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in association with nmenbrane filtration nodules to
provide inproved fluid distribution 5 and flow into
the associ ated nodul es. BACK ND OF THE | NVENTI ON
The inportance of nenbranes for treatnment of waste

wa EEE] MGG GHAMBERI y. 1t is now wel | known that
menbr ane processes can be used as an effective
tertiary treatnent of sewage and provide quality

e THCHNICATHBWEM2r , t he capital and operating cost can
be 10 prohibitive. Wth the arrival of subnerged
menbrane processes where the nenbrane nodules are

| mrer 986 ptdied ihahnfion k&ges tordppaif antl rélhRl endtods for use of a chamber
coI | ected through suction applied to the filtrate

sQ&aﬁ Hﬁ Ty {oeﬂghﬁgh?ﬂ)g@é& BuRdistribution

fne
b|o ogl ca pnysical “processes 1'n one

propi_se .to pbe nore efficient and econonic.
Da%g]ﬂawtmfé’itﬁee@@a&eﬁwﬁfest he size of menbrane

bi oreactors can range from household (such 15 as

septic tank systens) to the community and | arge-scale

s SALFeCROIEV R T TEEY of a nmenbrane filtration
process |argely depends on enploying an effective and

ef fi ci dhe impodines ef slegdrdneg foreichttent COWaSLS watdisegrowing rapidly. It
physical cleaning methods include backwash

( RAGIPWe GnoRAE: h@& %:sées' chfl Yk ds Bl TR Ve Rrtiary treatment
gas, nenbrane sur ace scru |ng or scouring using a
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Spehéhitive With the arnabofgupareed nesttaans prapessesr Ve the membrane
States Patent No. 5,639,373 to Henshaw et al, United
Statdekes Bat ientieridgl inG, 14338 féfdIatloaddefiitdayis edsll@ted&thﬂ)ughl suction

PCT Application No. W08/ 28066. WO 2004/ 050221

Pgﬁﬁﬁ%@%ﬂ@l@%@’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, thé 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 ef 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. W098/28066.



2 In the exanples referred to above, a gas is
i njected, 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 thg menbrane surface to

renmove the fouling substances formed on the nenbrane

sur f adetheramples seferred weabove rasghg dviiactadgasually by inmsnpef a

the initial gas bubble velocity, bubble size and the

r psaskirizetl bifwerfintcceBqui pydtad wherd Nmehmbink esoduldie stibmested to form
transfer in this approach is limted to the

?Lgﬁ@ﬁ&ﬂb‘l’é%ﬂ?ﬁ§blﬂfbflés% foaRed thEd ek @?%@i S %mﬂ_gr}eﬁg Pfafie surface

1 t
e scrubbing effect, nore gas ha be sup

wever his,.met hod has. several. di sadvant ages: ,.jt
cOhEe thefTURE BIBlmPE o ReRE by BATTERERGRES, The gy foroe
or froth flow reducing effective nmenbrane 10
f Praduged tgrechy whies amthefaijiabeas hubble yelocijy bugblesias-anddhe resultant of
Mor eover, in an environment of high concentration of
s Gdrcebsapplibe tagths bublsies. | The flwid traysfercion this wpproachuillinyited to the
beconme bl ocked by dehydrated solids or sinply be

blefredtREndd3 B tHeh s Ui hOMaRRA], R éiahoe (66 8&8Bbink @ffect, more gas
nost capillary nmenbrane nodul es, the nenbranes are

f j L1yt . ddl e . (| onagd .t udinal, i rection) .of

¢ Nt it e s PR v B, ifopsumes trge
towards to 15 both potted, heads, Wien such nodul es

afEopts of erergy, Persibly dormsTrist e flongredpeng ettective membrane
concentrations of suspended solids, solids are easily

t fidtpadiod avda; midimei be desttuctiveto themickaegs. ddaeover] inyan enviroement of
proximty of two potted heads. The nethods to reduce

t h%h cRfi€entidtion bOglidk, thObsifisttiBtidHistehmb P Bf @Y ARESEcoRE blocked
nmodul e configurations and flow distribution when gas

