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in association with nmenbrane filtration nodules to
provide inproved fluid distribution 5 and flow into

t he associ ated nodul es. BACKGROUND OF THE | NVENTI ON
The inportance of nenbranes for treatnment of waste
WATHIE:| MIFDGICIJAMBIERIl y. It is now wel |l known that
menbr ane processes can be used as an effective
tertiary treatnent of sewage and provide quality
effkcypnicAIHemeYEr, the capital and operating cost can
be 10 prohibitive. Wth the arrival of subnerged
menbr ane processes where the nenbrane nodul es are

Lg{?;?ﬁggfe?%rﬁ (1)1{9%&9811 f&aaes '&%gg%l?ﬁlg gﬂi L 412184 Baektfods for use of a chamber

sucti on tothe filtrate

side of the penbrane, nmbr ane hi or eact.qrs_conbi ni . et
Db i MBS Iec e BBLOE oo Ye Tap Ry gd Ruldlistribution
prom se to be nore conpact, efficient and econom c.

Daed flowtifiteithe ssspeiateil madylest he si ze of menbrane

bi oreactors can range from household (such 15 as

septic tank systens) to the community and | arge-scale
SBAAUEGROEANDWR THEMVENTIERS of a nenbrane filtration
process |l argely depends on enploying an effective and

ef fici g}ﬂ gflg&%@@ Bf MleRMRIHRE forRichRcknt CPRARE h'v@étéﬁ@growing rapidly. It

physi c aning methods 1 nclude backwas

(backpul se, backfl us using a |liquid r meat .

g frefiEhan tit bt tsfng 0 Po Lol g heftls, Byiary roatment
gas in the formof bubbles in a liquid. 20 Exanples of

t héseveagenad pygyedesfualist ffigents Homeyen Hgtcapital angdyoperghng cost can be
States Patent no 5,192,456 to Ishida et al, United
ShadhitsitiPat With thie arrfvaPeitsubavrded niimhierasd pratessédnivherd the membrane
States Patent No. 5,639,373 to Henshaw et al, United

S fos A BtherDt in% 1483 FO83 a0 akdeBR RS 8b11dthe PHRFLIRH Suction
P pl1cation No. 8/ 28066. WD 2004/ 050221

P%lélféldztg %’?61 1(1)1%% ess%de of the membrane, membrane bioreactors combining biological

and physical processes in one stage promise to be more compact, efficient and economic.
Due to their versatility, the size of membrane bioreactors can range from household (such
as septic tank systems) to the community and large-scale sewage treatment.

The success of a membrane filtration process largely depends on employing an
effective and efficient membrane cleaning method. Commonly used physical cleaning
methods include backwash (backpulse, backflush) using a liquid permeate or a gas,
membrane surface scrubbing or scouring using a gas in the form of bubbles in a liquid.
Examples of the second type of method is illustrated in United States Patent no 5,192,456
to Ishida et al, United States Patent No. 5,248,424 to Cote et al, United States Patent No.
5,639,373 to Henshaw et al, United States Patent No. 5,783,083 to Henshaw et al and our

PCT Application No. WO98/28066.



2 I'n the exanples referred to above, a gas is
injected, usually by neans of a pressurised bl ower,
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subnerged to form gas bubbles. The bubbles so forned
then travel upwards to scrub the menmbrane surface to
renove the fouling substances forned on the nenbrane
sur f abethe Thempsibereferfalrto @bdvey p gasisgjettad, gmhally & inesnsorf a
the initial gas bubble velocity, bubble size-and the

I Wi REd biBlver, 9o @8R uAPB)steptwhére lalBeribiaht fduithe sibmkrged to form

ttansfer in this approach islimted to the

PRI AR Bhi I SR &th@@a@ts&}ub G surface

nore gas e sup

However, thls nmet hod has several vant ages

c rsmons thesfpyling sybsianees formed Ry f‘ﬁ%&f %f%%r?%’l% ?heélt force
or froth flow reducing effectlve menbr ane 10

f piodnedd largehrrehics amitie meitidlegad bsbbla velovity, bubbie sineand he resultant of
Mor eover, in an environment of high concentration of

Sﬁirbéisa Etlé@tog% bEbbIed. I THE O trENFEEMHINR Ypetbaciiis linted to the
becone bl ocked by dehydrated solids or sinply be

ITB@?C‘%IS’%’EF\’MF? ﬁgt %ﬁ%n frlqgc‘ﬂ lglgﬁles n%’ﬂ%lallléé th @(ﬁ'ﬁﬁ‘bmggffect more gas

ranes

flexible in the m dIe | on |tud|nal di rection

t hes tedgerpaliody Havwsyar. dlys E%eﬂt &7ver ah%aéwt?aeéi jtisogsumes large
towards to 15 both potted heads. Wien such nodul es

apmousie df emergy) pessibly domesmhist anfireth flomyretigihg effective membrane
concentrations of suspended solids, solids are easily

t FARRRH a¥dal M mb}Be BBSIRERRELO rhétHages. eeR6V@] fnyan dhvirbement of
proxinmty of two potted heads. The nethods to reduce

t

ST 1 D05 B Gp T BRI Sl o
:gir’ Hglg}d? ?FI% ;}1}%21%? 85??&13912\58{2)10]%%? VRGH an Y ‘@@Pq}gﬁ@gﬂy ceases.
descri bes the use of a mxture of gas and liquid to

ef f ecFommbst capidlary mbmbsne huclplesf therpreprtaanes areTfiexible in the middle
arrangenments and net hods descri bed herein provided

a('l@hﬁiﬁidlﬁdl Hﬁleﬁldf@w ik ndcduil@Wubnd 6 betphtecarsiclesy flaxgbletowards to
menbr ane surfaces. DI SCLOSURE OF THE | NVENTI ON 25 The

5P E)St?fl&wtteéi ﬂgzﬁﬂt '\flébglss{ﬁf:h L fSies b dskS AP TR cotBfkifg high

tO over comne

concentrations of suspended solids, solids are easily trapped within the membrane
bundle, especially in the proximity of two potted heads. The methods to reduce the
accumulation of solids include the improvement of module configurations and flow
distribution when gas scrubbing is used to clean the membranes.

Our earlier International Application No. WO 00/18498 describes the use of a
mixture of gas and liquid to effectively clean the surface of membranes. The
arrangements and methods described herein provided another simple way of achieving
effective scouring of membrane surfaces.

DISCLOSURE OF THE INVENTION

The present invention, at least in its embodiments, seeks to overcome or least



WD 2004/ 050221 PCT/ AU2003/ 001632 3 aneliorate sone of
t he di sadvantages of the prior art or at |east provide

wao b@4ps2ki c with a wuseful alternative. Accor dPEAU2003/001632

10

15

20

25

one aspect the present invention provides a nmenbrane

nodul e including a plurality of porous nenbranes

extending in an array and nount®d, at |least at 5 one
endelidrateaohead e disaivanthgaddtheymidrng @ ableattgrowvfle the public with a
di stribution apertures for distributing a fluid into

Sad g mpdHaavand along a surface or surfaces of said
nmenbranes, a chanber having one open end and anot her

end in,flui.d comuni cation with said.. distribuyt]

aper t uf SETHBIE 1 8¢ iaﬁ%etck E}ée B ﬁ‘&?rgl%%oﬁéoé)ilc%g 4 Hbmbrane module
distribution apertures. In an alternative aspect, the

piebising 1 Rty oA Pprows MmeEbraes s5isading yn ar RN BRRoUmEg, at least at
nodul es including a plurality of porous nenbranes

esheraidngn i 0 headay saiy heddenduamingda manbdreaf distibwiva apertures for
end, in a plurality of respective headers, said

h ﬁﬁgﬁ{uﬁng &S GROEAIGWRRD shd VA SlefRe BHFR@IcePbf said membranes, a
di stribufion apertures therebetween for distributing a

fluid into.said asse f rane. ot : .
ity Gl oRECRR Yol apPREE R PO Sgmiltication with sed
chanber_ havi ng one open end and another. end.in fluid

C SiFFmTiOREPEHIY o8 dSRTIngsaig i foratd GRTRBET HPERISor
distributing said fluid to said distribution ‘
aper t uiesn alternative dspeaty thé prdsentiinveativh egviddseanf 4ss¢nablymy membrane
be gas, usually air and in another form of the

| eRntcs QRcihdifg fl prud1ifRYr R0 Mbmbiihes OfteliBifig @08 array and mounted,

l1quid, usualTy air and feed liquid. The termliquid

as, used _herein will, be famliar those .ski L

¢ ot 38° ShE gty s oieRfye BB il oadeif bhilg configured to
usual ly considered as liquid feeds, such_as. 20 . o )
s DEpyides? swabennidistebwtion spesurss dheelptween fpg distributing a fluid into said
inorganic matter in |iquids, suspensions of biomass

i msseaiby of wendranshinotules andielong aaswifach er Isifages mf said membranes, a
m xtures of these. Preferably, the chanber is

e RRFRrehavifie tonk SopeRr BiE Al MhotHeh enldeRgifid fcof@hthication with said
chanber s greater than that required to provide a

st.at i.c _head, whep the. rane.j: s, i . i:
;iR ar e R DR NERR ARG REIRER i Booryesy
to the_head loss for th S flo
In one form of the inventleong ‘ﬁw ﬁlﬁd mayvl\ge gas, usually air and in another form

of the invention the fluid may be a mixture of gas and liquid, usually air and feed liquid.

