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111332: 911531 DESCRI PTI ON TI TLE OF | NVENTI ON | mrer si on

Type Menbrane Modul e Unit and Menbrane Separation Activated 5Sl udge
Process Equi prrent TECHNI CAL FI ELD The present invention rel ates

to an i mMmersion type nenbrane nodule unit for nenbrane separation
activated sludge filtration, and nmenbrane separation activated sl udge
process equi pment providi ng nenbrane cl eaning aeration by the nodul e
unit 10and al so separately providing bioaeration. BACKGROUND ART
Conventionally, water treatnent equipnent enploying a nmenbrane
separation activated sludge process _has been proposed, and sone such
equi pnent is put in practical use | PERSRIPdEONons, such as septic
tanks, agricultural effluent treatnent, 15industrial effl uent
treatnment, and nuni ci pal sewage treatnent. The nenbrane separation
activat ed siTUnge QP DOASSTENP! oys nenbrane to provide m croseparation
and t hus not onl¥ provides treated water of good quality but al so

al | ows acti vat edmmggim Tpedombriing Mashie Unitand Membrane Séparationuketivated

al | owszan a }dégﬁ)?o sI%d e vetssel to have an increased ability to
deconpose organr ¢ matt et s B&t vol une and accordingly have a 20reduced
si ze, whi chTEgHNIOAI2FIRWS a smaller footprint, a reduced
construction cost and the |i ke advantages. It is thus believed that
this techni que wlh¢ pieiseitslinvepton sates to dnlitrunesion type mdhbranaamdoknait for

separation with activated sl.ud f. hi.gh concentration is perforned
si 8 ni fi cant PYMQESHRAAY TGk §ﬁ’&&%§ 398, afHBpEErans sefEtioeAGH xated

and 25cont rElQH%c??roE&s cQabARhNbIRAMAREBERE %le%ni%%%ﬂa@ihﬁ ﬁg&%ey%lblaﬁgggﬁﬁd

processi ng abi y. To prevent this, constant aeration i
under 18 nmenbrdneo sapdultdy powvidibg hiceeratien.nenbr ane or cause bubbles to

2afsrgnto phg;#&ﬁ%éiﬁﬂﬁéﬂﬁtth a difference in density to cause a
g st nbrane nodul e to renove activated sl udge
Conventionally, water treatment equipment employing a membrane separation
activated shudge process has been proposed, and some such equipment is put in
practical use in applications, such as septic tanks, agricultural effluent treatment,

15 industrial effluent treatment, and municipal sewage treatment. The membrane
separation activated sludge process employs membrane to provide microseparation and
thus not only provides treated water of good quality but also allows activated sludge to
have high concentration, which in turn allows an activated sludge vessel to have an
increased ability to decompose organic matters per volume and accordingly have a

20 reduced size, which in turn allows a smaller footprint, a reduced construction cost and
the like advantages. It is thus believed that this technique will widely be used in
future.

When membrane separation with activated sludge of high concentration is
performed, significantly viscous activated sludge floc adheres to the membrane and

25 contributes to contamination and hence a significantly impaired processing ability. To
prevent this, constant aeration is provided under a membrane module to vibrate the
membrane or cause bubbles to ascend to provide sludge with a difference in density to

cause a swirling stream near the membrane module to remove activated sludge
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111332: 911531 deposited on a surface of the nmenbrane (hereinafter

this operation will be referred to as nenbrane cl eaning aeration or
menbrane aeration). Thus in reality a physical cleaning process using
bubbles is constantly required and performed. Furthernore, as well as
done for a conventional standard activated sl udge process, aeration

is also S5perfornmed as a nmeans to supply activated sludge with oxygen
to maintain an ability of the activated sludge to deconpose dissol ved
organic matters (hereinafter this operation will be referred to as

bi oaeration),. The nenbrane separation activated sludge process thus
requi res bolfPIRLAD P%ﬁéu%?@aﬁ i‘f&@ma@fbéanp dherginaftey thiscomeration, witlihg refeenad itd as

i s conpared At cth vated, sl udge,. the fornmer
addi ti onal | ?W r“i%ﬁlffﬂéﬁ%%ﬁ@r%n@%@%ﬁ?%%ef%%?ﬂit i gﬁ“%ﬁb‘%ﬁlé‘ﬁ@é?%ﬁﬁ%l
ener gy, and cleetingipnpess usigg ubblesdsieodstankle r@eﬁdﬂe&%ﬁ@%erfbﬂ%&{. filiﬁ?thEﬁﬁP&e, as

menbr ane see&hation ?ctivated_sludge processes are generally
cat egor i zed W3S dPRR I8 FepBKEtional saard assigated shdge paicess, adratier mtalsoe

1. Ones t ' . hayi bj,ot r eat ment |
e85 naFIO R a5 b opky R MR SRR U 4y ER) KEeinkin o bl of
is a type wiliducanatbdtiegsetoadtcyassel di@aﬁbeaW@n@@mﬂ&%ﬁ&y@%@gﬁgﬁs{aﬁgn

The other is a type wth separate vessels to weigh flexi
menbr ane ol &8 TefPired rasdivasiptioahy Bteemembiane sezmatiog actingted bedld f@cess

monbr ane. senipaciines Ve alEE Leptlpt PurioRenl Piatetnn sdrivarcs
L T ORE b Bar o Lt or o e e e b R s
throudh MeniieabsancgilesnegrestiopBRhencsdinorEnbsgy Karled YAMAMIY 6 isSed @rtsee
& Technol ogy, 0. . Ltd., February 19, 2010 25SUMVARY OF | NVENTI ON
Immersion type membrane separation activated sludge processes are generally
categorized into two systems, as described in non patent literature . Oneis a
conventional basic type having a biotreatment vessel, i.e., a single vessel, with a
15 membrane module inserted therein. It is a type with an integrated vessel and thus
advantageously compact. The other is a type with separate vessels to weigh flexibility
in the membrane module's filtration system, chemical cleaning, and the like, that is, a
system is widely used in which a biotreatment vessel and a membrane separation vessel
are separately provided and activated sludge circulates through the two vessels.
20 CITATION LIST
NON PATENT LITERATURE
Non Patent Literature 1: Water Utilization Technology throush Membrane
Bioreactor (MBR), edited by Kazuo YAMAMOTO, Science & Technology Co., Ltd.,
February 19, 2010
25 SUMMARY OF INVENTION
TECHNICAL PROBLEM

However, each type has an issue to be addressed. The single-vessel type, in

most cases, utilizes a biotreatment aeration device to also perform membrane cleaning
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TECHNI CAL PROBLEM However, each type has an issue to be
addressed. The singl e-vessel type, in nost cases, utilizes a

bi otreat nent aeration device to al so perform nenbrane cl eani ng

111332: 911531 aeration, i.e., one device serves for two roles, and
aerating bubbles may ineffectively be applied to the nmenbrane nodul e
and the amount of air supplied may ineffectively be used.

Accordingly, a large anount of air for aeration is required to
sufficiently effectively clean a surface of a nmenbrane of the

menbrane nmodul e. As a result, when 5it is conpared with a stangdard
et vat ed SAERIGE: b0V e fsiorralidh FOGeRgR oL PRAR Y TPearghrely be
total aeratipNe@RPhE¥nembrane mbBsle ki@ ehMhburt %P%@ﬁ%ieﬁ%h&f%ﬁe&%

vessel s fabricated separately, whi cﬁ prevents a nerbrane “separ at |
activat ed sisadgeApcodingly, Alage exbinlti dfiangfor baratdmisaequéred g6 safficiently
advant age, i_e.., coppactness, and it alsq requiyres a punp or the |ike
for 10ci rCLﬁfEﬁCPBﬂYPEgB&@HI perLola ey biads o4 thepe ang magilens i seiepigy When

cost reducti : | i j i ew of
Che! anfoe i Eomescto S SR P AET DS DRI R A

nmodul e uni tsigdficapiyliageetose paratibn energy.hat can nai nt ai n advant ageous
conpact ness of nenbrane separation activated sl ud%e process and al so

achi eve reduced hi§ &Pf BhtherBargied vaseglshng dvo yassls dalicatsd separpisly, which

propLEN PP p R RSB AR R e Mo e AR

provi des anchararedristio advanpepeMdionne izl lafd irildo reqsitdsdi fighp &nthe like for
i mrersi on type nenbrane nodul e for menbrane separation activated

sl udgdOf i | t fiepuiasien thrpugh therftvedrepssls, wvehels agpigstrangiay £ostaaductiond of
20t h nb | . ' d of the. ..
reribr ane modul . THAesTAREHIGE AR rihcRlR Sy BAGS < Fopbtgma i

di sposed at coi@nplhited ah OMBIerseH fyb® hehibriftemsMae anidfish MerlBShé s&faraioalitdt
and downward of the space and having a plurality of air diffusion

hol es ar r angddnaintan phantegeeuseompapinaifeoinneabenhesprrfgos epivated dndge
MRS LR EE LT RN S I
the gaps. activated sludge process equipment employing the same.
SOLUTION TO PROBLEM
To solve the above problems, the present invention provides an immersion type
membrane module unit including: an immersion type membrane module for membrane
separation activated sludge filtration; an extended wall extending from a lower end of
20 the membrane module and surrounding a space downward of the membrane module;
and a membrane aerating air diffusion device disposed at one of a lower portion in the
space and a position around and downward of the space and having a plurality of air
diffusion holes arranged in a plane, the membrane module having separation
membranes with gaps therebetween, the extended wall receiving bubbles output
25 through the air diffusion holes, and guiding the bubbles to the gaps.
The present membrane module unit allows the bubbles jetted by the air
diffusion device to be supplied to the membrane module's entire area uniformly, and