6 1 355 R BT W 3l e,

descrjbes the use of m xture of gas and liguid to .

ef fec ?V@Pﬁ CéPlﬁa}fY @P@g@l}? P]Q@Bfe6ftg?rﬁ’r%’i’%§ ar &rfgf@lble in the middle
arrangenents and net hods descri bed herein provi ded
aflongimdingi diseationhof e nzphiesbnhignd &f betighterandd essrilexiplofowards to
menbrane surfaces. DI SCLOSURE OF THE | NVENTI ON 25 The

Pheh Patted oS! Miibn sath hedslkes bt ustS it irbBRES, conf@kSe high

to overcone or | east

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 Applicaﬁon 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
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one aspect the present invention provides a nmenbrane
modul e including a plurality of porous menbranes
extending in an arrayand nounte at least at 5 one
enteliprtasdnesefithe disaddntigasiefithy auorn@‘c ar atleastprogide the public with a
di stribution apertures for distributing a fluid into
saiscfuh@eiphativend al ong a surface or surfaces of said
menbranes, a chamber having one open end and anot her
end in j [ t
Sper t U r%égH# gﬂatﬂrel %c’it gtgﬁe ré%n? gtlntg% i)g&a\hgéé b Yembrane module
dIS but i ertures. nan al ernatlve as
RIRE p A S pprG s Rl BRI R BN GRd sttt least a

nndules |nclud|ng a plurality of porous nmenbranes

evbenfidngni & headers rsald Aeelendiavingd 2 mambere g€ tdistribuwtien apertures for
end, in a plurality of respective headers, said

h dii;ﬂélmﬁiﬂg&i g d datofshidunethld end oy S@fire ﬁh@'ﬁcc@ﬁf said membranes, a
di stribution apertures t herebetween for distributing a

f'cHé.IﬁbérnB@vlﬁﬁ'diﬁe ﬁn@fa:#&ﬁ:{ségl i PR %nﬂaﬂgncatlon with said

al ong a surtface or sur aces rrenbranes

G G S SRS g@dsbl?aﬁegﬁr?

dlstrlbutln said fluid to said dlstrlbutlon ‘
aper t ufizgn afigmalive gspeh e prosent invention PEovidesears asgerablyf membrane
be gas, usuaIIy air and in another form of the

i moelnids ancltdieg fal phivelityegf foeows membranes eftegdiag &ndn array and mounted,
l'iquid, usually air and feed liquid. The termliquid

aﬁt 1488kt BRE @h Wal PGty GMespertive ﬁeatd'éi%s 8aid Hehd2Hbiiflg configured to
the art as encorrpaSS| ng the range of “of her naterialg

SR REBLE R 4 b Sr R R g o i o s

I nor gani c natter in |iquids, suspensions of biomass

i Assgabbr of membrangmednles;and,along aavaface er jspteces ¢f said membranes, a
m xtures of these. Preferably, the chanber is

e Cloamgizeir ehaviida tone sopepr exfde aad | appthieh eent eing flnido tomaiumication with said
chanber is greater than that required to provide a

S Htritutibs afernbeRr HREITHRAD 540 SuiPtd ATRIisEulith &hertures.
liquid and gas i ntroduced into the chanmber, equival ent

to theyNsadel 8% tlgeoﬂlv&ﬂﬁ)ngﬁ% fhd Ina?‘ﬁ'e 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