The term liquid as used herein will be familiar to those skilled in the art as
encompassing the range of other materials usually considered as liquid feeds, such as
suspensions which contain suspended solids or inorganic matter in liquids, suspensions
of biomass in water, water which is turbid and the like, or mixtures of these.

Preferably, the chamber is elongate, that is, preferably, the length of said chamber
is greater than that required to provide a static head, when the membrane is immersed in a
liquid and gas introduced into the chamber, equivalent to the head loss for the gas to flow

to said distribution apertures. That is, the length of the chamber should be sufficient that
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the supply source or manifold through the distribution
apertures rather than the open end of the chanber.

Wiile the termnixi ng chanber i% used, it would al so

ball passBdovod Eomothel egly bmirther mpnifdé troughy thetdissriba®onaapertures rather
m xi ng junction. 5 In some enbodi nents, the chanber is

efiah AREsheRRnAlF i 8Sbertlovever, if the chanber is
sufficiently dinensioned, it may not be necessary for

: E: ﬁ;%ﬁﬁ%ﬁ@e %E’B%qi%%n%f(’%g%bgr5¥ gé\éa A ]it%w%ugé ?fég Iblg é)glggﬁlyl{s ﬁde Hescribe the

form of a linear array, with a plurality of headers,

t PISPEITE {VigRjOhas SIHFING jWSHOY-ust for the chanber to be

encl osed along the two | ongest sides. Preferably, the

menbr ahesome ehdoilsndnts, tthe cifnferrimentloasd enmtadingides. However, if the
| i near array wherein the chanber has encl osed | ong

stif@sher MMBriciBktBf @hRRSI¥ned RendBRRHRARC If8r th8 sides td16e enclosed.
formof an extended l|linear array wherein the chanber

hgs unencl osed shor.t. .sides. |n a fur .

BT R R Rl R AR A B sfgmogies o the form
such a case, the sides of the chanber are posit.ioned

t of & linegr amey.ayitlya pRahty ok headerspibep i m%bqwfﬁgsafdﬂstépr the chamber
group of headers. In such a case, the sides of the

ctvalnb encloseyt ahmtg the twarlandest sidesb ukreferahly,etha mpnghramagodule is in the
sl ope inwardly towards the header. The chanber can be

oforRN¥f S eRendR Fesmk hedy hthefPN R fhaamer a8 khausat 1088 sides. More
of menbrane nodules. I'n preferred enbodi nents, the

I;g%fﬁ‘?%trlg,_rthgﬁgeg@rgnea&%dﬁg l‘f? %I}e%leifg of Gh %?ﬁ%gd%d@ﬁeeag array wherein the

over mani i'S"so cal ecause

when viewed from 20 above, the manifold has the shape

ofhagnber bgssynenglgsed shgrtisidethe i nvention is descri bed

with reference to this one preferred enbodi nent, it -

wi || b yet ddusher attemnhtive, theechamberf mbylhaersides but no top. In such a

configured to have any desired footprint, for exanple,

| $asBBYe Bidled bMBB CharhiRG A SHdltRmed tooflibafagtialiefae QNkirt B&l6w the
header or group of headers. In such a case, the sides of the chamber may not be parallel,
but, for example, may slope inwardly towards the header.

The chamber can be of any shape as desired to contain any configuration of
membrane modules. In preferred embodiments, the header or headers are mounted in a
clover shaped manifold. The clover manifold is so called because when viewed from
above, the manifold has the shape of a clover leaf. While the invention is described with
reference to this one preferred embodiment, it will be understood that the manifold can be
configured to have any desired footprint, for example, it may be linear, rectangular,
square, hexagonal etc.

According to another aspect, the present invention provides a method of removing

a fouling material from a plurality of porous hollow fiber membranes mounted and
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nmount ed and WO 2004/ 050221 PCT/ AU2003/ 001632 5

extending longitudinally in an array to forma

menbr ane nodul e, the method conprising the steps of:
pegendihg raitsdiuaiteincdin gesy tb doran e heamibeand modilaj e method comprising
conmuni cation with said nmenbrane nodule; 5 flow ng

tﬂ%s@% S okrom the chanber into a base of the nmenbrane

nodul e to form gas bubbl es therein when said nodul e

it ﬁ@'vggﬁé %ﬁ%’&lfcgsa%g?} 0 a ngmgér:gy gﬁlﬁ ﬁcﬁxﬁhﬁcgﬂo W?tfh said membrane

menbr anes i s obtai ned and whereby fouling rraterl aI S

am@dgies| odged from't he surfaces of the porous holl ow

fi ber nmenbranes. The source of gas can be provided to

t flewdipatieegasefroiethe vahtinber trite achesetudrthe trsghlrane bipdute to form gas
from bel ow the chanber. Preferably, said chanber is

ehongald el rep %aﬁr}ﬁo@iﬂg s ARdelsb®iPh Wi@ﬁude '%hekébyf dnUifivard flow of

conmuni cation with the nenbrane nodul e.

L 0 5y TR P RGR vhrs

present |nvent|on provi des a net hod of renoving 5
f Eenlinganateniale prgidislodsed Aom theritpges of tegrosers hodomogper ‘Tembranes.

fi ber menbranes nmounted and extending |ongitudinally _
in an aheayurteof gasman baprdyidadeo tindcHambet bigharetithinlthe chamber itself,
conprising the steps of: formng a mxture of gas

bgpg{)ﬁﬁo@g\gtﬂém eMthin a mxing chanber; injecting

m xture into base of the nenbrane m)dul e,

Wher ebi’ge:a}nsqaggrh galﬁ SL?%WrQ% Blgpgaté h?thr%ﬁételﬁd% (g aﬁ& %he dother end in fluid

surfac Fanes 1St

and whereby fouling materials are dislodge fromth
sepmavaicapn prith the mamabrarg medile; b py &n ga?bsrpm‘”ded through
preference, the step of formng a m xture includes

eftier ggeniend of the dhamblubbl es

According to another aspect, the present invention provides a method of removing
a fouling material from a plurality of porous hollow fiber membranes mounted and
extending longitudinally in an array to form a membrane module, the method comprising
the steps of:
forming a mixture of gas bubbles and liquid within a mixing chamber;
injecting the mixture into a base of the membrane module, whereby an upward flow of
the mixture across surfaces of the hollow fiber membranes is obtained, and whereby
fouling materials are dislodged from the surfaces of the porous hollow fiber membranes.

For preference, the step of forming a mixture includes entraining the gas bubbles

into a liquid stream. Preferably, the gas bubbles are entrained into said liquid stream by
means of the chamber. For further preference, the gas bubbles are entrained or inj ected.

into said liquid stream by means of devices which forcibly mix gas into a liquid flow to



into a liquid stream Preferably, the gas bubbles are
entrained into said liquid stream by neans of the
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entrained or injected 25 into said liquid stream by

means of devices which forcibly mx gas into a liquid

flow to WD 2004/ 050221 PCT/ AU2003/ 001632 6 produce a
mproducea ofixthieqpfiliduahghddwibbles ssuck deticebduéludingiarjet, ndialg ejector,
a jet, nozzle, ejector, eductor, injector or the

| EdfRetor] et or YRElk dTBhel dA6 biskiBN A} fncludd W ESky 28R SRGsus chlorine or
chlorine"or ozone. Air 1s the npbst econoni cal or the

pur poses_of, scrubbi ng and.o [ .

CHEBR: i S BB eip BRr s iRl B seriRREP R or gegpion.
enhanci ng the cleaning 5 efficiency. by chemcal . ,

- Giasecs Ahlaring ey FENSHBIE STLPHEB LIS Hr R B FIaHGRE the cleaning
besides the simlar effects nentioned for gaseous '

c bffiénog by bhsmizaldicsdtionalt tHeentbrass swiach. Abe usd afi aziongy besides the
DBP (disinfection by-product) precursors and

C QiVieh LiBSs RRAt S RIBIE AR 1AM Bas dddRicnhPleatdf@alich as oxidising
matters) to bi odegradabl e di ssol ved organic carbon. It

[ r.ad | ref err i f kT ' . I, 3h )
RSB uP EBa S g5 ol SR B hegRidiblions
liquid which is entering the m xing chanber.

Pleatapbengguic maters) fo bighessadably dissel el or s e i s

defl ected, for exanple, by way of a T-piece or baffle.

The | i Bus gerpradfygrefotryd diibeais egthengribeinnigingrhatmber isyeflegied away
of a nozzle. According to a further aspect, the

PHRSEME sbitée Bt 1R MNigRIO¥hidR $s éhiéfEhaRfxiB@HAaber. Preferably, the air
conprising a pl urgl ity of porous nenbranes, said

menr.anes. bein f el I i i .

