrmen thigrieaflangaberhan
of porous hollow fibers in parallel with narrow gaps
700 @e @AY EOthd PEGwe | Bl st i @ AR wWwA e OF 1 64 el s aM tith
the porous hollow fibers oriented in a vertica

%H&Qé | e lfifods M tﬁue@ﬁane ez, ;?tfi&g d¥id Y Iangeh

el ow t he hol | ow f e for releasing

smznfzt.r? %%QJ §§; ﬁ&:?g\%}lg%egrecll %Vl\ﬁ oelﬂg}{]o.lfl thfﬁefn%dl(’)lf t#‘g sludge

enera e a gas- w verticalTy swir
émeen an i nper space and an outer space of the
1%0 ?EﬁFt?fﬁﬁe nmbr ane nodul e, wherein each hol | ow fi ber
menbr ane el enent of the hollow fiber nenbrane nodul e
(95} he menbrane filter unit has a first area in which

a gap between porous holl ow fiber nenbranes conposing
The above description is that of the typical embodiment

of the present invention, and although it is possible to adopt
any one configuration of the above-described first to third
examples, for example, it is also possible to appropriately
combine the first to third examples, and various changes maj
be made in the present invention in an equivalent scope of

claims.
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the holl ow fi ber nenbrane elenent is narrow and a
second area formng a wi de gap between the narrow gap
areas. 2. The nenbrane filter unit according to claim
1, being characterized in that a part of intervals
between a plurality of hollow fiber 39 nenbrane
el ements adjacent in a parallel direction of the holl ow
fi ber menbrane nodule is fornmed so as to be w de, and
an interrupting nmenber is arranged on a | ower end
ClehiM3nce of the part of the intervals for the
gas-liquid mxed flow 3. The nenbrane filter unit
1l accorAlimmgntimarsd & inh tleomrlit egppiged Har st erdtzZedtiey sludge
having a wall material arranged so as to enclose

t P& Qtién £ hee trdd @unfgdigyimerhr anaeidBticetand A€ 4n HEmbic
bubbl e generating unit with a top and a bottom opened,

t&Re, RAvDNg mé}nb%!ﬁr{é f@Q'kElrQEhi"'E tlhm@rg%@ §Rr‘l§ﬁada@99blc fank,
ext ended on a lower end of the wall materi al )

t
A ll&re%ﬁgf#é%ﬁéféi?%r{&goﬁ %%%*.Q‘cgr R a?%to
t 1 d 1000 h
2 H‘??H%? 95 btz e u3Ler « CBer PPORTRBR L tet it
a vertical line extending vertically dowward from a
be g rchptroterheedatY ComRe}§HIgi s 10 degrees or nore

and 70 degrees or less. 40
a hollow fiber membrane module in which a plurality of

sheet-like hollow fiber membrane elements obtained by arranging
a great number of porous hollow fibers in parallel with narrow
gaps are arrayed in parallel at predetermined intervals with
the porous hollow fibers oriented in a vertical direction; and

a minute bubble generating unit arranged below the hollow
fiber membrane module for releasing minute bubbles toward a
lower end of the module to generate a gas-liquid mixed flow
vertically swirling between an inner space and an outer space
of the hollow fiber membrane module, wherein

each hollow fiber membrane element of the hollow fiber
membrane module in the membrane filter unit has a first area
in which a gap between porous hcllow fiber membranes composing
the hollow fiber membrane element is narrow and a second area
forming a wide gap between the narrow gap areas.
2. The membrane filter unit according to claim 1, being
characterized in that

a part of intervals between a plurality of hollow fiber
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membrane elements adjacent in a parallel direction of the hollow
fiber membrane module is formed so as to be wide, and an
interrupting member is arranged on a lower end entrance of the
part of the intervals for the gas-liquid mixed flow.
3. The membrane filter unit according to claim 1 or 2, being
characterized by having a wall material arranged so as to
enclose arocund the hollow fiber membrane module and the minute
bubble generatingunit with a top and a bottom opened, and having
a skirt portion with a hem spread and extended on a lower end
of the wall material.
4. The membrane filter unit according to claim 3, wherein
an extending length of the skirt portion in a horizontal
direction is 1 mm or longer and 1000 mm or shorter, and an
inclination angle of the skirt portion relative to a vertical
line extending vertically downward from a lower end of the wall

material is 10 degrees or more and 70 degrees or less,
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