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

Wil e the term m xi ng chanber i4 used, it would al so

bélliges fiopts drame theespplytseutch er manifekdrthraugh ¢l distribatiom apertures rather
m xi ng junction. 5 In some enbodi nents, the chanber is

eticincthe dpanerrl df (5 el@gbetionever, if the chamber is
sufficiently dinensioned, it nay not be necessary for

t he si : : : e only;. ..f .
the menbrknie tEnFREiaE BmbePts WO PRI e 3k Bl deseribe the
form aof a.linear .array, with a plurality of headers,

t RERCHADYRRIOR &S & IIXIngTIRioOfyst for the chamber to be

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

menbr afe seiggAnebadimends,t the chamberr in afclased entadhdidds. However, if the
| i near array wherein the chanber has encl osed | ong

s chtesber ibsifficientty dintdakivned, HEmBPAGY R ecBRREY fBr i sides td1Be enclosed.
formof an extended linear array wherein the chanber

h i . .
AP CHRET ARGl SN (O ERbrg khiCor M KB ofmpdes s n the form
¢ 8P e B BRAT ) € Bl oEhedeTop 6 o b8 BufiEizblnStior the chamber

group of headers. In such a case, the sides of the

cieabp erclaged akeng the tparlangest sidess Prefarahly.cthe mpnebranmnodule is in the
sl ope inwardly towards the header. The chanber can be

oforangf sthaptendesl heei nedy twheedntles chaiber dapfehelosall iodp sides. More
of menbrane nodules. In preferred enbodi nents, the

heRERELIST thD SRGEHEnARBIMB Y Litfhe| DR of Gh %?(E:gd%ﬁﬁﬂ%g array wherein the

mani fold. The clover manifold is so cal ecau

Vi d from boye, the manifold has the shape
%bg%g%{gwep‘élg??dzs%ﬂﬁlsb%ﬁhe i nvention is described
with reference to this one preferred enbodinment, it
wi || bE ek A dwdhes gHemptive, thechambermpyihavgrsidss but no top. Insuch a
configured to have any desired footprint, for exanple,

i ¢asepetie kided offthachanites brenmsitioned tosaubaastiallyefsng ariirt Bil6w 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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M BEORural i ty of porous hollow fiber menbr RCIEAU2003/001632
nmount ed and WO 2004/ 050221 PCT/ AU2003/ 001632 5

extending longitudinally in an array to forma

menbr ane nodul e, the nethod conﬁrising the steps of.
pregtandingdonagitwlinally infn gasy toofoamataembrane mdduld, the method comprising
conmuni cation with said nmenbrane nodule; 5 flow ng

t hiee geoss dft om t he chanber into a base of the nmenbrane

nmodul e to formgas bubbles therein when said nodul e

o . Ligwid, ' _
{ R TERGRE et 7 gado 4 MR BY (08 NEMELRIGHON Pl said membrane
nes i s obtained, and whereby fouling materials

% odged fromthe surfaces of the porous holl ow

fiber nmenbranes. The source of gas can be provided to

t Hlovidng, tise gase fiome thenshaniber dife acg@m:b@’r thiet metinbrane Iodide to form gas
from bel ow the chanber. Preferably, said chanber is

elbobblat eherdih Iwhenesakhghodyleris antheisde in bl RfuidRehdrébyf Adtiphward flow of
conmuni cation with the nmenbrane nodul e. For '

Prgs ga[ged'iﬁaﬁles tRRsY @tﬁfa{cgs Bf ¢ iHdREwt 1?\5(3& Y b itQ ﬁg{éﬁ%ﬁg and whereby

of t chanber. According to another aspect,

present _i.nventio ovides .a nmet hod .of renovi a

P SR HERER Pie PR AT i GO0 i fper Snombranes
fi ber menbranes nounted and_ extendi n% | ongi t udi nal | )1{1 i

in an dhesgurce of saskan bewreridadetotbrichaaiber pisheravithin the chamber itself,
conprising the steps of: formng a m xture of gas
bobhbasbaow thd chainbeni t hi n a m xi ng chanber; injecting

the m xture into a base of the nenbrane nodul e,

wher ebyrdarabRadig chaAMerad eloﬁgﬁ% %thrﬂﬂétéﬁﬁ%p@% tﬁgfé Ehee:doﬂ]er end in fluid

surfaces of the hollow fi ber ranes 1s o

ST AL o PO P 50 e 5 s v

preference, the step of formng a m xture includes
efheropeniend of the chamberubbl es

menb
are®

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;
mjecting 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 injected