ARDRHEE B RN b GBI SO S Jek T ey batle
said nodule for mxing together |jquid and S

bdibe liguidmseisrably enbers tha wRAISEhamber DY W% Q82 RRZS f or

flowi ng said cleaning m xture along the surface of

sai d rentdarpds atfortbiérsispettyehé prgbémt gnventioreproaidss a membrane module
therefrom According to one preferred form the

PlesBAbking A PRALKEG b ?bﬁ)‘ﬁb deentRane] ATUmeibrad@s bEAP Wirfigped in close
fouling materials fromthe surface of a plurality of
po?&xlilsitg% lozlgf WarIo'th‘ali,ea miBHP b f@ﬂ&iﬁ%ﬁ@@d@ﬁﬁ%ﬁ%ﬂﬁ&m module for
Ignglrt][1 inart y to rane

u yInan arr orma ne

mixing together liquid and gas bubbles to provide a cleaning mixture and means for
flowing said cleaning mixture along the surface of said membranes to dislodge fouling
materials therefrom.

According to one preferred form, the present invention provides a method of
removing fouling materials from the surface of a plurality of porous hollow fibre
membranes mounted and extending longitudinally in an array to form a membrane
module, said membranes being arranged in close proximity to one another, the method
comprising the steps of forming a mixture of gas bubbles and liquid within a mixing
chamber, said mixture being formed by said gas bubbles being entrained in said liquid by

flowing said liquid past a source of gas so as to cause said gas to be drawn and/or mixed



nodul e, said nenbranes being arranged in cl ose
proximty to one another, the nethod conprising the

waee@pssbl forming a m xture of gas bubbl es andP¢T/guad3/001632
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within a mxing chanber, said m xture being forned by

sai d gas bubbles being entrained in said |iquid by 25
flowing said |iquid past a sour’ce of gas so as to

ciauts €id Hynidghcwing shid mixawe irao d4id membrant MEMAO Gudtoba2id bubbles
PCT/ AU2003/ 001632 7 into said liquid, flow ng said

BB%% Fﬁlfstdnﬁtaﬂy SRIESHITR BRGRBE cPAGHERLEHE th daltPdrr§abdin combination

es pass substantially uniformy between each

EAECRR R

renove accunul ated solids fromw thin the nmenbrane

nendigs conswithin the ereEbEeanodye menbranes conpri se

porous hollow fibres, the fibres being fixed at each
end i Rorprafeeahee,,thé membeanes corepideerponasi hndlownibres, thwfileres being
hol es forned therein through which m xture of

gﬁﬁéd at b en Binl AN QGUER oW E1ABaldiRiatingions of ARdR1es ORMed therein
hol es can be circular, elliptical or in the formof a

t. . Pref bl he. ' :
7 B VEHE e g RS BRuARh 1 RRLRk S holes
plurality of headers, the | ower _ headers being
c et heyaircatprs Slipieal pde the fnmRiesidf di stribution

apertures therebetween through which m xture of )
gas/ | Prpiérdbliysthe inreintoshes edmpriemparhes mlloivnfjbrshaht §bres Phiag fixed at
fibres are nornally sealed at the | ower end and open

abadn@lin HPRLALI§BEhtAeR RowELHENES beihgcbhfigidbdto provide a
however, in sone arrangenents, the fibres nay be open

b TR AP PSR et Pt ory i

process descrjbed.is equally applicable to other forms
ofntipdpeadarem R mINng ehagibes) at e nenbr anes.

Al ternatively, the nenbranes may be flat sheet or

cur t aiThe ffibkes ateotdrmailf stnied attelioives sndvndopepat theirappemend to allow
t he header configured parallel to the flat sheet. 20

| BorX&fal B filifatd) BbwaYdr Sih B \Weransapasitd ey fibras flayibabpéryat both ends
of headers w thout apertures
to allow removal of filtrate from one or both ends. It will be appreciated that the cleaning
process described is equally applicable to other forms of membrane such flat or plate
membranes.

Alternatively, the membranes may be flat sheet or curtain like hollow fibre
modules, with apertures in the header configured parallel to the flat sheet.

In yet a further alternative embodiment, a plurality of headers without apertures
may be used, provided these are spaced such that the gaps between the headers define an
aperture or apertures for the fluid and gas bubbles to scrub the membranes.

In an example of this alternative aspect, the membrane module includes a plurality

of porous membranes extending in an array and potted in headers. Said modules are

mounted in such a way that said headers are configured to provide a number of



may be used, provided these are spaced such that the
gaps between the headers define an aperture or

wapeavsmes for the fluid and gas bubbles to scPCivAUL®3/001632
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menbranes. In an exanple of this alternative aspect,

the nmenbrane nodul e includes a plurality of porous

menbr anes extending in an arraypand potted in headers.
Sdiisttibuticn bipstuagseh@Sbatwaert fod distrityuinlg afluidjnto katl nyaiudes and along
headers are configured to provide a nunber of WO

28RH:0002A1 RehbAHS) A3hAABEIAVING dhie Dheh bt drfanother end in fluid

apertures therebetween for distributing a fluid into

saij duJ) es .al sur i .

o PR L B S o B B3 R SRR IR 10 i
cgn&&PLcation with said distribution apertures for
dfistIbUHER PRRYEES d fluid to said distribution

apertures. 5 Particularly in the case of fl at-sheet
menbr Bartisulerly outhe sase-dfifletshest inewbtanise pr curtaéntlike holigve fiber
there are no apertures are in the | ower header,

apRHEME,8phedd tHeRSHa 86 Spdritires drb Wl theadtlerdRaduir@Ees @R Passages for
be formed by nmounting nodules in close proximty

{:ﬁ%\é@% g%s b esUan 98 @g’mpe%tq‘eﬁrﬁ&ﬂ{l}ﬁg%&ﬁﬂes/}n Rosk g.ﬂ)xilaity leaving a

er <can encl ose several’ no sin an arra
According, to yet further aspect, the present

i BAPH 328 PEIseh Bwdulssnenbr ane nodul e for use in a
menbr ane bi oreactor including a plurality of porous
hol | ofv mixenghamber ¢adpranslosx seyarhl npdulsadn anuairayal | y
bet ween and nounted at each end to a respective

pot t i pgcdiging to §etiakulBEtH:paS, thé Pressnt RBicRto@provitde d rhdinbrane
close proximty to one another, said fibres being

parti t.i y k-

SRS th B Ghea RS AhrdiBPSpbucionioy
form a space therebetween, i Xi ng chanber . connect ed
omeEEmeTes SR reitainalydeimeriand ruwategrat galcpnd 10 o
potting heads having an array of openings forned

t tespesitive potting hieatl, saidmembkrang Herenbeing sapugedhanivee pfogimity to one
provi di ng gas bubbles within said nodule such that,

| Bnois®, saS@fibre BbiaL partiloned Pes 4 ntlibersdfiuadRs aikasi at 6t adjacent to

menbrane fibres to dislodge fouling materials

t ﬁl%fr%gp%rﬁve potting head so as to form a space therebetween, a mixing chamber
connected or open to a source of gas and liquid, one of said potting heads having an array
of openings formed therein in fluid communication with said chamber for providing gas

bubbles within said module such that, in use, said bubbles move past the surfaces of said

membrane fibres to dislodge fouling materials therefrom.

According to a further aspect, the invention provides a membrane module for use in
a membrane bioreactor including a plurality of porous hollow membrane fibres extending
longitudinally between and mounted at each end to a plurality of respective potting heads,
said membrane fibres being arranged in close proximity to one another, said fibres being
partitioned into a number of bundles at least at or adjacent to their respective potting head

so as to form a space therebetween, a mixing chamber connected or open to a source of



20 According to a further aspect, the invention
provi des a nmenbrane nodule for use in a nmenbrane

wheoresieceor including a plurality of porous hoPCDWU2003/001632
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menbrane fibres extending |ongitudinally between and
nounted at each end to a plurality of respective

potting heads, said nmenbrane f9bres being arranged in

¢ bsmdpiquid, witl pottmgdeediram hemfigareddo pidyidesa mamber of distribution
partitioned into a nunber of bundles at |east at or

agh MueRtthérebdtheéd in MEQ86MmRiAAbA Wil shidafarBeSPr foviding gas
forma space therebetween, a m xi ng chanber connected

(@) . .
PRttt St o R U80S btes oy st fhe surfaces of said
heads bei ng configured to provide a nunber of

dmembrangtfitaes togisde H?rf@‘éllligrf@?fé%lts\ﬂéﬁ‘é?i[g?lﬁ- f1uid

comuni cation with said chanber for providing gas

bubbl Eke lifuil iusedsmpy berthdiufeel oubdhmietnbraneimodde , Tlsafilkes and/or fibre
bubbl es nove past the surfaces of said nenbrane

f bl @S they eosd @dgend MithdtBefPdel thApsitibNRERE Hich 3t i @6sirable that
liquid used may be the feed to the nenbrane nodul e.