can also reduce bubbles divergent outward from a space under the membrane module
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The present nmenbrane nodule unit allows the bubbles jetted by the air

di ffusion device to be supplied to the nenbrane nodule's entire area
uni formy, and can al so reduce bubbl es divergent outward froma space
under the nmenbrane nodule 111332: 911531 and thus supply the
menbrane nodul e with sufficient bubbles. This can contribute to a
reduced anount of air to be supplied and hence a reduced anount of
energy used for aeration to clean nenbrane. This nenbrane nodul e unit
can have the air diffusion device adapted to have 5 an upper surface

covering the nmbrane nodul es projected area and provided with a
plurality o"f‘“@?‘%‘séﬁ Xibe e pessmodle pyidhssuifieient wbblead Thistche contribute to

ur HS IS PR Sippbiced Thischec
ol o5 pr ovi ed r The hesar Loy TiepBedhty el kHgllf aficb st Wra o

covers the awatireoelamdodratsamy.oj ected area. The air diffusion hol es
can have a dianeter for exanple of 1-8 nmm desirably 3-6 nm to
generate coarse %g‘sl?ﬂﬂﬁ'ﬂ)tl’ré%c wofylg pni cp havg hairsgifasien dents adaptedThhsye

vi br at & on, AN ike.effective for c|eani t.ne
membr a?ne ar %n %ﬁ% g EWF %%n{/%ﬁg tﬁ% %Hg)garlea@g%lﬁﬁ RiY ?fiffdo%rﬁ §d Ry Pdg‘ﬁ dﬂ& a
in energy, plnhliryef dit B¥fusib@oRisesBabbles¥Rtupfiied 1 the RERHEIRRhSIule's entire
enbodi nent can provide theib‘gl urality of air diffusion holes uniformy

t o correspo#ga teifendy upucinibe wissliffasien belpaipatvided id theampeasneface Bhits air

al l ows the separation nmbrane,to be cl ean uni f.or and o
appropri at e@?ﬁ%'?ﬁél eglé:'_f) PLETSH Wﬁ%%e‘?{an%l&ﬁv Sﬁjf)?ﬁgg%%’ﬁ?'e Lhe pig diffusion
upper end higslesepalat b @AmniBRErToABRPIMbH I8! YmS RAGRH]y2NY nlhﬁlr:% enerate coarse
adj acent |y di sposed, and nutually sSecured by a sealing ne egr I'n

cont r &3t , ~ t prbblespuitahle Hir cheaningdhe mendudre. afThius,svibratien, acswerlirg stetm and
provided with th al i menber and can instead be provided with a
20support r %18 h?)(? %ﬁ%‘gmiei jﬁgd? Fung the nSTubRIpe a‘ﬁé\?lésegﬁl'é”% E}‘}a]?“:;’gleé rscending
menbr anes f@llgdad, g{agﬂmghetiﬂ@n&gﬂ%atthggge.and t hus secured and spaced,
or for exanple secure the separation nenbranes at their | ower ends

only partially t&hepresentippention inck meferdtde binkedinenheaneprbeldt the slaratingdst
and t hus easi ,y..sway. . \Wen. t air diffuysign holes have a | arge

di stance t oot i %?Bﬁﬁ%\eﬁsiu&#‘)ﬂgﬁﬁ?ﬁﬂlgesfgﬁ‘g&ﬁ’@'gépsf BRieerothg separation when
the exs endegleM@ldneflasTias hiddwaethk SOkt ' - t he
air diffusi oﬁ hol gs ar esi ncr easeﬁn?ﬁﬂﬁggﬁgg%@e %lgéal{regg}nﬁﬁf-rggg%fl
bubbl es as appegprissdendlhespeation seentrardaddvia fdr.exdipl Alilsppert & has

separati on nenbr.ane dule to ve the separation menbrane exposed to
o ger bubbHBE R MeTTEss e Dy gy des adjscenty disposed, and tmutuelly

secured by a sealing member. In contrast, the separation membrane module at its
lower end is not provided with the sealing member and can instead be provided with a
20 support rod or the like to: for example have the separation membranes folded around
the support rod and thus secured and spaced; or for example secure the separation
membranes at their lower ends only partially to the support rod or the like to have half
free ends and thus easily sway.
When the air diffusion holes have a large distance to the separation membrane
25 module's lower end, i.e., when the extended wall has a large length, the bubbles jetted
through the air diffusion holes are increased and thus become coarser, larger bubbles as
they ascend inside the extended wall. This allows the separation membrane module to

have the separation membrane exposed to larger bubbles and thus effectively swayed.
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111332: 911531 Furthernore, while, as well as done for the

upper end, a sealing material is introduced between the separation
menbranes to secure them a through hole or the |ike may be provided
at a portion that does not have the separation nenbranes to serve as

a hole to therethrough supply raw water, introduce bubbles and the

| i ke. Preferably, the 5 gaps between the separati on nenbranes
provided at the | ower end or a through hole of a sealing |ayer are
opposite to the air diffusion holes so that the gaps pass bubbl es and

t hus i ntroduce d .cause b gbl es E ntgetween t he nbr anes . of
the membrane modiiECTRAE: YEHSASMY 5232),515 Afrfae HBRRT SBdgealing BiRE2k g
external Iy &%Hﬁ’d&ﬁ%ﬂv&é}{ thke Je?%%on%hﬁﬂaﬁé @i arded fg&hrﬁiié{%l@o}’ﬂé 1fke
coupling frane to a frane securing an 1Oupper end o%n he separati on

menbr ane nnnhajz be provided aTh postpahattdoesnomrde drecsepmdtibe neaﬂ)rd)m & feold o

fiber dule or a f]at sheet nenprape nodul e, The separation
menbr ane mﬁﬂp éonv%ﬁsﬁﬂﬁaw %mgb’ﬁé}”a‘ﬁt% RHEAAIES Rebties andythedike  j Bipferably, the

De ly,
Ot 51, BTG AT P 300 P Bk U)oy B ot o

15pol y- t et r atdaliap taehyt epposiic T Be anndlﬁ@lsiohmlearso tha (i gdpe pak bubbrednd
to formthe nenbrane. The separation nenbrane of PTFE 1s strong and

when it hasthas wmﬂa%ar@d%wqﬁw&wo é§€|§6§ Setvesn dhs mambeangs et the mesnbiane
damaged or gy gasedand, %Fb[]oh rﬂ?&n]ﬁ%ﬁ'ﬁ% Tic Elulg lﬁa??'](gwér en e%{ ?lygﬁzﬁrgun&eg%y

PTFE nmenbrane can be a ger 1 n por osi
mat eri al s, Qﬁdm@swﬁxcheéiaﬁabh&ﬁfd)r barfta L4 chublivgifgide to@rﬁlalﬂ@sdcbrmg a
soft materlal it is 20vabratable. Furt hernore, the PTFE

nmenbr dfe haEPHeéﬁ@%O%@?éﬁ?j’ffﬁloalrfaembfa@&mdll@nt in chenical resistance,

chenmi cal stabili ther re5| nce rtlcu

SR eabr ana. has THe SfBR RS h3hAREE p2RRal AR ket Aine e or a
activated shudgieetaiéhbrage oliglel t ThaBepdeation@AdBBrank hiddar raaiadviae
I|qU|d of high concentration, an oxidizer, an 25acidic liquid and the

li ke. sepaeation menzhreneafcuy enaterialbe DEsirabi haivere ilis fonmed bBa soft
menbr anes of ndl ed to ther. As th w fibe nbr.ane of
BTFE. Por ef MBIFTE BRbGICEY BT TEwS B8P DLOBER BBy aan Aga il
sui t abgy beFM §a6traflubldedBAene 2 PR in particuld ﬁ@f%@seﬂ%@%lﬁ{ thehembrane.
activated sludge process equi pnent with a separation nmenbrane nodul e
havi ng a seph¢ sapiatationwrenrtaaes off B Khisskrohg end miihe itdws afsorfagectoofinimislyow

i fTust o, BURSHURESCE e £ Rk rroet Sarsr at s et firptils”
with floc, auRQeRoYe, BROPTIYE ﬁleﬁmr@ﬂﬁos%ﬂﬁ&tw t&ﬁaa@em 55’0‘%99%* th&flother

thereon, it can be ¢éleaned with an al kali 1 quid

concentrati umtermts and abi esylt can tecindilier in eyeight, and as hes hscbfemtedlat fitLis
treat ter \é’? rralntalnlngahlgh perneable flow rate stably for a
| ong PBri odva The hol I ow fi ber nmenbrane of PTFE is a single or

mul tiple |ayers %Hﬁﬁ@ﬁo?éc, the PTFE membrane has large strength and is excellent in

chemical resistance, chemical stability and weather resistance, and in particular, when
the membrane has a surface soiled with an effluent component, activated sludge and the
like it can be cleaned with an alkaline liquid of high concentration, an oxidizer, an
25 acidic liquid and the like.
The membrane module can be formed with hollow fiber membranes of PTFE
bundled together. As the hollow fiber membrane of PTFE, Poreflon ® produced by