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 WO 2004/ 050221 PCT/AU2063/091632 6 produce a
nipEedice agnixturg of Hquid ané bubhles suchudsivicge irchisling ajsit.umizalg, ejector,
a jet, nozzle, ejector, eductor, injector or the

| iddector ligjegfasorthe tikeraYhe gyl use@ nay incladey4e bxy SRS 84¥6us chlorine or
chlorine or ozone. A is the nbpst econoni cal or the
9

r
p es: i )/ i : .
C B i O 3 B bA A scr PR A o aation
enhanci ng.the cl eaning.5 efficiency_.by chemcal . .
QAP RSP A “Cbise ool an Figagig the cleaning
besides the simlar effects nmentioned for gaseous
c iefiéripnsy bychemicabieartinmat themembrane suifeds. dheawe af ezang, besides the
DBP (disinfection by-product) precursors and
c cimribarteiffegts meantibhatifon gactatd ¢hldihd, has {dddiotableanir@R Bich as oxidising
matters) to bi odegradabl e di ssol ved organic carbon. It

| e (lﬁii_ﬁfewoxpﬁﬁgﬁfdh&‘j’ pi‘éccultsiﬁio% a?lhrco %H&-Bﬁﬁe%ﬂg@NOM’s

chanber is defl'ected away romthe Source o

li.guid.which is, eqter.i t B X chanber .

(Bt R el b8 bl e W bR e Fiherer

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

The |i §df 8gsrabdralspd dhe pis cpisengihe miging ehspber isyeflggied away
of a nozzle. According to a further aspect, the

pfimsethe sowee of thedigpidowhidh $s entenngthe neximgdhiveber. Preferably, the air
conprising a plurality of porous nenbranes, said

Neffeting G lﬁ&h@o@fﬂ@pﬁqﬁﬂwe&,lfﬁﬁ@{gﬂ@l@ QX IF% T-sie_eétﬁlﬁr baffle.

another, a m xing chanber in fluid conmuni Cation™w

R S R SR L

flowi ng sajd cleaning m xture along the surface of
said AeABAEES afBrther SERRsh AN BgRanG iveRtigreproxidgs a membrane module

therefrom According to one preferred form the

prempnsing apbmlityof poovs desibaanest datdmedibrap6s bang wirnged in close
fouling materials fromthe surface of a plurality of

PBfoitsith & drnbtter, 8 miBNDERRMer FOMEH esm%gﬁlﬁ@ﬁbﬁ We#hgid module for

longitudinally in an array to forma nmenbrane
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 liguid 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
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within a mxing chanber, said m xture being forned by
sai d gas bubbl es being entrained in said l'iquid by 25
flowing said liquid past a sour ée of gas so as to

c afesaiddiquidy dlowing $red thixtwre intoosaisk menkeste WOARBOLD B2 24id bubbles
PCT/ AU2003/ 001632 7 into said liquid, flow ng said
NMipX§s.BuBsthitiadlySai frEHetviea caEldembsiehn bdlatar8Ptd] in combination
bubbl es pass substantially uniformy between each

%ﬂﬂnﬁ;ﬂd B s Eﬁéz uth ?é & s%f?if’mélﬂ %%Me%vé A fmulated

scbur t ace ranes an
eaccu solids,fromw thin the nenbrane

et:r T8 W é?eé?%rﬁ’&eem fHE menbr anes conpri se

porous hol | ow f| bres, the fibres being fixed at each
end i Honpuséaense, the enthrones chgries poravs hejlovnBbuss, the fibres being
hol es forned therein through which m xture of

g &isedl atsich ehd inl Nhdaden) dedotverivatibichaving dig of hes¥b Bbles Tdited therein
holes can be circular, elliptical or in the formof a

s I 0
f:tlgtraté%lf {Vﬁ{wﬁ @Rhﬁ‘e of %Eﬂi@ﬂﬂsx aEéHTH' 1&1312% ﬁﬁ’{ﬂ %Pﬁﬁi)ér he holes
plur I|t he | o headers being