Tﬁ% f%%g s and/or fibre bundles may cross over one

anoyﬁer jet ween the potting heads though it is

desirabl e tha hey do not. Preferably, the fibre

Wt ¢ hi Brefa e ﬁ%@%ﬂﬂ%%&%%f%@&@%&lﬂ@&&nw (e defined above)
above) of between about 5 to about 70% and, nore

pothatwedsl aboubf tovetmmt 0% Land Smore abletablys Hetweed @bFLIS to about 55%.
preference, said holes have a dianeter in the range of

about Fdr refefdhc8TBarl bl 80 e RIdResAeTh Yhd Angdef 45308 tP40 mm and
about 1.5 to about 25 mm In the case of a slot or row

gglglre{}%legeﬁ%bl% gletthﬁ'iég{(# é)%ﬂ%&dt QFSStoaa%Sutc%SQxﬁﬁp ﬁl‘i’hpc,ease of a slot or row of

er "of the above holes..
Typically, the fibre inner dianeter ranges from aboyt
ob&les e Hidgh pfitiots aprshonen ﬁosbe;ﬁ%‘@fe&bwﬂg lmerwé%%a%ewe holes..
about 0.25 mmto about 2 nm The fibres wall thickness _
i s 15Tyseallydthetiitye inngt diaingtes rangesiframchbotit @hgrrh to about 5 mm and is
required versus filtration efficiency. Typically wall

t Plc€deates sn 1he rglewFabold- 0015 ffh (& ABBUENETOT IR Bbie€Vall thickness is
between 0.1 mmto 1 nm For preference, the nenbrane

\',T\Aﬁﬁélhge%t 8{1 éﬁﬂ&'d% s %ﬁ%ﬁé{r&rﬂ{ {eﬁﬂiri:&‘{%%%?sgﬁlggﬁ?rg %@fégegéy. Typically

n Sa m Xi ng chanber =con I gure

f. f the I|i id.
a&%ﬁ thlcr:lgﬂ.@sg 1%%6%‘96%%%?050 to 2t m16n anldqg(l)r% often between 0.1 mm to 1 mm.

For preference, the membrane modules of the present invention include a deflector
within said mixing chamber configured to deflect gas away from the source of the liquid.
It is also preferred if the membrane modules of the present invention include a nozzle
whereby liquid is introduced into the mixing chamber.

According to another aspect, the present invention provides a membrane bioreactor
including a tank having means for the introduction of feed thereto, means for forming
activated sludge within said tank, a membrane module according to other aspects of the
present invention positioned within said tank so as to be immersed in said sludge and said

membrane module provided with means for withdrawing filtrate from at least one end of



It is also preferred if the nenbrane nodul es of the
present invention include a nozzle 20 whereby liquid

wo gookns2educed into the m xi ng chanber. Accor dPEIAU2003/001632

10

15

20

anot her aspect, the present invention provides a
menbr ane bi oreactor including a tank having nmeans for
the introduction of feed theret®h, neans for formnng

afald Nekeskbrshrugkge Wi thin said tank, a nmenbrane nodul e
according to other aspects of the present invention

00si 1] o . N . :
o d ARG P andELOrsh A e Bre3ine o BRAERS hithpd of
means, for wifhdrawing filtrate from at. lLeast one end .
bSO DRS0 DOBHOR 0B 53y GrB B 21p e Bioy S PipsPLComprisng
menbranes. According to yet another aspect, the

pinteduring fepé tn $&b<ﬂ1tqngommé%g a viRRble seid fiypetoavitdyay filirate
menbr ane bi oreactor of the type described in the above
agpeGonCRHNS p&ididcally i codimbagy fempdyihg a skiading amkiure of gas bubbles
applying a vacuumto said fibres to withdraw filtrate

5arfdthcL| 4 fo‘}ﬁ[fe}ﬁvlfﬁjé b &iﬁﬁ%icﬁﬁﬁélt@é}ygﬁ s§@ ggégﬁﬂgs*ﬁ'v%iahén said module such

suppl ¥y ng a cleaning”m xture of “gas bl &s

liquid forned in a m xi ng, chanber,thraugh .sai.d

Ao s> T8 Gler PR T s ot o gt ot S Spsgpbrane fibres to
said cleaning mxtures flows along the surface of said
néislodgnfouling megeriads thaiefosdge foul ing material s

therefrom If required, a further source of aeration

may bE r@qudnetige hrthiet Siuncet dfeetatink ntay begsodted Within the tank to assist
m croorgani smactivity and to reduce anoxi c zone. For

DA GAHRn IR TEIRG Bl TOH) St RAPRIBSAL, e oo
aergtjion m royi ded. beneat h_t.h .
S Bt et S R Dy R gfcraion may e

conprises a group of air perneable tubes or discs. The,
nereyided denesduthe stenenped megele o Pecderaplynthe furgler geigee of acration
backwash depending on the flux. A high mxed Iiquor of

1Borapisdee B geshipssfl didserfsatle tibeoo2dis&0 Thepmgmbrang iwedule may be
bi oreact or has been shown to significantly reduce

2 gﬁ%gt@@ Gfithldy %}Iﬁ;ﬂgbédmfagli’ @eﬂehhi%f; Jhehdiat.i Ahighlhexed liquor of

I'ned use of aeration for ot h degradati on of

gﬁrf%aRFnPi &gssgﬁisg@g%%sto 369)08%&% e %lioergemtcﬁ%ag BRerPERWm to significantly

reduce residence time and improve filirate quality. The combined use of aeration for

both degradation of organic substances and membrane cleaning has been shown to enable
constant filtrate flow without significant increases in transmembrane pressure while
establishing high concentration of MLSS. The use of partitioned fibre bundles enables
higher packing densities to be achieved without significantly compromising the gas

scouring process. This provides for higher filtration efficiencies to be gained.
BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will now be described, by way of example

only, with reference to the accompanying drawings in which:-



constant filtrate flow wi thout significant increases

in transmenbrane pressure while establishing high
w@oemgesent i on of MLSS. The use of partiti onedP€T/AD2003/001632

bundl es enabl es 20 hi gher packing densities to be

achi eved wi thout significantly conprom sing the gas

scouring process. This providesifor higher filtration

ef fi ciFequee &shdves Hpicgaiahgide eleBitldnfofBESERbETArdNN GRbIAKEmMOodules

DRAW NGS Preferred enbodi nents of the invention wll

NQYERENE &S 5 LBSHinRYt ¥Bde Riveitcipl e only, with

reference to the acconpanyi ng drawi ngs in which: WO

2004/ 050221 PCT/ AU2003/ 001632 11 Figure 1 shows a

pi ct okt al  si v.al i

ol Sitre 2 st B RYERag s By ea At RBE SR IREARR e modutes

Figure 2 shows a pictorial side elevation of a chanber

aRECHERE fuh EcoBe ﬁmégdmaee%eﬁip MY CRBO second enbodi nent

of the invention; 5 Figure 3 shows a pictorial side

el evati on of a chanber and nenbrane nodul es according
5to a Figurel3 ehdweld pistrriabside blevatipnenftaj chambet apgdraembrehemodules

a pictorial side elevation of a chanber and nenbrane

NMaetdrdifg s GFckrhdited Jfehy inRergivapdi ment of the

invention; Figure 5 shows a pictorial side elevation

of a chanber and nenbrane nodules 10 according to a

fifth 04 -2 g{ctc}rﬁ?sihgﬁ%%tgo%ztﬁ’ aadﬂgmglblg%{dﬁrg 5HA%Bnodules

a schermati c si evation o anber an rane

nmodul e accardjng to.a sixth .enbodi ment of the
i AYEH %?‘? a%?%{pregnbpdgﬂmw)f@eplpgqrgppm side el evation
of a chanber and nmenbrane nodul es according to
anot her enbodi ment of the invention. 15 Figure 8a
shows Figuse & skewsdipisiasishiside sleveion e dhampetang meppragg godules
in mxing chanbers of the present invention. Figure
10 8hcahding t@a fifithteherodiradre of € ievdntidn;adt of t he
defl ector for use in mxing

Figure 6 shows a schematic side elevation of a chamber and membrane module

according to a sixth embodiment of the invention.

Figure 7 shows a pictorial side elevation of a chamber and membrane modules

according to another embodiment of the invention.

15 Figure 8a shows a preferred embodiment of the deflector for use in mixing

chambers of the present invention.

Figure 8b shows a further referred embodiment of the deflector for use in mixing

chambers of the present invention.

Figure 9 shows a preferred embodiment of an extended chamber and linear array of

20 modules



chanbers of the present invention. Figure 9 shows a
preferred enbodi nent of an extended chanber and |inear

wa@eooayseel 20 nodul es WO 2004/ 050221 PCT/ AU200B¢DALSB2/001632
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12 PREFERRED EMBODI MENTS OF THE | NVENTI ON Referring to
the draw ngs, the enbodinents of the invention will be
described in relation to a neMBrane nodul e of the
type disclosed in our earlier PCT application Nos. 5
W98/ 28066 and W00/ 18498 whi ch are i ncorporated

h@RGIFRRIETS ERFSODEVENERCOF THENBYCENTIONW | | be

appreciated that the 1nvention is equally applicable

to other f.or of, menbr.ane dul e, i 0.k R
1 ¢ ndSTrerity Hro® Houine S utairvgs b elllop Riffb¥dbsiribed n
tubular or flat sheet form nenbranes 6 potted into a .
paelationygei anembrage prodiiec thytyae Aselgesd ig ourpgarlignPCT application Nos.
menbranes are typically encased in a support structure

( VWO98/128061 and WA00¢]1 846® wdhicheart incstyowated héreintyadesssrefrence,

are coupled to a clover type manifold 9 which in turn

| foGRnaeR LAY ble bBp13Biafel fhat %Bljiﬁderﬁioﬁﬁg ahRIGRBPIRGLIEHS other forms of
e ne

positioned below the manifold 9. T rane nodul e

IS %%%icall¥ imersed in a feed tank and either one or
bRFBHR8  Phe nenbranes may be used for the

perneate collection., The bottom of _.each nenbrane 15

modul ésshpws in Figyrg brihemembranggrodiies Fpically £ompRises ibre, tubular or
pot 7 to distribute gas or a m xture of gas and

| iffiatisickef el masbrahéss pettddrintoa m 7fvetesis seppprte By shaader 8. The
an enbodi nent where the chanber 10 is used to produce

a st Y HAE RN b foaliddnll SipPoit B @indi(A6t sAo®a)!N Beh®Embodiment
gas 12 wthin the chanber 10 and flowing feed |liquid

t hy ough, the ch er. 1 M X W O : )

S5 005 BRI BE o Py Ul B85 VRN i i comertea

enbodi ment the gas is fed from above .t hrough .t

clte ¢ pPereiided plongats shaber HOmosisinaed e das 16149, The membrane

typically suspended vertically in a feed tank,

h aneinde is tipicailyl imnbersealip radesdatpeld andeithet hee gatsothrepddoed the

provi ded to the chanber by
membranes may be used for the permeate collection. The bottom of each membrane
module 5 has a number of through apertures 11 in the pot 7 to distribute gas or a mixture
of gas and liquid feed past the membrane surfaces.