Sumitomo Electric Fine Polymer, Inc. can suitably be used.
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por ous nenbrane of expanded PTFE. A nmultilayered hollow fiber is

sui tably 10i npl emrented as a porous, nultilayered hollow fiber

menbr ane descri bed in Japanese Patent No. 3851864 referenced and
cited herein, or the |like, and a separation nenbrane nodul e havi ng

hol | ow fi ber bundl ed together is suitably inplenented as hollow fi ber
menbr ane nodul es descri bed in Japanese Patent Nos. 3077260 and
3851864 referenced and cited herein. 15Hol | ow fi ber nenbrane of
expanded PTFE, as described above, is excellent in strength,
durability and corrosion resistance and can exhibit significant

usef ul ness in tr &k nagbeingseparezmdciivatad biudge processrequipment Wéthraeparatien

nb f ded PTEE i duced th trysi d
D Er ot ahi ng BFBRE0S MR IE MR A G ra: 1t PORTAISCOREe dPuRs &
to be pr ovilsiﬁﬁmaﬁbé}irgé]nmwfgfpwﬂm& Spdras darablyl ddaslsi AMAAFREF ane

to provide a | arge anount of perneating water and thus be of high
per f or mancediffingiono Ehglermode ifgbe hollow fibtusiembranmadas hgurfive wittailed a poorly

810U 1502 S0 81 LD, MRRES SIEEHER.Sr L SUEDLAN S, i
menbr ane f o qRg _olf’fligﬁ%ﬁéb?ltrﬁﬁ%hlraﬁfb%d?ier%@di‘&i@%qﬁf&%d%ﬁﬁﬁé &R thuf ?E:at

exanple has a filtering area having an average pore 2bdi aneter o
0. 01 um or Wwategehile amimwiamggpehighpedureeble fodw €atd stiblyrfor 2 Bbnpeedsd bftimk.

s K 7iia g ol Rbumen e ol BOSF At el dh gk dpversormed of
f bl - f i | o] i ]
ety Bl el s e <R iRt T e

produtéd byinRtemested/ast & pomhs, rhuldlay¢md thello@Hdet 2@HArane describedlig Japanese

average thickness is_neasured wi.th a djal gauge. The porosity is
measur ed i nPHCHdYH é&%@%ﬁef%@&eﬁ AT ls7eR, or the like, And asgpaipduymembrane

' PTFE, .8f £ ' ' ;
por ous E@ég}oﬂg :hﬁintélg éqg';ﬁgﬁ Y bifsy1el tg)géfﬂéf &%uﬁiblﬁg}{%l%ﬁxeht%ﬁ 5 hollow fiber

preferably esent 1 nve nin ano

enbodi ment pembrahesnotidy deaitwdpaigianese Rtdnt WosetD FRatiged pROGESS

equi pnent of a single vessel,K type providing biotreatnent and nenbrane
separ ati on VerengedandicHed Bergi®ssel , having in an activated sl udge

o0k 251 200 GRG0 LA % BRSSO k0
unit and i nglemetiddotability bh@ c@idsich fefistah@and can exhibit significant usefulness in
treating significantly turbid effluent. Furthermore, as porous membrane of expanded
PTFE is produced through an extrusion and stretching process, advanced molecular
orientation allows micropores to be provided at high porosity. This allows a filtration
20 membrane to provide a large amount of permeating water and thus be of high
performance and to also undergo air diffusion and thus be swayed without having a
separation membrane cracked or broken and thus exhibit excellent durability.
Preferably, the hollow fiber membrane formed of porous membrane of
expanded PTFE preferably for example has a filtering area having an average pore
25 diameter of 0.01 pm or larger, an average thickness of 0.1-10 mm, a porosity of 40-
90% , and a tensile strength of 10N/mm? or larger as defined in JIS K 7113.
In particular, the average pore diameter is preferably 0.01-5.0 pm, further

desirably 0.1-0.45 pm. The average pore diameter can be measured with a perm
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deV| ce provided to supply oxygen to activated sludge The present

menbrane separation activated sludge process equi prnent allows a
necessary and sufficient anmount of air to be used to perform nenbrane
cl eani ng aeration throughout the menbrane nodule's entire area
uniformy and i ndependently 15t hereof provides bioaeration in the
sanme vessel. The nenbrane separation activated sludge process

equi pnent can thus avoid having an increased size and reduce total
aeration energy required. In the nmenmbrane separation activated sludge
process equi pnent, an air diffusion device of the inmersion type

menbr ane rmmrbe’letmmrodvawlgmmbys Materinéplacafriasle! COReI?HPANe modul e with
coarse bubbles f nmenbr ane. cl eani n at nd t he oaerati.ng air
G 11 usi on devi e Ra QST FTRE BUBHI ot G 2o BOBERES Wdn

cause Vi br ajjeQdhr@g Bmsthba Hbéagb&; {ne@grm peeiive for cleaning the
menbrane. The bi oaerating air diffusion device can have hol es having

a di ameter for eXhoptmndéd fordusPHE refent to Rd Fhiahirgs: pansifyoof @¥anplagger,

be app oxi mat i n 25di ameter. To ensure that activated
sl udge pr ovP‘&g@Z@&tSﬁ(g‘f%fgmr@F& t hr oughput, an appropriate dissol ved

oxygen concent r aihofdssn iRAMIGE th anblifer UNHOEIGR BERM LM schbtion

ng/ |1, and the present 1 nvention enploys the ve descri rane
cl eani ng aenaiviated shalgd |pm‘ssva1uqmy<gm of & singleavdssal agrechrevidhgebiotriaanawetrand
this may not dissolve 111332: 911531 oxygen in an apount that
satisfies t ﬁlgmhrwﬁpp%atwywa%w%vgﬁsaﬁg@vmaﬁaalh%w@ﬂﬁ&dﬁe tapk: the

bi ot r eat menty, cﬂ;%rag&;:ﬁﬁd rﬁ%gsulﬂ?%'gé ﬁ{eﬁ{ﬂb%ﬁ?é M?@&lg\ﬁhﬂe&d d ﬁp%%gﬁ%i%gﬁrfﬁ&on

bi oaerating air usi on devi capa generati ng

can beQpr oviedee uiddelyinighhe ﬁﬁﬁibrzmaencrm@hlhmt aimd indégengeptpdfthe gigdiffigtbn
di ssol ved oxygen wi thout increasing the 5activated sludge tank's

f oot print. eacHpeNisled 1o FpPh 9Xygrn fuadtivatedslndge: can provi de bubbl es

smal | in diamet S Thed Cg&g’h‘f&nlﬂ%ﬁé%&%% a%a‘?ecﬁ%ﬁ% d:gp%égéée%%ggﬁgﬁaég)ws a

result achi eve a re anmoun ento
reduced aer aédegshren®l gifficiefiimRnit ofﬁalﬁtmlgel aselite paf@in M@mbrdnedtldahii on

devi ce can be | ocated under one or nore hollow fiber nenbrane
nmodul es. aeration throughout the membrane module's entire area uniformly and independently
15 thereof provides bioaeration in the same vessel. The membrane separation activated
sludge process equipment can thus avoid having an increased size and reduce total
acration energy required.
In the miembrane separation activated sludge process equipment, an air diffusion
device of the immersion type membrane module unit can supply the separation
20 membrane module with coarse bubbles for membrane cleaning aeration and the
bioaerating air diffusion device can supply fine bubbles. The coarse bubbles can
cause vibration and a swirling stream effective for cleaning the membrane.
The bioaerating air diffusion device can have holes having a diameter for
example of 0.1-1 mm, and the bubbles can for example be approximately 0.2-2 mm in
25 diameter. To ensure that activated sludge provides satisfactory throughput, an
appropriate dissolved oxygen concentration is required. The oxygen concentration is

1-3 mg/l, and the present invention employs the above described membrane cleaning

aeration to dissolve oxygen into activated sludge. However, this may not dissolve
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10Furthernore, in particular, the bioaerating air diffusion device is

di sposed at a | ower portion of an area in which the nenbrane nodul e
unit exists to allow ascendi ng bi oaerating bubbles to flow in the
sanme direction as nenbrane cleaning aeration, and as a result
menbrane cl eaning aeration and bi otreatnment aeration can provide
swirling streans, respectively, in the sane direction, which anplify
each other to provide an 15enhanced cl eani ng effect.

Bi oaerati on and nenbrane aeration can be connected via air supply

pi pes of different systenms. For exanple, their respective pipes

ext endi ng ad*ygen in a3 ateoumh Khat edtisfine that require by sttinditasl dudde, tred/ascondéngly, a
respective ﬂomeQ ends Qent horlzoniﬁlhﬁ and thui %ggnecteg.to %he.
bi oaer at | ng” QI TAHFRTATEAU0R TGP LotV S & REMSh are MEd FaF; 7 fiogprating air
20di f f usi ong;eVioR Aevit& eRRBLe! Of FeNera@ieifihd BubH1 QRN el AGviaed ushid tuesi on
device is disposed parallel to a bottomwall of the tank and has an
upper sur f amemhzane mepdalepinit talsipyly sequifedalissolved ok gesi withdo rgedsog) the

ir therethrough, il h b ti i .. di.ffusi.on devi c
an beb ot t RSy 1k Bak P SrB nal e GOt LA iPP AR SRS R iRR
surroundi ”%&M&Wall%ﬂ%ﬂﬁtér%ld%i?@é @LIMRiSTERB A ciBRMH Ad 28R FesHRS an

upper surface 25having a plurality of air diffusion hdles to jet air
t her et hr ougirchisoywarredicke asepatr ataxypemimchd sippligh ajddenhee regluead acration energy
t hor oughl y. ) For. t he .bi oaerati air diffusion device, fine air
di £ 1 usion’ hisABEed arfs BBEjShiRACREDE A Efuataaéi#"@aP%E%loa?teaﬁn%rrong@woye

pi pe emendﬁ&ﬂ)ﬁb?&%@mﬂﬁh&ﬂ@dﬁf&f ace of the tank or 111332: 911531
[

a tubular air usi on device generating fine bubbles may be

provi i@d at an i Rudtemadreairepgrocilag thedfioddrating giediffusion device isldigposed at a
menbrane separation activated sl udge process equi pnent, can further .