cB?ﬂ t?}PB&i\i iélth ??Tﬂ"régar l%tf di stribution

apertures therebetween t hrough which m xture of

gas/ | Pepderablysthe mpmigangssqmprisepemss hellawm §biendhe bres being fixed at
fibres are nornmally sealed at the | ower end and open

atadhhemidrin apieralitgod heaicsd, teiowereimadealk beingfcohfigiatdfo provide a
however, in sone arrangenents, the fibres nay be open

ahuﬂ%ﬁbﬁﬁﬂﬁbutﬂo’i Jp@rt&leh rdeRIPA thdhigh WwhidhahB i 9Py AMequid is

or both ends. It will be appreciated that the cleaning

p bed .i s .e IIy applicable to other forns
?R§§§§<§§ sJ?ﬁD?P%fh ﬁlate menbr anes.

Al terpatively, the nenbranes may be flat sheet or

cur t ai he fibres appnaraally pepled at rﬂaﬁﬂ@wv@s endgndppsp at thgirawperend to allow

t he header configured parallel to the flat sheet. 20

| remyeital af filimate) howerter an Raine aerargdoeisytiret fibres phyibabpdnyat 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
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menbranes. In an exanple of this alternative aspect,

t he nmenbrane nodul e i ncludes a Qlurality of porous
menbranes extending in an array”and potted in headers.
sisribrsion apertues thessbaiiasn dor distributing afluidyintorsaid madules and along
headers are configured to provide a nunber of WD

2 6r£4d25 0 241d RERbAIRE OBHANbEBRa v chesdpenleull ad another end in fluid
apertures therebetween for distributing a fluid into

S dbMiniiRalies witidadl RAEbutRH § A % @aHH ﬁﬁg@] 't B
chanber havi ng one openuend pgn gnort(ﬁer ]én |%@?ﬁ@it8|§ald
c Lcation wWwth said distribution apertures for
duﬁgg}?%l& PRGUEEYd fluid to said distribution
apertures. 5 Particularly in the case of flat-sheet

menbr ASUIGFly iy thegrse of; fldk-shent mewmbranss or cvigainliks holipre fiber
there are no apertures are in the | ower header,

apmdules cshare thpassegespéitures fretdn thedodegiden Bidrt@escdhassages for
be formed by nounting nodules in close proxinmty

| 3 B s bEBRle s andRIS G Wﬂﬁﬂ @&ﬂesﬁn'@l&%%@goxjiﬂity leaving a

chanber can encl ose several” nodul €s 1n an arra

Accor di £.0 yet urther aspect, the present
iﬁ%ﬁ’?@@%"%‘?”géﬁl%’ U menbrane nodule for use in a

menbr ane, bi oreactor including a plurality of porous

hol | ofy Mixdbtharber pasy esloss seigml mpdules gn eenrasal | y

bet ween and nounted at each end to a respective

pot t i Agcdrding,to yeti adfurthertuspere, the pressutlirientjomproviiped émbrane
close proximty to one another, said fibres being

Padollifeifored ih Bhtenforidd MBFealbr fi’ﬂéﬂﬂ'ir?gtsai ﬂg&#@gﬁfp&&uﬁoﬂow

adj acent to 15 their respective pot so as to

BB RARs: ARSHERH G 8 S BRRGRAS

potting heads having an arr a% of openings forned

t JEREIRe PRiting bead, 69 braing Bhrenbeing aupegcd i alose progimity to one

provi ding gas bubbles within said nodule such that,

| anotlyse, sagthifibred biibg partitioned intsa namhbersufibiiadles atdéast ai ¢t adjacent to

menbrane fibres to dislodge fouling materials

t ihefr @éspestive 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

WoIi20H4&86220r i ncl uding a plurality of porous holPCwU2003/001632
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menbrane fibres extending |ongitudinally between and
nounted at each end to a plurality of respective

potting heads, said menbrane ffbres being arranged in

c lsesanddiqid, rsridypotingpireedabeing eonfigwedioffirbvids a hamber of distribution
partitioned into a nunber of bundles at |east at or

adpates theRbethebl if S6iER6HnydiREbh wWith ARPChagibes Rrdfoviing gas
forma space therebetween, a m xi ng chanber connécted