Figure 2 shows an embodiment where the chamber 10 is used to produce a
liquid/gas bubble mixture by providing a source of gas 12 within the chamber 10 and
flowing feed liquid through the chamber 10 to mix with a gas flow or gas bubbles
produced from the gas source 12. In this embodiment the gas is fed from above through
the clover manifold 9 as the membrane modules are typically suspended vertically in a
feed tank, however, it will be appreciated that the gas may be provided to the chamber by
any desired arrangement. The chamber 10 is open at its base 13 and liquid is flowed

from a pipe 14 upwardly through the chamber 10 to mix with gas provided from a source

12 within the chamber 10. If necessary, a non-return valve (not shown) or the like may



any desired arrangenent. The chanber 10 is open at its
base 13 and liquid is flowed froma pipe 14 upwardly

wa boosngz2t he chanber 10 to m x with gas provi dedI/AD2008/801632
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source 25 12 within the chanber 10. If necessary, a
non-return valve (not shown) or the |like my WO

2004/ 050221 PCT/ AU2003/ 001632 3 be attached to the

ghs aiauhed ¢o th2 ghosqres Ehto firbreent thgliquidplmse eatating thegas henifold.
gas manifold. The two fluids are m xed within the

chambgthe 1o PaiR:e: Retdagyitiet trhamBel QY Pdf¥re i feli Bbd afiformly
|ntothe menmbrane nodules 5 via the distribution

%ﬁiﬁﬁtg n% 1thg-|r_1§]e Chanbg%uli%g Xﬁgﬁorg%frﬂ)&ﬁ?lgta%é(rmres 11. The chamber
ca ture and mxing 5 device. Referring to Figure 3

¢ B refyzhasirect s cagRisd fha BRSSSOupRS) 2t s AaaKl of sy @vppre gd mixing
capture gas and/or liquid flow injected beneath it at
i dsvibase 13. The fluid flow energy is therefore
concentrated in the chanber 10 before distribution

i nt o RREARIRY BiBEre did BBmber is sRowh iSitPdppiosesTedita ddveee to capture
charrber 10 1s agai n open-ended at its base 13 but gas

.ggs 4 rqbqeugd il ré]gcte&i Sgnea{ Stga% ‘fﬁa%ﬁ tﬁf&l ﬁo&/aeigr@ is

open en
to capture the u vvard flow of these fluids, for

rec%@mpeﬂraf%l ipfilee ehawber BQ\beigre disfpbption wgo the membrane modules

S|n1Iar enbodi nent is shown in Figure 4. In this
e b dul e atrangamesinthe chardlgerilOas again opentdraled iakiés base 13 but gas or liquid
positioned at the base 13 of the chanber 10. The

V edihrdtided BohtLsokcel dn thid @kes P@@q 4t BE16Wahe bp¥redndk@d the chamber is
m xes or entrains the gas wi liquid fl ow ng through

f %ge% t %tg&em 5 ’up&?ﬁfﬁ%\g %g W%%@élﬁ%@%%%&f{l&%%ﬁ éé th% distribution

n1xture asses upwardly fromthe chanber 10 into the
Iéﬂ%ﬁ“ﬁ%ﬁher 8 and through the distribution apertures

11. Liquid feed is also drawn through the open end of

t he chasiimélar &Obddimentisishidwgam Figow 4 rforiis kmbodiment.ia venturi device
devi ce 15. The entrai ned gas bubbl es 20 scrub nenbrane

sysforeRSiME bsitisrdaeh Hid s PYBF Ghs cBhAP& 101 tThetvdgturi device 15
liquid flow Either the liquid feed or the gas can be

t ﬁl@glgets ggy ﬁllllgug%rln ertnlg,rl{ﬁxteg Spént}aﬂis%ﬁé ée&%ﬂ? H&lﬂﬁ'fﬂ)gvlffé]through feed

inlet 17, forms gas bubbles and diffuses the liquid/gas mix into the chamber 10. The
liquid/gas mixture passes upwardly from the chamber 10 into the lower header 8 and
through the distribution apertures 11. Liquid feed is also drawn through the open end of
the chamber 10 by liquid/gas flow from the venturi device 15. The entrained gas bubbles
scrub membrane surfaces while travelling upwards along with the liquid flow. Either the
liquid feed or the gas can be a continuous or intermittent injection depending on the
system requirements. With a venturi device it is possible to create gas bubbles and aerate
the system without a blower. The venturi device 15 can be a venturi tube, jet, nozzle,
ejector, eductor, injector or the like.

Although the embodiments of Figures 3 and 4 are shown with an open-ended



systemrequirements. Wth a venturi device it is
possible to create gas bubbles and aerate the system

wardohosie2a bl ower. The venturi device 15 can bRCHAU2003/001632
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venturi tube, jet, nozzle, ejector, eductor, injector

or the Iike. 25 Although the enbodi ments of Figures 3

and 4 are shown with an o en- ended WO 2004/ 050221

pembsrd@zit o*ohl@szpp@matqdaﬁmrclqsed chambyr|ohaydee used with gas and liquid
appreci ated that a cl osed chanber nmay be used with gas
ameingidipecttly injretadgntdi the clidnybernj ect ed i nto the chanber.

The liquid commonly used to entrain the gas is the

feed watg 'ligui@ac_%‘hﬁﬂ@{lﬁ s to erXif $hd %&ﬁ?fhe.tfgecfﬁ?tg{j %asgiwater or

filtered. Punping such an operatin I qui

v L or the..5 like creates a vacuumto suck the )

o SO by 1 B et HEpPrEREL e PR G Bt ventur or he
p[ﬁssure when a bl ower is used. By providing the gas

i kg crepigha gRcuURe i sugkiithe, gas eto thedédiidiarirednces thelgos Riagarge

of the distribution apertures 11 is substantially

r prbsaeel wheh e biowangesedn Bypiovitingthd £ i alfosi SBME 1ighid, the
Figure 5 also serves to reduce the Ilikelihood of

bh &GS &Bl&ﬁ%@éﬁﬁé §R4Hu A8 %&h‘i‘éﬁrﬁsis Tdodatda gegiluged.

particlés. In is 10 arrangenment gas, typica

IS 1nj into the clagver nifold 9 an he chanber

10 1 EF e S R CitP e ol il S alsPrigrer uteduce the
rﬁq%jreg to provide a static head, when the nmenbrane

i tksliead eEblockpgg of ithp distriwdonyansrtures rld bydange pattislesh én this
chanber 10, equivalent to the head | oss for the gas

t @rdgenventogas atiyplicailsair,iibitfjéctstl iapetht dloesr hinifdd 9GaE thechamber 10
seen from the figure, as gas enters from above it

f Rn&Hshwike diniuﬁl‘diio%d"'t& L %reﬁtglethﬁl? F]Hép%irqui]rgd gﬁ%ﬁﬂ%@ dStat head, when

until the gas flow ng through stri

. ali.zes.th ressure W t.hi t he _
?ﬁg %eéﬁb?%r&]lé ﬁrgﬂq% sreﬁ,én %llﬂ}l@&?la gg%lé‘tro@écelddngrtgg g]ﬁatmlgeég 0, equivalent
passi ng qutward through the |ower open end 13 of the
ctﬂéﬁ%gffadﬂé?s tay ths 2am oo fyeaid distribaion epertreuld Ascan be seen from
prevent |arge particles within the feed liquid

fthoWignig, angas cateds fibmclbbngit ttreesths ligiddubitidn tepeabdbet 50 downwards
11. These large particles usually remain within the

3 e e TR
s At S k) SR TR i

t hey can be renove

fge ghmlf 10 and forms a liquid seal 18 to prevent gas passing outward through the
lower open end 13 of the chamber 10. Such an arrangement has been found to prevent
large particles within the feed liquid flowing into and blocking the distribution apertures
11. These large particles usually remain within the chamber 10 and settle under gravity
following which they can be removed during the usual drain down of the feed tank.
Figure 6 shows a similar arrangement to Figure 3 but with a single membrane
module 5. Chamber 10 again captures gas or liquid/gas flow from source 12 and
distributes the flow to apertures 11 in pot 7. The flow then passes upwardly between the
membranes 6. In the embodiment shown filtrate is withdrawn from the upper header 19

and a screen 20 is provided between the headers to support the membranes 6.