i ncl ude a cOWEF BPItgR W 8B 253 1%&%‘#?%%°waaﬂ‘éeéﬂéﬁéﬁsﬁgtoéﬂpw ascending

di ffusion dgyi : i raf i i L.f ' eyl :
i ndependent [ bLelE GHOARAE ke Brkorfth of Byt blng soration, and as
and the nenbraok néeitainademing sugpinyand etreame e ptiovicae groMiddswirling
automati ¢ openi ng/ cl osi ng val ves, respectively, openedkl osed as.
control | ed Hieamseresprstively. indhs saame dingrtioneWhichwmplifiaeash oiher te pryidecan
and nto ' en to provide air diffusion/aeration),

t he :‘Mlﬂgw ra?@ég?édy%%niﬁ\%fegﬁhsuppl ied and when to supply raw water,

the suction and BefasRéibhand fletbrimd #ratfontdag bk ichncdtdenmsiatipdy bipeosgh
the nenbrane, and the |ike can be obtained via a dissol ved oxy

neter or bydidfsrant systeies. a For shemplebihah sespealden pipesdixtgndinenaleng mai%g;tailmé
A S T T S
totally be g&fiHeted keheibibaerating air diffusion device and the membrane aerating air
20 diffusion device, respectively, and the bioaerating air diffusion device is disposed
parallel to a bottom wall of the tank and has an upper surface having a plurality of fine
air diffusion holes to jet air therethrough, while the membrane aerating air diffusion
device can be attached via an extended wall coupled with a frame externally
surrounding a lower end of the separation membrane module, and has an upper surface
25 having a plurality of air diffusion holes to jet air therethrough toward the separation
module's projected area thoroughly.
For the bioaerating air diffusion device, fine air diffusion holes can be provided

in an upper surface of an air supply pipe extending along a bottom surface of the tank or

-8



« 111332: 911531
15amount to prevent fouling and excessive/insufficient dissolved
oxygen to operate the entire water treatnent apparatus efficiently.
Note that the automatic opening/closing valve is an el ectromagnetic
val ve, and preferably, the el ectromagnetic valve is also manually
oper abl e. ADVANTAGEQUS EFFECTS OF | NVENTI ON 20As set forth above, the
present invention can maintai n advant ageous conpactness of nenbrane
separation activated sludge process and also allows the systemas a
whol e to require reduced energy for aeration. BRI EF DESCRI PTI ON OF
DRAW NGS . . Fig..1 is a plan_view of nenprane, separation
activated ¢ tubger 3F didBsiontsyies i gsnaaingfingbyhhles manbioprovidst aban t he
present inv ' Ei g: | . Cross section taken along a line A-A
of Fig. 1_1§@éﬁ&§&ﬁ£ogugﬁg§§e§ggtiOn taken along a line B-B of Fig.

1. Fig. 4 shows Hit rasthbrmt sgakdtioneotivated bledgcprocess equiphithBdia: futhd531
Fig. 5(A) shows a hollow fiber nmenmbrane nodule in a perspective view,
and Fig. 5(iByludhanentep! davige poeantiohtheraerabrang peratingair dfusiaprlevice and the

Figs. 6(A é%?e{eg%tglggﬂ%ligﬂég}m%@%\é@meé‘%r{dleg{.lffUSi on box in a plan view,

a front vi VI ew, Fesp vejf'y. 5Fig. 7(A) shows a

hol | ow fi ber nentyeaifRalRdbé Biohadiifgaia shyphepipedd thd Me@Brank hedtihf b on
box attached thereto, as seen in a front view, and Fi 7(B) shows an

at t achment supply Hipe ean bernrayidediwith@ytomsasistapening/closing walyes, Bsedsovelya
(r:nr‘;llog s pg;éit ioqg)ﬁ_ggd/}:lggedc ailsrc%%trglrlré)dol%} e rc]:%ntircrﬁ cﬁe@ic%,x ahdthe h%wvrg.{ei oefta%rosrl.]lp}ialri]ed and
when to supply air (or when to provide air diffusion/aeration), the flow rate of raw
10 water supplied and when to supply raw water, the suction and permeation flow rate of
the liquid permeating through the membrane, and the like can be obtained via a
dissolved oxygen meter or by monitoring a transmembrane pressure difference
indicating how the membrane is fouled and a signal indicative thereof can be issued and
in response thereto, bioaeration and membrane aeration can totally be controlled in
15 amount to prevent fouling and excessive/insufficient dissolved oxygen to operate the
entire water treatment apparatus efficiently. Note that the automatic opening/closing
valve is an electromagnetic valve, and preferably, the electromagnetic valve is also
manually operable.
ADVANTAGEOUS EFFECTS OF INVENTION
20 As set forth above, the present invention can maintain advantageous
compactness of membrane separation activated sludge process and also allows the
system as a whole to require reduced energy for aeration.
BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a plan view of membrane separation activated sludge process
25 equipment of a first embodiment of the present invention.
Fig. 2 is a cross section taken along a line A-A of Fig. 1.
Fig. 3 is a cross section taken along a line B-B of Fig. 1.

Fig. 4 shows an automatically controlled circuit.
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10Fig. 9 shows a main portion of a second enbodi nent. ]I1:|l3g3.2'f6]531
shows a hollow fiber nmenbrane nodule in a third enbodinent in a
perspective view. Fig. 11 shows nenbrane separation activated

sl udge process equi prent of an exenplary experinent, with Fig. 11(A)
schematically showi ng an exanpl e of the 15present invention, and Fig.
11(B) schematically show ng a conparative exanpl e. Figs. 12(A
to 12(D) are tables indicating a result of nmeasuring the exanple of
the present invention and the conparative exanple. DESCRI PTI ON OF
EMBODI MENTS Hereinafter, the present invention in

enbodi ment s wi | | Fige3glesbpivbediollowHibzOnmehdrarceodde ithe pelspasting siew, and

The present e i ment provides nbr.ane separation activated sl udge
process equfl_;ggg&ﬁ Sggwﬁagrfaﬂ/p%@%ggﬁreﬂfﬁﬂﬁgisﬁ PEAUOBf | uent and the Iike
and have a si ”g'ﬁgél%ﬁﬁf;"tsgﬁ)?ﬁﬁd Mgl G GRS HHoRin QE% view, a front view,

concentration for biotreatnent and al so having a separation nenbrane
nmodul e suspanteside hemeirgspedtively, of an in-vessel type. 25Fig. 1 to

Fig. 7_show a firgst (e di ment vvk%jch has a vessel 1 with a plurality
of (inBthis exanpiée’APysadollew Huepmenbams modwa having p dowerfodyidsar
suspended t N t r a l. i a IS
ot ovi ded wi 1 an Rion b BT fore 04 boRftin Rttt Ry, ORIEILEN TROUS B
suppl y pi peattdchimieheurtivihen caldgadagodatsedtiprai 1 111332: 911531 diffusion
device 6 is disposed in an area under a menbrane unit including
hol I ow fi ber menbiafehowssdmaimpatien petsifseemkadimenign an exemplrosyasiation
device 8. .. Cmsfgleaiioqlaerati ng air supply pipe 5 and a nenbrane
aerating air supply pipe 7 are connected to an air supply source (or

a blower) 9, insEig edh&is amalippationef 4 sedn@lmiean@nt51 and extend
downward along a_sidewall la, have their respective | ower ends bent
at a position adfieépshavws abgkpy henasmbrape amdiuichisraghird pmbrdiemat in a
hori zont al | onnected to bioaerating air diffusion device 6
provi ded ati{%ﬁg\rﬁg&gﬁg | b via a support nmenber 11, and to nenbrane

aerating air difFisioeheleyine@biine sEHPAH atevited sludge process equipment of an
exemplary experiment, with Fig. 11(A) schematically showing an example of the
15 present invention, and Fig. 11(B) schematically showing a comparative example,
Figs. 12(A) to 12(D) are tables indicating a result of measuring the example of
the present invention and the comparative example.
DESCRIPTION OF EMBODIMENTS
Hereinafter, the present invention in embodiments will be described with
20 reference to the drawings.

The present embodiment provides membrane separation activated sludge
process equipment to purify sewage, industrial effluent and the like and have a single
vessel receiving microorganisms of high concentration for biotreatment and also having -
a separation membrane module suspended therein, i.e., of an in-vessel type.