0] L0 0 .
P ARl g Slon e e R bl oy st fpo surfaces o said
heads bei conf.i,gured 1.o provide a punber of

o P e toé%égifﬁﬁ’ggfn?#g‘?@ﬁég\ﬂé%ﬁg?lﬁ- f1uid

communi cation with said chanber for providing gas

bubbl &be liieidinsedmiag berfeufeed touthtmehdirane modide, Thafibires and/or fibre
bubbl es nove past the surfaces of said nenbrane

f binidies thay clioss oty oné andtheibetmderthepsitinh Bl rtmmghﬁt i @esirable that
liquid used may be the feed to the nmenbrane nodul e

Thevibhoes and/or fibre bundles may cross over oné
ano?her etween the potting heads though it is

desi rgbl.e t.h hey .do not. Preferably, .the fibre

& i T et b o B raaduig b opat fingdeniibrian defined bove)
above) of between about 5 to about 70% and, nore

pPEhetved aboubd targhont 06 1and smprs rablstabls between @bewrS to about 55%.
preference, said holes have a dianeter in the range of

about Fdr prefesshcesaiitsblesdiage pidehestatih Yhd fangd6f 4bd00E t240 mm and
about 1.5 to about 25 mm In the case of a slot or row

Ofnord ¥bR8ably AWl oPhbcik ‘?Fﬁfstotééﬁgul‘;{?‘g\ﬁl,gﬂ hlg;i’téé;%se of a slot or row of

equi val ent to the dianmeter o

Typical | the .fibre.inner _di aneter s from_gbout

ol e o 9 A igneh fo oo srurafEtioy e Hiameter ot gy holes.
about_0.25 mnto about 2 mnm The fibres wall thickness

i s 15T wegelatsibsninggt dpingles rangesifremabort Ghgth to about 5 mm and is
required versus filtration efficiency. Typically wall

t friefekabdy i the rdvgt wé albvoud 0023 rhim (8 aboMtEnIOTIe fillireeWall thickness is
between 0.1 mmto 1 nm For preference, the nenbrane

V'W%&it 8h nlBSia RS8 Qﬁ%tgérﬁ%g{oﬂﬁgiﬂiét%éﬁggﬁlgg?ﬁ éiﬁﬁitggéy. Typically

ithin said mxing cha nfi ect
%Yﬂﬁél&g%stig Betwteh 6%5% 2tnt111% alnld%%rg 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

WO20040588duced i nto the m xi ng chanber. Accor diPEW/ATw2003/001632
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anot her aspect, the present invention provides a

menbr ane bi oreactor including a tank having nmeans for
the introduction of feed theretl®, means for formng
asdid vibteemlembrage Wi t hin sai d tank, a nmenbrane nodul e
according to other aspects of the present invention

posi t heRdingith Rthind@et adpBBXK e Préent iAvaRion PE¥idsth inbthod of
sai d sl udge "and said 25 menbr ane nodul e provided with

neans,. for_wthdraw n i e . s
PP b n G PPl o s B Rbg! B8 o NSy RR fqmerising
nmenbr.anes.. Accordin yet anot her , the

pPEoEReng fRed e Faid t%ﬂ?‘o ?/I?Idlélgg & VARt S@fdo Ebfﬁé foywithdray filtrate
menbr ane bi oreactor of the type described in the above

atheeaftont while petiodicaliyrur contimiongly Fepplying asisadingamixture of gas bubbles
applying a vacuumto said fibres to withdraw filtrate