Figure 6 shows a simlar arrangenment to Figure 3 but
with a single nenbrane nodule 5. Chanber 10 again

W@ apuoses1 gas or |iquid/gas flow from source 1PCEHAU2003/001632
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distributes the flowto apertures 11 in pot 7. The

fl ow then passes upwardly between the nenbranes 6. In

t he enbodi ment shown filtrate 13 withdrawn fromthe
upperFigegdethowy afgrthgrembodiment of e iivgention vi whithigas weBquid/gas
the headers to support the nmenbranes 6. WO 2004/ 050221

RS AJRDEE QTGS Aeflddbedvithiheh#mB BOMBbyembatistdTer deflector 30. The
enbodi nent of the invention in which gas or |iquid/gas

¢ . o .
(ST B8 SGRF Bukd 3 PR EE! SOt 266 $ itecor

i nstance,. a.T-piece 0O re particularly a. baffle. The = .

JFBRG P8t BEen! wh Bow BRESm SPigRerde b fee nisal 8 or iauia
frominterfering with the flow of air or liquid 5 from

sism seureg 14, fn s papigplar embedimsnbehwivime the liwidvAowtihie the chamber

liquid flowinto the chanber from1l4 is via a nozzle

Ifbom THés diafal reeiler] 5i Theldeflectard it shdve attvhe@ ity apdpodifi@tdthdjacent

adj acent to, air source 12, however, it could be

abl AFhRecd @, HBREVROR 'cf;%l@ S Qttgéﬂeg ¢&"hd ﬁ);gSig?%%icﬁié%%{ltom nozzle 15.

Al'ternatively, it cou be not direct

elther.air.or gas squtce t. dj sposed. internediate ..
AR, o Con R B S b $EG B aee5 spep-an digposed
over the usé of a sparger. The nozzle is any device
vitenedjatgdet¥y reduces the cross sectional area of -

the throat through which the gas or |liquid passes.

Nozz|'E® Wsav€a heetle fseneralippiefatddayviey thadisa bf age@gs. The nozzle is
because they can achieve high fluid velocities wth

ra%{y%%bi%@ W}iéhog’i’a@lﬁﬁ&%’ddcgssﬁ %Bosg_@écﬁo.hzﬂ dr&H &F tﬁ? ﬁh‘!)é{‘t%hljoﬂgh which
be orm

€
ter mxing. 15 Figure 8 shows one particul ar

?_ufl% g?(?sfegrgfqtél%@g%Q g\g‘]lzﬁnﬂé h?\ée:bhegprﬁ%g}%clug%?f a:dé{grrl]tégeous because they
invention which is suitable for scrubbing a |inear

&ap aghigye hygly fluidsvelgcitiesuyish relaively lawreagegydesses oRirie &t tin results in
to a mxing chanmber 10 of extended | ength. The gas

rettef mixingl?2 i s di sposed bel ow the m xing chanber, and

the liquid source 14 is disposed bel ow t he gas

mani Tk de SANBRE 6hEparciisr form of deflector according to the present invention.

Figure 9 shows a particular embodiment of the invention which is suitable for
scrubbing a linear array of modules. A plurality of arrays are connected to a mixing
chamber 10 of extended length. The gas manifold 12 is disposed below the mixing
chamber, and the liquid source 14 is disposed below the gas manifold. A nozzle 15 is
preferably used. The liquid and gas are mixed in or below the chamber and exit via
apertures 11, scrubbing fibres 6 as they move upwards.

It will be appreciated that further embodiments and exemplifications of the

invention are possible without departing from the spirit or scope of the invention

described.



20 preferably used. The liquid and gas are mxed in or
bel ow t he chanber and exit via apertures 11,

wa@eodborizeg fibres 6 as they nove upwards. |t wWdT/AD2003/001632
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appreci ated that further enbodi nents and
exenplifications of the invention are possible

W t hout departing fromthe splﬂpt or scope of the

i nvention described. WO 2004/ 050221 PCT/ AU2003/ 001632
16 CLAIMS : 1. A nenbrane nodule including a
usBIISty of porous nenbranes extending in an array
and nounted, at |east at one end, in a header, said

headery E}Qnéa‘nﬂ)ﬁﬂ?qalflgﬁin%% ghﬁ&lgﬂr QH’&H e ang;%]lléﬁgss extending in an

for dlstrl uting a to” sal

surf aC oﬁéﬂ%% fgtcﬁgstg%dos%ngqﬁ ﬁaaqseh ﬁl(ﬁ Ihang)er having a number of

comTunl cation with said distribution apertures for
diistribyting pprytusesi Brfdigiiibuting gaflwid wtossgif buedwe and along a surface or
apertures. 2 A nmenbrane nodul e according to claim1

wheheis noft a6d efvaitigies) 8 chhobgah&vih® ode opef@nBraadeanother end in fluid
nodul e according to clains 1 or claim2 wherein the

c%ﬂﬂﬁlﬂn&ft of 2y %Ban’ﬁ Jiuﬁ V\g %(?etrﬁi' ?Lrnb cﬁﬁﬁf)utfr%q WhidHuid to said

to provide a static rane
sed in [iquid and gas introduced into the

é{lj:"ge jon apg fﬂ“i?ﬁl ent to the head | oss for the gas to
flowto sald di stri bution Pertures . A menbr ane

Rodul &\ meediraiengodude ageprdingtogrlainhb wihersitdie shambeiprglongate
wherein the 15 fluid is gas. 5. A nenbrane nodul e

accor di mgenitraenshodile atordingi toxcldimisol Sr vibias i whdrbi@ the length of said
fluid is a mxture of gas and liquid. 6. A nenbrane

Rb& fén eBF tl?dfn 5@ r&ﬁlﬁ@ oﬁh@'an&aﬂ@ Q64 Whdiethe membrane is

chanber encl osed on al . A m8nbr ane
\)‘nﬁgijeléﬁﬂal{% Cﬁter di gglé(ﬁ gasaﬁroggc%dqgtoptil Qeq, equlvaH!eSnt to the head loss for

the gas to flow to said distribution apertures.

4. A membrane module according to any one of the preceding claims wherein the
fluid is gas.
5. A membrane module according to any one of claims 1 to 3 wherein the fluid is a

mixture of gas and liquid.

6. A membrane module any one of the preceding claims wherein the chamber is
enclosed on all sides.

7. A membrane module according to any one of preceding claims wherein the header
or headers are mounted in a clover shaped manifold.

8. A membrane module according to any one of claims 1 to 6 wherein the header or

headers are mounted in a linear, rectangular, square, or hexagonal manifold.



or headers are nmounted in a clover shaped manifold. 8.
A nmenbrane nodul e according to any one of clains 1 to

w@G200hes2Nn t he header or headers are nount ed PEI/AU2003/001632

10

15

20

25

i near, rectangul ar, square, or hexagonal manifold. WO
2004/ 050221 PCT/ AU2003/ 001632 17 9. A nenbrane nodul e
according to any one of the pré%edi ng clains wherein
vhe charmbrankasodulpiaepaling ip anf ose détheposetingredadms gvherein the
forma skirt directly beneath a header or plurality
Qhali6R9ME 8 pllﬂ&lit[}]/%@ side$ BokittinedRaTRrANeskiR ditbay Rmeahdiegder or
to any one of the preceding clainms when 5 arranged in

tEe f.torortrhofdeasn extended |inear array wherein the

ORI P REEhc) osed 1 ong  sides. 11. An array of

menbr ane nodu] es accordi to claim10 in t formof ..

T8 ox chtnereRy off PRERFI o BT RO 87 Al e pERSSdiDg claims when
unencl osed short sides. 12. An assenbly of menbrane

rorelngeeisini the |foti 06 2n eptended lingar gfrap ovheuein rieerbhambess hag gnclosed long
extending in an array and nounted, at |east at one

&g in a plurality of respective headers, said

headers being configured to provide a nunber of

i,strijution r e ST j
171 Al o S SR e RERREEE Lo LAlm 403 ihTRRRIE an extended
al ong a surface or urﬂaces f sajd nenbranes, a
dmsARETRY ERAT#B thﬁ@ﬂﬁ%éh aSripey aseaﬁb?li’i &%nd in fluid
conmuni cation with said distribution apertures for
di2st r i A tabseqbdpiodl ri¢robrdne maslale ingldigigsa piuselity orf porous membranes
apertures. 13 An assenbly of nenbrane nodul es

L ERAHINE ah Qried dhdmlotinWae sieleast bhencdimiviies plusality of respective headers,
el ongate. 14. An assenbly of nenbrane, inodul es

AGGOL A9 e Ol oG isRituien ab&Rgtdtherebetw
SFREAAAAY s ycl AR GeBial Db LD Sulrhlen spERTLD horcervecn
provi de a static head, when_ the, 20 nenbra s

g isGins PGSR $SGRDYY Af PERIEE THEper ad along a surface or
chanmber, equivalent to the head |oss for the gas to ) )
fduofacdsoofs said nokinslhrndsy i chamdpe having one open end and another end in fluid

communication with said distribution apertures for distributing said fluid to said
distribution apertures.