25 Fig. 1 to Fig. 7 show a first embodiment, which has a vessel 1 with a plurality of
(in this example, four) hollow fiber separation membrane modules 2 suspended therein.
Furthermore, each hollow fiber membrane module is provided with a membrane

acrating air diffusion device with its air supply pipe. Furthermore, a bioaerating air

- 10~



' ) ) ) ) 111332: 911531
An air diffusion plate 10 having a | arge nunber of spaced air

di ffusion holes Al 10is deposited on an upper surface of bioaerating
air diffusion device 6 to jet air that is introduced in bioaerating
air diffusion device 6 throughout the area having the nenbrane
nodul es di sposed therein. Air diffusion hole Al has a relatively

smal | diameter for exanple of 0.5 nmand is adapted to jet snall
bubbl es of approximately 1 mmin dianmeter. 15Vessel 1 is internally
provided with a dissolved oxygen neter (not shown) to neasure

di ssol ved oxygen required for biotreatnent. Depending on the anpbunt

of oxygen dﬁiiﬁgailov ddvice 6dodispesed e aea Bodetesvembrade bait ércluding hollow fiber

automati cal | ont rol appunt of air. suppl.i.ed tQ biogerating air
supply pi pemémﬁFanFWéoqsuil%angglgﬁ%m aﬁ‘@@é@?ﬁr‘{’% P ﬁ‘:ﬂvrlr‘fef ‘ne bubbl es
intermttently tArpsgbathicQaehdhlyp@s hnd ¥ BRINbrileRRratingnik & gl |

air 20diffusion device 6gto vggggﬁbl. Fﬁllomﬁ%ggg} ﬁ%ﬁgﬁgﬁ%?ﬁ&
m(rjrtljl e 2 sucsq(ajmncteditdanwie?wly souhed ona bippe) 9,g'nsbfr]mﬁlah?]raumncr;{)pnﬂ'mg of vessel
menber _15 a [ 16 for, perneatin i qui d through, rane, (or. a
water 2ol | cbardgtgndgvreard alanedd ﬁb&ﬂ%‘fhﬁ’ém Cthvgq_awar gfjdsgent at a
i nserted thpquath Affacthi RAYFRM WOl ¢ BAE dEthdh BLOHO Rofdr Dbl el 3

of vessel 1, and a'flange 16a secured to 25pi pe 16 for perreating

| i qui d t hr ocyinectedrar Binecratingsecdiffidionalelvicd Giratided & boRiopewil 1 oia a support
perneating liquid thrgugh Einbrane,has,a, el.ectromagneti c,

openi ng/ cl O@Fﬁ‘g%]aﬁ’\?@ irmembengs gerling A F{fRtiefeasces, respeeiételon punp
19 interposed undger.stt: . i
L Posed VOB AR DREeRS po L L BRCRSR Y855RLG b frmauaphieda
passediOt hr oisglepesifet ping uppbresupfacy o tlsdadravhaighdiffudionldetiee 53o jkhér thitde
is provided with an el ectronmagneti ¢ opening/.closing valve 18 to

open/ cl ose Btiogupaddn Sfoastadipe girsaitpsion devienp threughonethis pemdaingihe 2
has a |ar gemlgH]rEr;p erﬁ%dlﬁ%%pcﬂﬂﬁlﬁgd BIE%.hOAir%f§Ji$lpﬁ3&le ﬁqrﬁ%%@?lﬁpg&y small
bundled in arectangle (or "a circle) as 'seén in a horizontal Cross
section, asdiahewn forexahple S0 mrtasdishdapewtd jdbemnalrbabislenes apPrd-Smately 1
folded in two in the formof the letter U and di sposed side by side
with a gap, mahth #ia@egpper ends connected and secured by a sealing and
securikpg menber i qd IS | r.ovid Wi a
wat er I]'§O| | ecti ng%:)e%sref ??ﬂm%ﬁ@gﬁﬁ%%ﬂ%ﬂﬁg&? vgga) f‘{? dé}tﬂ%ﬁ%l [g{%gfo nrO? ?%Orﬁ c}f 0
measure dissolved oxygen required for biotreatment. Depending on the amount of

oxygen dissolved, a control device 50 described later automatically controls an amount
of air supplied to bicaerating air supply pipe 5 or the like to supply necessary minimum
fine bubbles intermittently through bioaerating air supply pipe 5 and bioaerating air

20 diffusion device 6 to vessel 1.

Hollow fiber membrane module 2 suspended in vessel 1 has an upper end with a
securing member 15 and a pipe 16 for permeating liquid through membrane (or a water
collecting pipe) is secured to securing member 15 and also inserted through an
attachment hole provided through a lid plate 13 of vessel 1, and a flange 16a secured to

25 pipe 16 for permeating liquid through membrane is secured to lid plate 13. Pipe 16 for
permeating liquid through membrane has an electromagnetic opening/closing valve 17
interposed and furthermore, a suction pump 19 interposed understream thereof.

Furthermore, vessel 1 is supplied with raw water Q through a raw water supply

-11~
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10each hol | ow fi ber nmenbrane 20, a water collecting header 22 is

fitted to water collecting portion 2la externally and thus secured
thereto, and water collecting header 22 is connected to pipe 16 for
perneating liquid through nmenbrane, as shown in Fig. 5(B). In
contrast, each hollow fiber menbrane 20 has a | ower end having a
curved 15portion with a support rod 26 passed therethrough to
maintain a formof the letter U Hollow fiber separation nenbrane
nodul e 2 has holl ow fi ber nmenbrane 20 fol ded via the support rod and
al so spaced to forma gap Sto facilitate passing air diffusing
bubbl es andpipaw maiedrthrogﬂlpp@'minghIdGEBNi@edriberlgb)}idaﬂtt@Ildi ndghepifeds 27

s e el A B RS

to forma Sgﬁé,q 8k an extended wal |) |n the formof a rectangul ar
S

par al | el epi pe urroundi ng a space under hol |l ow fiber nenbrane 20.
Under the skirt H¢119Wéiﬁeom¢lrzbﬂ‘alteh'30dté@2alnngmlage panbéil oflegparpied PIFE hollow

di d di ff d 8 he f

hal | ot r ecPTgIF AP epeaH ChrdddBaeetingle (FasEiair) a6 BarHaEenRhvPRy
2,512 OO T SSaeickitokfif P SOLR! BRRER0E R e8P RILPRwo s he
a | arge nuniem «n‘fthalartchfahdﬁnmnsdd@:ﬁb%d@wv&m@a@, abhds upbaneide comedted

nmut ual |y spaced frontward earward, rightward and leftward to serve
as air jettPRYSHEYrADY ale&%za quie ﬂrrﬁ@?%r%h r Sfﬁh%%%ﬁcwwem%?bls
adapt ed to t .:pgl

g%aii{e?lgﬁ?ga Oeﬁ]k(lt)l &ﬁﬂ%gé’[i@)ﬁ QK H&Wﬂ%b@ﬁé a g@@{ %niorf
d| f f ugdon dewhdmllawpﬁmm&ndxmetzﬂ alw:atefhd‘ollaatrrgmeb@éxezsz AZitted tclnofateow
fi ber menbrane 20 can be set, as desired, 5deﬁ1 endi ng on the |ength of

hol di ng menseliecting sertiorda exferady saf s sectpdiersto.aad avatey Godagig eader
h | t f
ol e ap s 25 kiR RlmiBYTe Rit kBBl Bll R BHHBbn LSSl Fig

thus be expog®d to coarse bubbl es. Menbrane aerating air
di ffusion device_8 has a side _surface provided with a 10connection
port 8b for e b A frartegals gqqhd@l]gwﬁlge@mngbrémep@ lras a lower end having a curved

15 portion with a support rod 26 passed therethrough to maintain a form of the letter U,

Hollow fiber separation membrane module 2 has hollow fiber membrane 20 folded via
the support rod and also spaced to form a gap S to facilitate passing air diffusing
bubbles and raw water. Support rod 26 is held by a‘holding member 27 serving as a
frame externally surrounding a lower end of hollow fiber membrane module 2, and

20 holding member 27 extends further downward to form a skirt (or an extended wall) in
the form of a rectangular paralielepiped surrounding a space under hollow fiber
membrane 20.

Under the skirt in the form of the rectangular parallelepiped is disposed

membrane aerating air diffusion device 8 in the form of a shallow rectangular

25 parallelepiped. It has an upper surface having a size corresponding to the total
projected area of hollow fiber separation membrane module 2, and the upper surface is
provided with a large number of air diffusion holes A2 having a small diameter and

mutually spaced frontward, rearward, rightward and leftward to serve as air jetting ports.
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Thus menbrane aerating air diffusion device 8 is attached to hol

fi ber menbrane nodule 2 at a |ower end via hol di ng nenber 27 and

blows air through air diffusion holes A2 locally and directly to all
gaps S between hollow fiber nmenbranes 20. Alternatively, the nmenbrane
aerating air diffusion device my be attached with an 15appropriate

di stance specifically of 5-50 mm desirably 10-30 mmto a | ower end

of hol di ng nenber 27. This can reduce a solid content which remins
and deposits on a surface of the air diffusion device. On the other
hand, bioaerating air diffusion device 6 di sposed under nenbrane

aer ati ng ai Thege tir defifusiordeni¢cd? 8remdapled ds camespond to albgapsdsbdtiveen hollow
menbr ane nodul e it ar.ea generally. 20Hol |l ow fiber nenbrane nodule 2
has hol | ow eﬁé‘?enﬁgﬁ‘?ﬁsgﬁe 20 formed, in this enbodiment, of porous,

mul tilayered hol Tl%’\ﬂlgt'af?@er froR R @RfRr s&?@cerg{”xﬁéﬂﬂ?rﬁﬁé Eé?aﬁ}% AlP&YfffubllBﬁrdevwe 8
menbrane has a support |ayer of ‘tubular porous expanded PTFE and
filtering Imexded;fwthmmhﬁfuamphnt&e@%ﬁﬁ%llsbve?dﬁerummbtamﬂhmrebﬁm malde31red

o L S B hae 3mSR,
menbrane meypig, g}:ﬂ%rﬁﬁ%rﬁhd%ﬁ[%qaeﬁig\%g{ﬁg%ﬁo@!%@oﬁ@? gﬁe&'ﬁh'%hazh#@rswn

bi axially stret efera unsi ntere

a liquid | utwlecanto be mpphy tre:r@xw ardideblToav fibervhelebans Bapadthlumﬁy exfsedhto
isin turn stretched 111332: 911531 biaxially to provi de porous