Sand B Fsiedhh b eniRBl PEBA! thibu@h s4i8 dbeAlHSH S| Within said module such
suppl ying a cleaning mxture of 'gas bubbles and

o D eﬁ “g e ;{]E %le é%&gﬂ%a?gg%th% gﬁ?ﬁ&%f@%&qﬂ%’mbrane fibres to

saj n| ng m xtures fl ows along the surface of said
rréﬁg’fi “IJJPEF%GI’E%S thgrefoglge foul ing material s

therefrom If required, a further source of aeration _
may b requinedde firthiet saumcet dfsetation may beggowted within the tank to assist
m croorgani smactivity and to reduce anoxi c zone. For

Phfdreseagiem detigityRitdtodsduce ABEHE @onds EodppEaRack, the membrane
vertically within the tank and said further source of

aﬁfgﬁﬁe?@ﬁﬁgg dof veﬁfcgfﬁa g«%ﬁhn?tpﬁ ik inll Eﬁd @gﬁ‘ée of aeration may be

rabl er source aera

BB Gengdt e eyl e ap Gieiapyring gl % r %é%?é’of acration
backwash depend| ng on the flux. A hi m xed |iquor of
18oraprisse ageeiipsd] A ringstiombepods@od: %p prgmbrane medule may be
bi oreact or has been shown to significantly reduce

I §idrated o&thtdr et tbdckivashy @epehdihg oh eherlidt. | Ahightaéxed liquor of

conbi ned use of aeration for
suspended solids (5,000 to 20,000 ppm) in the bioreactor has been shown to significantly
reduce residence time and improve filtrate quality. The combined use of acration for
both degradation of organic substances and membrane cleaning has been shown to enable
constant filtrate flow without significant increases in transmembrane pressure whilé
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:-



bot h degradati on of organic substances and nenbrane
cl eani ng has been shown to enable constant filtrate

WOLRM/OMA2hout significant increases in transneROTaATR003/001632
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pressure while establishing high concentration

of MLSS. The use of partitioned fibre bundl es enabl es

20 hi gher packing densities to He achieved without

si gni fhigaafllshows apiaberia isivlg cldvetigast a cmober agl membess. modules
This provides for higher filtration efficiencies to be

gake@ting 186h EMbBER(Rt GlihOMehtiddjE DRAW NGS Pref er r ed
enbodi nents of the invention will now be descri bed, by

way of exanple only, with reference to the

acco - 1 0

e ACEOEST oeS S il gt lchition @ ZHIRRE e thepbrang modules
el evati on of a cghapber and nbr ane nodul es accordi ng

t FCEH A0S Hﬁeaﬁgﬁﬁﬁﬂﬂﬂ§@§FW6ﬂfmﬁigure 2 shows a
pictorial side elevation of a chanber and nenbrane

nmodul es according to, a second enbodi nent of the

i nvendiige 3 showsapictarial pigaslesatinncais ghambst el mpmbeane sppdules
of a chanber and nmenbrane nodul es according to a

t hceatdimghoditishémbdditnert ofitbemvemion; Fi gure 4 shows a
pictorial side elevation of a chanber and nenbrane

nmodul es according to a fourth enbodi nent of the

| nventrigne 4 Shawd £ pRiciP¥Rle 8leRhidn 1 athamibeearkl B¥AbIaAB modules
of a chanber and mnmenbrane nodules 10 according to a

fi . ' t X i L.on;..and Figure 6 shows
aaé%:(ﬁ%ﬁn‘gte?g&‘& eeng[%oed\l/]g?ﬁlt&?ﬁg%ﬁlggr@ﬁghber and menbr ane
nodul e according to a sixth enbodi nent of the

i nventilon. _Fjgure 7, sh ictorjal side el evajion

of o EléabeshoHEs RiHBRL Hae RstRfasot 2LHOBBPE g Mgmorane modules
anot her enbodi ment of the invention. 15 Figure 8a

s Besesdiag by @ figthregthodimad ofithstineintipheandef | ect or for use

in mxing chanbers of the present invention.

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.