13 An assembly of membrane modules according to claim 12 wherein the chamber is
elongate.

14.  An assembly of membrane modules according to claim 12 or claim 13 wherein the
length of said chamber is greater than that required to provide a static head, when the
membrane is immersed in a liquid and gas introduced into the chamber, equivalent to the
head loss for the gas to flow to said distribution apertures.

15.  An assembly of membrane modules according to any one of claims 12 to 14
wherein the fluid is gas.

16.  An assembly of membrane modules according to any one of claims 12 to 15

wherein the fluid is a mixture of gas and liquid.



15. An assenbly of nenbrane nodul es according to any
one of clains 12 to 14 wherein the fluid is gas. 16.

wa\eoasseebl y of nenbrane nodul es accordi ng to BCH/ATR®3/001632
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of gas and liquid. WO 2004/050221 PCT/ AU2003/ 001632

18 17. An assenbly of nenbranelhodul es any one of

@7 ai nenl Assembly6 ofheerebmand meodutdsaartyepné of eraiinss 821 tonl6 wherein the
all sides. 18. An assenbly of nenbrane nodul es

RGPS iNhclRe@0Y aARRIOf clains 12 to 17 wherein the
header or headers are nounted in a clover shaped

nifgld., 5 .19. f .
Sor ArrigEa 4y BT AR Bt e ML 5o BRL Etaims 12 10 17
header or headers are nounted.in ? | i near )
mdeream helhaader oy headsrs 257 w@é% aclovigihaped manifeld. A
assenbly of nenbrane nodul es according to any one of
dbai neAnlsérbly 9f memdnraiermodidescivamideng thasy angbfielaimis 12 to 17
of sides positioned to forma skirt directly beneath a
L eherbdRMmeRlerR UeRlchd dte BoulRAAR b Jinddr, rebiangslas Riphate, Al hexagonal
menbr ane nodul es according to any one of clainms 12 to
20 hen arranged in the formof an extended |i near
AR Wherei n the chanber has enclosed | ong si des.
22. An assenply of nmbrane nodul es accordi ng.t,0. an
3Re ofArerarmely S MegTbraNG HOGUIES Acperding gy onnSESpmRIAo 19
l'inear array wherein the chanber has unencl osed short
silobesin tiRhambeehdsacgladlityerfsiden gositiduad) tp fiernna sleirti directly beneath a
froma plurality of porous hollow fiber nenbranes

TRy efpRbditp¥FRAAERY | ongitudinally in an array to
forma nmenbrane nodule, the nethod conprising the

f; i i . '
BAEPS AL BP0 BB B TR AR 12 020 e

arranged in the form of an extended linear array wherein the chamber has enclosed long

sides.

22.  An assembly of membrane modules according to any one of claims 12 to 21 in the
form of an extended linear array wherein the chamber has unenclosed short sides.

23. A method of removing a fouling material from a plurality of porous hollow fiber
membranes mounted and extending longitudinally in an array to form a membrane module,
the method comprising the steps of:

providing a source of gas to a chamber in fluid communication with said membrane
module;

flowing the gas from the chamber into a base of the membrane module to form gas bubbles
therein when said module is immersed in a liquid, whereby an upward flow of the gas
bubbles across surfaces of the hollow fiber membranes is obtained, and whereby fouling

materials are dislodged from the surfaces of the porous hollow fiber membranes.



flowi ng the gas fromthe chanber into a base of the
menbr ane nodul e to form gas bubbles therein when said

worpadhs2es i mersed in a liquid, whereby an upk€r/dutdosmo1632
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of the gas bubbles across surfaces of the holl ow

fi ber menbranes is obtained, and whereby fouling
materials are disl odged froth% surfaces of the

et oUsA hekHodvicEdridarg toeiin 23eshers® R4 @50224 to the chamber is
PCT/ AU2003/ 001632 19 24. A nethod according to claim
3,}0\%&{ iRintihecsiese of gas to the chanber is

rovid wthin the charrber 25. A nmethod according to

%v. d%&“%j CB%rfi P Isfga %gr?@féerrgaghez%“&% ,Tg?%{got%re chsmber is

according to claim 23 wherein said chanber is el ongate
wireideshomrelovo fherehambier he ot her end in fluid

conmuni cation with the nenbrane nodule. 27. A nethod

acor dh ngpthical awkaiding26 cliar2di wharéie sgidshambeariseloggate with one end
through the open end of the chanber. 28. A method of

f \AhéP hedthdhi RIATR BkrdrniHiRMvAHthY hfhibrmn Oho@@e 0Us
I ber 10 menbranes nounted and extending

tﬁgg :‘,Efg 3}? g{ %‘Bﬂﬁg}gﬁg e}rlilgiy%évgl'beg&nﬁle gas %Pfo@%d%ﬁ%{dgﬁ the open end

ggs bubbles and liquid wthin a m xing charrber

|ij aPet-he mixture into a base of the nenbrane

nodul e, whereby an upward flow of the m xture across

S28: f ack snatiiod dfaeinolingw fhilier materibl faore @ plwralbtytodipeeiis hollow fiber
and whereby fouling 15 materials are dislodged from

tA6mBrahtA568nted aﬁ&‘&ct&i&il@glﬁ)ngﬁhdlﬁélﬂﬁ ih R farrdP fPfoRmESmeABrane module,
A met hod according to claim28 wherein the step of

1 Xt ur clu entraining the gas bubbl es
tﬁ e&%dic(? Py %]é%%p%%eA met hod according to claim
29 wherein the gas bubbles_are entrained into_ said
| forming asnpégmobganiubhiesgnd liRuidorgp amixsg BEmber et hod
according to claim?29 wherein the gas bubbles are
einfecangthd mixtirejrte b édse of the membrane module, whereby an upward flow of the

mixture across surfaces of the hollow fiber membranes is obtained, and whereby fouling
materials are dislodged from the surfaces of the porous hollow fiber membranes.

29. A method according to claim 28 wherein the step of forming a mixture includes
entraining the gas bubbles into a liquid stream.

30 A method according to claim 29 wherein the gas bubbles are entrained into said
liquid stream by means of the chamber.

31. A method according to claim 29 wherein the gas bubbles are entrained or injected
into said liquid stream by means of devices which forcibly mix gas into a liquid flow to
produce a mixture of liquid and bubbles.

32. A method according to any one of claims 23 to 31 wherein air entering the mixing
chamber is deflected.

33. A method according to claim 32 wherein air entering the mixing chamber is deflected



into said liquid stream by nmeans of devices which
forcibly mx gas into a liquid flowto produce a

worRoosise2of | iquid and bubbles. 32. A net hod aPCDAURM0§/001632
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to any one of claims 23 to 31 wherein air entering the
m xi ng chanber is deflected. 25 33. A nethod
according to claim32 wherein at% entering the nmixing
chrawheof & T-pedel cedufite. WO 2004/ 050221 PCT/ AU2003/ 001632
20 by way of a T-piece or baffle. 34. A nethod

ag£ or fiREhdPaccbriing @2%c18m BBoviBekRérBindil erﬁéﬁr%f th8 éniking chamber is
m Xi ng charrber is deflected away fromliquid entering

t H%lqme)&la gﬁld%}{ e}qﬁ tl%f mﬂn g}ﬁhﬁ)er @ﬁg g‘oimi %ﬁﬂ@e
e co rising a p ur porous ranes,
sai d nmenbr anes bei n afran ed in close pr X|n1t
ofr2 aﬁd’tl%?ran%n}?ﬁk er?ﬁmg’ﬁ‘é]ﬁﬁ Pl afipgrous %136‘31 membranes

with said nodule for mxing together |iquid and gas
bidibg esariged i closaiproaimity wamicragotite humigingroambanis fud
flowi ng said cleaning m xture along the surface of

S SoHmuARASERAR s4i@ ntldulcPRd@ thitiap ko grehen it @idi sl gas bubbles to provide a
therefrom 36. A nethod of renoving fouling materials

f r]%gﬁlﬁg% n%t?{ J ﬁl‘&em&fns ?orgi l5,51 cfé 1B8 rn?ﬂ&ﬁlre gdgggnal ﬁ‘ﬂ;f/Yace of said

anes noun ongi tu

in an arraytofo rTba dul e, said nenbranes
beeAranes dhdigl ftogl]lhagal tﬁ?ﬁego’fno one another, the

nmet hod conpr|5|ng the steps of formng a m xture of

936 bAbhethed afigniaving fduling miaterials frenk thegurthemtler plurditiof porous
m xture being fornmed by said gas bubbl es being

eRb I ABEL tBmBihet mbisted Bndyxtédang Pegs@liflally igundragsé form a
a source of gas so as to cause said gas to be drawn

%ﬁ%&argegngﬁdg% Qodath @ % ﬂe'u%ﬁdrﬁﬁggd ﬂl‘%l% ;%@i ET @' 8 toHE %nother the

O Sal rane ﬁD e su t sal

subst nt| al | [ form bet ween each

aPieHp Aomane Pt o ermsBrGoT %ﬁ[ﬁ%ﬁgﬁﬁ g ig 11&%1801%“11“1 a
the surface of said nmenbranes and renove accunulated = .
s olikidg chamoberysaihinittitecbeimgnfornaeebyrerdd Bes bubples Reingranggined in said
according to claim36 wherein the nenbranes conprise
PALRDyTIWiAWsaid liquid past a source of gas so as to cause said gas to be drawn and/or

mixed into said liquid, flowing said mixture into said membrane module such that said
bubbles pass substantially uniformly between each membrane in said array to, in
combination with said liquid flow, scour the surface of said membranes and remove
accumulated solids from within the membrane module.