sheet whi chcqa&seibybbl§sn sintered to provide the porous expanded PTFE

sheet. Biaxial s{f ﬁ%b%]ie%rﬁ'n%%%&%u&? dé@cé’@ Rﬁé‘é Giad @Qﬁ‘% Q%‘o‘ﬁdéd \%ﬁ’l‘is

skel et on enhanced 1 n stren ernore

nmenbr ade angbrinbetichuRPOBY fdnglemﬁ‘ameaeremmmuea@plwp@é grma stack of
| ayers by S|nter|ng and thus integrating unsintered porous PTFE

menbr ane. Noisanembrang aetebing fir gEFusndnvigssd Battegheddge hpllomvdibar t o

the above HLLAGLERIDSL) o116 BEY ISIRERN G -0 27aYa R RO BHGL

Hol | ow fi ber as a erin aving an aver age

si ze of 0. OdiffasizhGoRIB Elsallypdhdedifkag ilhg@;ksrB%BaweélQh&lfl&ﬁ ﬁbaanembranes
mul tilayer, the thickness of the filtering | ayer and that of the

suppor ti ng Payehlteraabely, é@ﬁemn@qbyanéfae@hmg N diffysign é@‘ﬂ@ﬁsmﬁyb®ﬁﬁ$®3©m an
an in 8 di gpprgperﬁat\gi %ﬁg’e SpeCil lngpfi 3 %B es%lrgﬁlgel Opﬁ)d al%prgaglgqe %fo

10- 600" kPa. rane

strengt h of hdidNgh&nigdr 27ar q‘his a8 réthict @.Q;dhﬂ Borktbst Whiél ﬁnalﬁéﬁld%@bﬁté dia
air supply pipe 5 connected to bioaerating air diffusion device 6 and

menbr ane aeswtacpgl ﬁxeralrshﬁpmyn gepee.7 @Qotheetherchang, bfemamgeala@ﬁélslpngievme
air diffusi device 8 are hr ou ng .hol es
Chr ough 11 db gisgrdipact REPpfiRatlink oSy ARadhh PEMRlF ARt am oappes
an openi ng/ g{quérﬁgal\(@h\ggu}@@mtm @nbla@y control valve 47 and an
openi ng/ cl osi ng val ve 48, respectively, to air supply source 9.
Hollow fiber membrane module 2 has hollow fiber membrane 20 formed, in this
embodiment, of porous, multilayered hollow fiber membrane. The multilayered
hollow fiber membrane has a support layer of tubular porous expanded PTFE and a
filtering layer of porous expanded PTFE sheet wound on an external circumferential
surface of the support layer in contact therewith to have multiple layers for increased
25 strength.
The filtering membrane may be formed of porous expanded PTFE sheet

uniaxially or biaxially stretched. Preferably, however, unsintered powdery PTFE and

a liquid lubricant are paste-extruded to provide a shaped body which is in turn stretched
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20The flow control and opening/cl osing val ves are el ectromagnetic

val ves opened/cl osed and controlling flow rates, as controlled by
control device 50. Furthernore, opening/closing valve 17 interposed
in pipe 16 for perneating liquid through nmenbrane, opening/closing
valve 18 interposed in a pipe 4a supplying liquid to be treated, and
furthernore, suction punp 19 are driven by control device 50. Suction
25punmp 19 after it is driven is stopped at a tine set by a tiner.
Not e that the opening/closing valve can al so be opened/cl osed
manual | y. Control device 50 operates suction punp 19 when a filtering
oper at i on i &apely & pisyidepetousshest sthieheisiio durgGinderop to pravidedhe perops 19

when the filteriyn ration,is. ,111332;: 911531 s ed. In contrast,
merbr ane acPaEPiGEe DEEHRGRY chatio g it Al Yo b cpade G & fibus
even when tdRldibh &:fahbdl AReeAdthon is not perforned, to supply air
di ffusing bubbles to hollow fiber nenbrane nodule 2. Furthernore,

normal |y, |i qui dFuhdymors, gt Blgeringgnembiaooandithe shppeting aenmdoarteraahleesl|y
for opgratipon, and.is.,sucked .by .an o ut. of suct.i on 5pu
I R L e R o L R LN R s

menbrane 20mksbiadl €d is detected by a detector that detects suction

pressure applied for filtration through the hollow fiber nenbrane,
and when t he det Notecothathetllest Sbe meahhreneg 2ashion findteti o dehabbde wailltileyered

nenbr ane ae ion. is ingcreased in anount to re e fouling, and_once
it has beenﬁfﬁ&aﬁﬁéer PEMTAIFF A TR Rt PRy e?f%ﬁbﬁ?%w%@ra@q Ynhgssa
decreased | [ aaMdits h&@%ﬁ%?ﬁ%ﬁy Jg)ge 4, S 8Pb YIS ﬁﬁ%ﬂ@ters an avera%esth%clecaess

i ncreased/ decr eased as ation I's vari ed I n anount
back 10 bi offer theinouitilager theuthickaesd of thesfilewinizrlafelr @ad that afwbe _tpporting layer

The nenbrane_aerating ajr supply pipe is_ supplied with air in_a range
of 10-70 kP3de t%&f‘é%f‘gh?@-1Th9rr@mp?8?@.81515P§f‘0-§5%palé§@@adlameteé1of §3-Hpmm,
kPa suit abl ed. al ] ied fromair supply
source 9 inMFL%pgggﬁg%?@g&gpgﬁtﬁmggggﬁﬁg@%ﬁgﬁessor. Suitably, the

bl ower is used, Aarthérmoehiplewsiher preoibirgle (s eaRily elroh gt o) B0Nmm? or
pressure, while the_blower is also advantageous in terns of cost. The
present i nveREst 8p dgfineshie 7S kelldPane separation activated sl udge

oL g 0,2 CL BB MR Sl LRI MAL oL AR o
amount of waiegtbrire deeatiniglairesupplyippetPtoniReied$o membrane aerating air diffusion
device 8 are piped through piping holes provided through lid plate 13, and connected
via a flow control valve 45 and an opening/closing valve 46, and a flow control valve
47 and an opening/closing valve 48, respectively, to air supply source 9.
20 The flow control and opening/closing valves are electromagnetic valves
opened/closed and controlling flow rates, as controlled by control device 50.
Furthermore, opening/closing valve 17 interposed in pipe 16 for permeating liquid
through membrane, opening/closing valve 18 interposed in a pipe 4a supplying liquid to
be treated, and furthermore, suction pump 19 are driven by control device 50. Suction
25 pump 19 after it is driven is stopped at a time set by a timer. Note that the
opening/closing valve can also be opened/closed manually.

Control device 50 operates suction pump 19 when a filtering operation is

performed, and control device 50 stops suction pump 19 when the filtering operation is
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20an air feeding ratio, the present invention provides a

significantly better air feeding ratio than a conventional nenbrane
separation activated sludge system Hollow fiber nmenbrane nodul e 2
formed of PTFE has achieved an air feeding ratio better than
conventional by 20% or |arger. For exanple, for treating water in an
amount of 100 L/ hr, nenbrane aeration is set in amount in a range of
0.5to 1.5 NnB/ hr, preferably 0.7 25to 1.0 NnB/hr, depending on
activated sludge liquid s property and the |iKke. Wil e the

|l ess, the better in terns of favorable energy for air-introduced

oper at i on, Ftopped. ellegontrast, pramehransoaesaiingd opening/elosing valve 46liowpen cdinstantly,

caui prent cont PN IL. BURRYS BRG] BgbserbY Redilo ubh/E SuBLOHo ubbls

sewage or faChdliow Bbdr h@Rbrahdidbdble 2 NtFRAEESste] RRaME IR fo BWireated has a
m croorgani sns under the presence of an appropriate anount of oxygen.

Li qui d bi ot flewtret fixedyasswairolied, foratperationeand istsocked dly analukpwof & lvection
menbr ape 20_of hol |l ow fi.ber nbr ane dule 2 by _an action of suction
punp. 18, anBUARI mPRGAIEE s TRSY FRAEIhGE fisign. Renbraley PbaPhE@ped
through per neghRdRi e byTa BELA6 SRR & dib O6Fion gf%&gg%#glri éé%fo%ﬁiﬁt{iatﬁ)gd

the like that activated sl'udge Iiquid contailns
surface of Hobughwht hblow fibabmambra?, andvhdrise defeetoe détbets atvalueThaching a

hol | ow fi ber ane nodyle 2 hollqw, fiber penbranes 20 have gaps
t her ebet meﬂ}r%mwl%ﬁa Preglirgne asgatiopds Hiareasgghincngust fasredbes Dalipgisprosce

jetted by 1 i L L dli i i . 0 ir.
L1 oo, paTBEBEENERRAL s BB e S LA B s

bubbl @8 ar eFFonhereerd)didsblesd otyrey ilavacdidesgyset Aameptnamyatinl ik O3vied in
fi ber menbrane 20. Furt-{zer nore, .each hole perforated uniformy in a
pl ane al | owAMOHR 1fdrdultask fo PiRasatignBrAmpRnt p this seaEelladdn smepnks

uniformy, and f P%HH? , j t 2s f
scattering. Thi sqg]}a ows %r%f%ehiggj&%éji%)?@r@é%{eg Sé?é%?t‘?%%?u%é%&gﬁé10'70
thus effici kP4 inypreveiaye, itee peifdrablyf iddgsresseabirafie0-sandacanaonserelent | y
contribute to a reduced anount of air to be jetted.