37. A method according to claim 36 wherein the membranes comprise porous hollow
fibres, the fibres being fixed at each end in a header, the lower header having one or more
holes formed therein through which mixture of gas/liquid is introduced from the mixing
chamber.

38. A method according to claim 37 wherein the holes are circular, elliptical or in the
form of a slot.

39. A method according to claim 36 wherein the membranes comprise porous hollow



20 fibres, the fibres being fixed at each end in a
header, the | ower header having one or nore holes

wo oooamesh2eher ei n t hrough which m xture of gas/|PQIAU2G03/001632
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i ntroduced fromthe m xing chanber. 38. A nethod

according to claim 37 wherein the holes are circular,
elliptical or in the formof 2lslot. 25 39. A nethod
afilowes,dhe fbies beingifine@ 8t ealobend in 4 plaratisyrbf baaderscihapewerdicaders being
porous hol | ow WD 2004/ 050221 PCT/ AU2003/ 001632 21

f édntRredith @rdvidd £auliedrd distekdiontape@eds tiftbefivedn through which
plurality of headers, the | ower headers being

C ' oW el Yo} VA ol paut i on

BB Bt Ble il G | 07

gas/liquid is introduced.fromthe m.xi ng chapher. 40. .

S8 ey R TG P g G PSSR HASIaF B Bigtes bidialicy of
including a plurality of 5 porous holl ow menbrane

f piyoeshaiavemgmbepniedibgest axdindalg longidivedly bereensnd meaintad at each end
each end to a respective potting head, said nenbrane

f fold RSpdeal O Fotein g BegE chill Metdts® fiirexbéthg ¥rrired M€ close proximity to one
anot her, said fibres being partitioned into a nunber

Ognok?ﬁ@?dga?éﬁﬁlte? t'b[ﬁggtpﬁ@l{ggﬁéd A Qﬁ%ﬁkeﬂcﬁ” buhﬁ'l%g %teleast at or adjacent to

respectlve po so as t orma sp

t her ebet ween, a n xi,ng chagber conpecied or open tqQ a

et e per ot s 1af a6 o B aopoe g eprerhg T Sheber
having an array 10 of openings forned therein in fluid
commaetcd ar opan teiatshurse iofl gesraddmuid, one pf said Bethigs Gaads having an array
bubbl es within said nodul e such that, in use, said

betbdy e g8 ByrehcdaBdreinlie finit dongasniodtictaith saie ohamle for providing gas
fibres to dislodge fouling materials therefrom 41. An

a5 Winfh .sﬁﬁ@%ﬁ@@s&ﬁ %qt,qﬁ ulfséf lsaidSbblss thdVe ]Et%.‘ce surfaces of said
broreactor including a plurali'ty of porous hollow

menbrane fibres.extending | ongitudinally between and
n’&‘ﬁﬂ]ﬁ)éadle f{l’SeSatP dési%‘{‘gegﬂ%h‘%om%\te%?lﬁ ﬁ%ﬂr‘?ﬁ?‘%}nof respective

potting heads, said nenbrane fibres being arranged in .
ctbseAprsseimiily of mendmeneanodiies for yeg i aftembrang bjogepctor including a
partitioned into a nunber of bundles at |east at or

agliuedtien bf parotidiedltow BepBEink Fidraaixtandihglieng tuglinatly between and mounted
forma space therebetween, a m xing chanber connected

gﬁt eggl? E%CII ﬁ)gaaplﬁﬂl‘ﬁff@f Rfpediive Htng haids GaiSALALRAE HbAG being arranged

ea

in close proximity to one another, said fibres being partitioned into a number of bundles at
least at or adjacent to their respective potting head so as to form a space therebetween, a
mixing chamber connected or open to a source of gas and liquid, said potting heads being
configured to provide a number of distribution apertures therebetween in fluid
communication with said chamber for providing gas bubbles within said assembly of
membrane modules such that, in use, said bubbles move past the surfaces of said
membrane fibres to dislodge fouling materials therefrom.

42. A membrane module or assembly according to claim 40 or claim 41 wherein the
liquid used is feed to the membrane module.

43, A membrane module or assembly according to any one of claims 40 to 42 wherein



configured to provide a nunber of distribution
apertures therebetween in fluid 20 conmuni cation with
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assenbly of nmenbrane nodul es such that, in use, said
bubbl es nove past the surfaces of said nenbrane

fibres to dislodge fouling mateftfals therefrom 42. A
nmeixbfibres withthithe nordubslseahlpycking demdity @f betwekmbbow 6 torbout 70%.
claim4l wherein the liquid used is feed to the

nRPbr 208 ARt Snodde Grdhssdnbl® ﬁ@d&&iﬁg RP g 49 wREHE fHRl packing density

according to any one of clains 40 To 42 wherein WO

2004/ 050221 PCT/ AU2 001632 22 the fib i thi
tﬁ%b?%fgfﬂ% %5\%055%133% e fibres wthin

ng density of between about 5

to about 70% 44 A nenbrane nodule or assenbly . )
ador di mgmbpnemednluer appEnlly ﬁcqqﬁ@nga%kmwedéﬁiqlw 40jtq 44 wherein
bet ween about 8 to about 55% 45. A nmenbrane nodul e or
assidolles hace o dthinmegertio tlenygngmef abbutcl i 4smd0 to 44

wherein 5 said holes have a dianeter in the range of

abgut AlndembfhedddSor AsHREID AEERIRE 48/ E1RiR U5 KEefsiPkald holes have a

according to claimd45 wherein said holes have a

di - h f . b 25 47.
PR PRl SPBRSLLa R 2808 g To any one of

clains 40 to 46 including a deflector wthin said . .
nmiddi ng BISEEIE TResG gl asadmbly ageordiag to gmeons efirlaims 40 ip 46 including a
source of the 10 liquid. 48. A nenbrane nodul e or an
asisfadibywithineatli mixingclampeocmfighred taidefect ghoawgy f@mtthe source of the
22, 35, or 40 to 47 including a nozzle whereby liquid

| Sigupf roduced into the mxing chanber. 49. A nenbrane

bi oreactor including a tank having neans for the

[ d ' f f h ! ' .
5 o Bl SPuSul s GRSy TR il A5 e 0 21022
an 15 assenbly according to _any. one o({MCCI ai

or 1 [ l11to

9,351 0r 4toly inglyding;a negzlegvheschydiguid is il 6hio the fpering chamber.

tank so as to be inmrersed in said sludge and said .

mel9br amembraredigreastodiadudingta tantelaving weansi fohthe antiretyction of feed

filtrate fromat |east one end of said fibre

MBRRERNERans for forming activated sludge within said tank, a membrane module or an
assembly according to any one of claims 1 to 9, 12 to 22, 35, or 40 to 48 positioned within
said tank so as to be immersed in said sludge and said membrane module provided with
means for withdrawing filtrate from at least one end of said fibre membranes.
50. A method of operating a membrane bioreactor of the type according to claim 49,
comprising introducing feed to said tank, applying a vacuum to said fibres to withdraw
filtrate therefrom while periodically or continuously supplying a cleaning mixture of gas
bubbles and liquid formed in a mixing chamber through said openings to within said
module such that, in use, said cleaning mixtures flows along the surface of said membrane
fibres to dislodge fouling materials therefrom.

51. A membrane bioreactor according to claim 49 wherein a further source of aeration

is provided within the tank to assist microorganism activity.



50. A nethod of operating a nmenbrane bioreactor of the
type according to claim49, conprising introducing

wo e@d/os2sai d tank, applying a vacuumto sai d PCTABE008/001632
withdraw 20 filtrate therefromwhile periodically or
conti nuously supplying a cleaning mxture of gas
bubbl es and liquid fornmed in a Xi ng chanber through
satd opelicmgrne bietradiraceerding tenotith &1 sulshein et meinhrane module is
use, said cleaning m xtures flows along the surface of
s angpendsibrestivally fvithiethettankdirgl satiigfartheboun® ofaém@tib@isprovided beneath
therefrom 51. A nenbrane bioreactor according to
chiy g audeloghR. @ further source of aeration 25 is
provided wthin the tank to assi st m croorgani sm

agLivi ty, 2004/ 050221 PCT/ AU2003/.001632 23 52. A
mator oG D88 BIOST AT GBI 1 o8 AP MBI i Ror arce of
menbrane nodule is suspended vertically within the

5 t AFIRUQINEPTBRITSES B gFaRe afdigrraeabls tubes.ati on i s provi ded
beneath the suspended nodul e. 53. A nenbrane
bi oreactor according to claim52 wherein the further

source of 5 aeration conprises a group of air
per neabl e tubes.