Fur t her mor e SOIRBICPESA 2T TH&Y bhippliah Eormmitserrdy saavsarRyinghe formoef ablopehera
mb 20 Wi | ' ith S t herebet
e 352, Z0cHbhief ONGEARPOA PRRRCL S bR, SIS RELISED,

al l ows "air pas t hr ou eac

a surface olarbolit pwsfurberhiROne blovanes A6 ahdniddeolsiifiwhstofabstf | ows
adj acent to the surface ensures that a suspended conponent degosi ted

on the surface odhpgisseinyatiomalewsaseeebianesephrationadtyvatas sl hod to
Furt her nore, 4. I Lber rane. nodul e. hayi ng hol | ow fi hers
bundl ed t og%%}hgr% {]‘ﬁéatd?c g%atg%n %@%@B@h‘ﬂ}h 3)?1?8?5:8”%{%&%8?? TP %babbl es
can have a k&jied.POKlah@l v RRUIE vRled Dyl h HRUNEHE waRPRShd BifertN & RPRed as
and thus ensures a steady filtration
20 an air feeding ratio, the present invention provides a significantly better air feeding ratio
than a conventional membrane separation activated sludge system. Hollow fiber
membrane module 2 formed of PTFE has achieved an air feeding ratio better than
conventional by 20% or larger. For example, for treating water in an amount of 100
L/hr, membrane aeration is set in amount in a range of 0.5 to 1.5 Nm’/hr, preferably 0.7
25 to 1.0 Nm*/hr, depending on activated sludge liquid's property and the like.
While the less, the better in terms of favorable energy for air-introduced

operation, i.e., electric power consumed to operate the blower, i.e., a running cost, the

membrane separation activated sludge process equipment configured as described
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25function. In particular, hollow fiber menbrane nodule 2 formed of

hol | ow fi ber nenbrane 20 of PTFE having large strength is

advant ageous as it can be operated for filtration with continuous air
di ffusion without damagi ng/creasing hollow fiber. 111332: 911531
Furt hernore, when bioaerating air diffusion device 6 under nenbrane
aerating air diffusion device 8 jets air, bubbles nove upward at an
external peripheral portion of hollow fiber nenbrane nodule 2 and

t hus al so provi de an advant ageous effect to enhance the holl ow
fiber's vibration and a swirling stream 5Normally, bioaerating air
di f f usi on debpive de@mpases wavagaer Bctosy etieatigiat laumtrcuimdmtcmesmlelsf Al

constantly even when fi i on n rovi d d air

ot uaton ntaRorktint tndd He MsdrBe 858 BRRdb L mpln SoR el L abi

and can thus contiguliBiréeBin' e @ ds AMALBE 1Rb eaddH hdIRWOBbS HMhBEe 20 of
Furt hernore, the bloaeratlng and nmenbrane aerating air supply pipes
provi ded 1laoHive ﬁb@mnbrgn@mduh@ Iepadnyaationrod syesiomi pusipy] 9, mh@whalpénqmd

aut omati cal | contr i dua ow. vesse

o ot Hon ¢ oPERIE AroiE s Foleted St R Eate pirsd: TRgpoeanism
M cr oor gani A8, irdRchnfl AStd@s hﬂi"th@QﬂkE At falBPRlte MBI AR ARSHAiRS gretc‘a tured

-constantly receive air to diffuse it to reduce fouling. Fig. R

the first eobediniastofihollem f@xempmzbrqne@randtthmdhmmmm t he f| rst

enbodi ment provi des | | fi ber menbrane ul 2 hav]j e ol | ow
T e e pohe pelipw Bber e prge Pl 2 RLey Faganampities 2Lhaye 2aps
turned, theggiupeRiden  WHicHBYQf HESPEDS Sohith FonRANMaRe %g&g@{,@] t{égfsper 65
inaformof the letter Uin ¢ross section can instea e ‘use o)
sandwléh anthesbcancectabieg hivwifusodddvier &ithmough git diffakiohhotek Auppiahis

menbers 65 ce S as appropsriate_ are disposed jnside frame 27
20ext er nal | JTRSES BiheiBaRs- t 1S theiried Bihles are coarge Ferhiesa sy hayaencrgy tat

diff d
' the f1r sty (RUER I hoMHrhe ST bolhéte b ihble IPRRAL uAT P
sim | ar andaplaailess theshadulato Havaesdhopordon egddsed to bubibiks antformiyngidy

w Il not be _described repeatedly. 25Fig. .9 shows a second enbodi nent.
furthermore, the skirt prevents the bubbles from scattering. This allows diffused air to

15 be effectively used and thus efficiently sway the hollow fiber membrane, and can
consequently contribute to a reduced amount of air to be jetted.

Furthermore, hollow fiber membrane module 2 having each hollow fiber
membrane 20 with a lower portion supported with gap S therebetween allows air
passing through gap S of each hollow fiber to be loaded on a surface of hollow fiber

20 membrane 20 and the liquid that flows adjacent to the surface ensures that a suspended
component deposited on the surface or between the membranes can efficiently be
removed. Furthermore, the hollow fiber membrane module having hollow fibers
bundled together that can be thoroughly exposed to sufficient bubbles can have a lower
portion without a solid content deposited thereon and thus ensures a steady filtration

25 function.

[n particular, hollow fiber membrane module 2 formed of hollow fiber
membrane 20 of PTFE having large strength is advantageous as it can be operated for

filtration with continuous air diffusion without damaging/creasing hollow fiber.
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The second enbodi nent provi des a separation nmenbrane nodul e 50 as a

flat sheet separation nenbrane nodul e having flat sheet nenbranes 51
di sposed adj acently. Adjacent flat sheet nenbranes 51 are housed
inside a frame 53 surrounding their lower 111332: 911531 ends and
can be swayed as desired, simlarly as done in the first enbodi nent.
Menbrane aerating air diffusion device 8 is attached to frame 53 via
a holding nenber 31, simlarly as done in the first enbodi nent.
Furthernore, the remainder in configuration is also simlar to the
first enbodi nent_and provides a simlar function and 5effect, and
accordi ngly, wi | Fuitisrmges, st pjogeigtingpie diféepign device 6 uley mempranroagsating

third enbodi. A nbr,ane aer athon _device has nenbrane aerating.
ai - ai £ fusi Shontyi AP EDRS Al A i AP S BT PGB pB%on of

speci fi cal | NolRfw Bb&Gnéfibrage fiodak!YaniGhedalBbicvideld ddeumhgdnd effbet to
hol di ng nmenber 27. The remminder in configuration is also simlar and

provi des a eihangathe dptewtibeanhubitian eud disngilling stteam. not be descri bed
repeatedly, alth h this ex | & n.addi tional ly, reduce sol.i d
cont en? whi ch r e&éﬁﬂ@yahﬁ)aar@ﬁggf”fg%?‘% ‘?.Yr“i‘eaéggmé’%ldef ﬁ%raﬁ?rr‘ &ﬁ?lf&hlf’éf on
devi ce. Exeaphaioy HeleRe{1 fBRtafitly bebn v 1tahoNSs ﬁd?garcp»}i@e'ﬂ‘? Ny dbRgab! ¥r

aerating, nmenbrane aerating air supply 15neans and bi oaerating air
suppl y neandiffusipathotas Aok v aid edsmall kubbleshwhahare disedrablbeat ¢anrths

exanpl e of the.present jinvention, .an ig. 11(B) shows a conparative
exanpl e proW’Hf‘ﬁ‘&G%??dﬁﬁé %?%‘Htﬂﬁa%qg%gﬂﬁ’}‘fr&neans to provide entire
aeration in a veg§RhermbReite HERR4 Sl A0 ﬁﬁﬁ@k’aﬁ@ﬁerm%éi?&ﬂ%dp%@@%{ovided
separation menbranes neasured for total filtration Tesistance. 20For

a set 101 ux pithepgniagiclameralespespeghvdly nibatoaranetoaratialllyoforfro8ednirdhyidually,
t he exanple of the present, invention provided only |ocal aeration anc}Or

the compar af QM VESeEh IO R BT RGP TR A BT F8SOReRLPER conaniHian R5eRH
2 Son S0 Tl S UL Kt TR s B
| / h, air to diffuse it to reduce fouling.

Fig. 8 shows the first embodiment in an exemplary variation.

15 While the first embodiment provides hollow fiber membrane module 2 having
each hollow fiber membrane 20 in a form of the letter U to have a lower end turned, the
support rod may be dispensed with and a support member 65 in a form of the letter U in
cross section can instead be used to sandwich and secure the lower end therein. A
plurality of support members 65 spaced S as appropriate are disposed inside frame 27

20 externally surrounding the lower end.

A membrane acrating air diffusion device is coupled with frame 27 via a skirt
member, as done in the first embodiment, and the remainder in configuration is also
similar and provides a similar function and effect, and accordingly, will not be
described repeatedly.

25 Fig. 9 shows a second embodiment.

The second embodiment provides a separation membrane module 50 as a flat

sheet separation membrane module having flat sheet membranes 51 disposed adjacently.

Adjacent flat sheet membranes 51 are housed inside a frame 53 surrounding their lower
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252500 L/ h, and 3000 1/h, and provided a continuous, two-week

- operation for each anount. The result is shown in graphs shown
in Figs. 12(A) to 12(D). In each graph, dianonds represent the
present exanple's |ocal aeration, and squares represent the 111332:
911531 conparative exanple's entire aeration. As is apparent from
Figs. 12(A) to 12(D), it has been confirned that the exanple of the
present invention providing |ocal aeration provides small total
filtration resistance and thus allows a separation nmenbrane nodule to
have hol |l ow fi ber 5Smenbrane with a surface cl eaned nore effectively

t han the cofgssraatioar bexwmﬁd@s degividdiinglaglytas denagr tae ifiost. embodimerthe

t ti.on is ed t.,o.t he.abov b can be
b ovi ded | nilnyrra e PSR Svibel (S ared o GamEsS ey oRdinganemoer
gi st of the3prsasgmy hé"&’&fétlhﬂ{é firSOEmBaERRRhE F@f?ﬂhl&ﬁn&r@eth@p&ﬂﬁnder in

embodi ments provide a menbrane aerating 10 air diffusion device
att ached t ocenflgwwsionds dlsofinztar éx therfutstcenmeddimentt ad girorgdés asimdlat fmetion and

portio par.ati o nbr.ane. no ule he nmepbrane aerating air
di ffuslgon dE@/c?CE C‘HB‘%&*& npt eerRietYwal | and di sposed
around and down t he I ng
bubbl es t hat ar\é\@}ggtlt@ egé‘?sr %%ﬁﬁ%ﬂh%ﬁ%nemag?ﬁbﬁ%g%gm%h dF ¥l%h%§

devi ce al onmeﬁbear&ﬁemﬁﬂgdm/&hfﬂlsmmdé\h& Sanadhatu with aﬁﬁbpiraﬁﬂatﬂﬂdswrﬁeﬂm a
15 maj or anou uffic Furt her m)r menbrane aerating air

i 11 s on” dERECHISDY of FelaRmerrab T _ wethbﬂqmrcr@é ofipKingmember 27.
B S N
1: vedfel 26@ordinglyowill ndide desribednepeatedly, altﬁougimtﬂ@%karhpleg:aﬁlaﬁdmu@ﬂlw
P pe reduce a solid content which remains and deposits on a surface of the air diffusion
device,
Exemplary Experiments
Fig. 11 (A) shows the present, locally aefating, membrane aerating air supply

15 means and bioaerating air éupply means together provided, i.e., the afore-described first
example of the present invention, and Fig. 11(B) shows a comparative example
providing only an aerating air supply means to provide entire aeration in a vessel.

Their separation membrane modules had their separation membranes measured for total
filtration resistance.

20 For a set flux (i.e., a flow rate per unit membrane area) of 0.8 m/day, the
example of the present invention provided only local aeration and the comparative
example provided only entire aeration, and they both provided aeration (or supplied air)
in equal amounts.

The examples both provided aeration in a varying amount of 1500 1/h, 2000 1/h,

25 2500 L/h, and 3000 /h, and provided a continuous, two-week operation for each
amount.

The result is shown in graphs shown in Figs. 12(A) to 12(D). In each graph,

diamonds represent the present example's local aeration, and squares represent the
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6: bioaerating air diffusion device 7: nenbrane aerating air supply

pi pe 8: nmenbrane aerating air diffusion device 2520: hollow fiber
menbrane 27: hol di ng nenber 50: control device A, A2: air diffusion
hole 111332: 911531 CLAIMS |I. An inmersion type nmenbrane nodul e unit
conpri si ng: an i nmersion type nenbrane nodul e for
menbrane separation activated sludge 5filtration; an ext ended
wal | extending froma |ower end of said nenbrane nodul e and
surroundi ng a space downward of said nmenbrane nodul e; and - a
nmenbrane aerating air diffusion device disposed at one of a |ower
portion in SYUNPRTaYECEcage Beiiee perplen.ar ound and downward of said

! _ . il a | o
matri xR O bR O hial o2 P BT e s SrEhR B i
gaps t her ebetangse of G@ipdesext i@n@lﬁ@n\/yﬂbdzidgi@zls&a{nrﬁeﬂaﬂbpbﬁﬁf_icfers%maﬁ%al fltfation

di ffusion holes to said gaps. _ e i nmmersion type
nmenbr ane notf§istngs prd tes sllelvhg seraratioaimenbranhimoditle:to have hollow fiber

5 membrane with a surface cleaned more effectively than the comparative example
providing entire aeration.

The present invention is not limited to the above embodiments, and can be
provided in a variety of forms in a range which is not beyond the gist of the present
invention. For example, while the above embodiments provide a membrane aerating

10 air diffusion device attached to a lower end of an extended wall extending from a lower
portion of a separation membrane module, the membrane aerating air diffusion device
may be remote from the extended wall and disposed around and downward of (a space
inside) the extended wall. Guiding bubbles that are jetted from the membrane aerating
air diffusion device along the extended wall to the separation membrane module in a

15 major amount, suffices. Furthermore, the membrane aerating air diffusion device or
the extended wall may be provided with an introduction hole for guiding bioaerating
fine bubbles, raw water and the like to the extended wall's internal space.
REFERENCE SIGNS LIST

1: vessel

20 2:  hollow fiber membrane module

S: bioaerating air supply pipe

6: bioaerating air diffusion device

7. membrane acrating air supply pipe

8: membrane aerating air diffusion device

25 20: hollow fiber membrane

27: holding member

50: control device

Al, A2: air diffusion hole
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15said air diffusion device has an upper surface covering a projected

area of said nenbrane nodule; and said plurality of air diffusion

hol es are provided at said upper surface. 3. The i nmersion
t ype menbrane nodul e unit according to claim1, wherein 20said
plurality of air diffusion holes are provided uniformy to correspond
to said gaps of said separation nenbranes. 4. The i nmmrersion
type nenbrane nodul e unit according to claim1, wherein said nenbrane
nodul e is one of a hollow fiber nmenbrane nodul e and a flat sheet
25menbr ane nodul e. 5. The i mrersion type nmenbrane nodul e unit
according to claim1, wherein said segaeAINIOn nenbrane is forned of
PTFE. 111332: 911531 6. The i mrersion type nenbrane nodul e
unit according to claimb5, wherein said nenbrane nodule is forned

wi th hol I ow fi ben. mamlimiesion fype HdmthundhRdule Q3R IREprishig: 7. The
i mrersi on type nmenbrane nodul e unit according to cIa|n1§, wherein

sai d hol | ow fi befn framgrsindypd membmneendride for mpanbrentsepamtion vetivge sludge
pore diamet i %%ual to or larger than O 01 m croneters, an average
t hi ckness e§J§1 f or larger than 10 nicroneters, and a tensile

strength equal t@n ektchd@daesll éﬂé’tfﬂirié’ﬁ%mlo%r g&d binegh fn@mﬂ*a%e?n&ﬂﬁé'%%q .

8. Menbrane separation activated udge process equl pnent of a si
vessel typesprovdiigrigspetodevenvard of said dnemebrbnamedslepardat i on within a
single vessel, having in an d sludge tank: 15an | nmersion

in acttwﬁ ..
type menbrane no8d @ ARG KOG, g‘%f‘Bn GFuPRflpposgd @t one of a lpwer portion in
bi oaer at i ngsal kpfe bhda P8R I ¥0nRd YRE8Eh M ' H%%hé '
and i ndepenaent P of asai g ailr di ffusion %v?@e&%?%vﬁée@d@gﬁgu firelit) bt
oxygedOt o aeiridiffitsexh lellescaysnged in a matrix, _
said membrane module having separation membranes with gaps therebetween,

said extended wall guiding bubbles from said air diffusion holes to said gaps.

2. The immersion type membrane module unit according to claim 1, wherein:
15 said air diffusion device has an upper surface covering a projected area of said

membrane module; and

said plurality of air diffusion holes are provided at said upper surface.

3. The immersion type membrane module unit according to claim 1, wherein
20 said plurality of air diffusion holes are provided uniformly to correspond to said gaps of

said separation membranes.

4. The immersion type membrane module unit according to claim 1, wherein
said membrane module is one of a hollow fiber membrane module and a flat sheet

25 membrane module,

5. The immersion type membrane module unit according to claim 1, wherein

said separation membrane is formed of PTFE.
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9. The nenbrane separation activated sl udge process equi pnent

according to 20claim8, wherein said air diffusion device of said

I mrer si on type nenbrane nodul e unit supplies said separation nenbrane
nodul e with coarse bubbles for aeration to clean nenbrane and said

bi oaerating air diffusion device supplies fine bubbles. ~10.
The nmenbrane separation activated sludge process equi pment according
25to claim8, further conprising a control device to control said air
di ffusion device and said bioaerating air diffusion device

I ndependent | y.

6. The immersion type membrane module unit according to claim 5, wherein

said membrane module is formed with hollow fiber membranes of PTFE bundled

together.

7. The immersion type membrane module unit according to claim 6, wherein
said hollow fiber membrane of said membrane module has an average pore diameter
equal to or larger than 0.01 micrometers, an average thickness equal to or larger than 10
micrometers, and a tensile strength equal to or larger than 10N/mm? as defined in JIS K
10 7113.

8. Membrane separation activated sludge process equipment of a single vessel
type providing biotreatment and membrane separation within a single vessel, having in
an activated sludge tank:

15 an immersion type membrane module unit according to claim 1; and
a bioaerating air diffusion device underlying said membrane module unit and

independent of said air diffusion device provided to supply oxygen to activated sludge.

9. The membrane separation activated sludge process equipment according to
20 claim 8, wherein said air diffusion device of said immersion type membrane module
unit supplies said separation membrane module with coarse bubbles for aeration to

clean membrane and said bioaerating air diffusion device supplies fine bubbles,
10. The membrane separation activated sludge process equipment according

25 to claim 8, further comprising a control device to control said air diffusion device and

said bioaerating air diffusion device independently.
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