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 embediment of an extended chamber and linear array of

modules




Figure 8b shows a further referred enbodi mrent of the

deflector for use in mxing chanbers of the present
WOREASPBA. Figure 9 shows a preferred enbodi n@GT/AIf2088/001632

ext ended chanber and linear array of 20 nodul es WO

2004/ 050221 PCT/ AU2003/ 001632 12 PREFERRED

EMBODI MENTS OF THE | NVENTI ON Ref%rring to the

drawi ngs, the enbodi nents of the invention will be

described in relation to a nmenbrane nodul e of the

t VARERERRED M BODIMENESOF BHE BOVBNIHION at i on Nos. 5
W98/ 28066 and W00/ 18498 whi ch are incorporated

her ei rkéfé(rri%é ?iﬁ]t rcﬁ%i\?{ng Gfte elﬁg&ﬁl\ﬁ%ﬁts oﬂl}elvﬂl{réntﬁ llbl16 described in

appreC|at nvention I's equally applic

1 FeBHO Tt B spre of the preilﬂ@se@s%shové@lﬂf?’&ﬁiea%ﬁcmﬂ Nos.

tubul ar or flat sheet forn1nenbranes potted into a
5 poVOR8(AFVEH and WK b¥A98dvigh areivecatiperai®d hereen hycross-reference,
menbranes are typically encased in a support structure

( nivevbo Wil Berapplegiatadihat the fitventiditisRquiliyeapbtedies & dther forms of
are coupl ed to a clover type manifold 9 which in turn

gfg,gu ol 0 an open ended el ongate chamber 10
p03|t| one be ow the manifold 9. The menbrane nodul e

bot ” B wﬁﬁuﬁ%ﬁﬁtﬁé%&b&%&%t3@%33}@@&'@?1‘1%9&&6 tobulr or

perneate collection. The bottom of each nenbrane
wdlﬁy skeeb foyasmembimmped potted intorppt 7apkick i woparted by 2 h@ader 8. The

pot 7 to distribute gas or a m xture of gas and
10 | imgthbrahiesede paddally kacazedrbr anppsil sfrades. (06l o). 2Insthe embodiment
an embodi ment where the chanber 10 is used to produce

a shhivilthe 'ﬁgaﬁﬁ:rﬁmlcﬁ 314 Elob t?ﬁé)ﬁﬁhﬂfélﬂ 93y Riel I]ff‘tm? fs connected

gas 12 wthin e cha er 10 and omng feed [1quid

h th rrb th fl
b B 8ot s SRR chsh Msoghich %ﬁ?@@&%mw 2fhe membrane
enbodi nent the gas is fed from above t hrou
c ImeRdatle wﬂmm@lymn%réedﬂn@ trechiapls aed pithen pag ogl?féh ends of the

typi cally suspended vertically in a
membranes may be used for the permeate collection. The bottom of each membrane

15 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

20 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 verticallyin 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

25 12 within the chamber 10. If necessary, a non-return valve (not shown) or the like may



feed tank, however, it will be appreciated that the
gas may be provided to the chanber by any desired

warpegestdént . The chanber 10 is open at its ba®eTAl2andho1632
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liquid is flowed froma pipe 14 upwardly through the

chanber 10 to mix with gas provided froma source 25

12 within the chanber 10. If neE%ssary, a non-return

v d1e\astaghedito Sirogos sowre & éo prickent tleg/ligndi phse/coBRiDg the gas manifold.
PCT/ AU2003/ 001632 13 be attached to the gas source 12

to pr eftenvotfledd dre biidedohabia thd¢iRkbeg 10 befogabein®@ fidf M thniformly
The two fluids are m xed within the chanber 10 before

bei ) . | ctr . t a

e e EgiR etk dhoglel s v Mk Bkl fop ABE RV H1. 0 charmber
chanber 0 may be directly conngcted to a gas source ..
COIRG b irecl bRl s § e s o igit o & gpg and mixing
Referring to Figure 3, the chanber is shown in its
afigviceat i on as a device to capture gas and/or |iquid

flow injected beneath it at its base 13. The fluid

fl ow ®egtreing isFightved, elicottanbenizehbwaties ipplicBBorcipdiddfice to capture
10 before distribution into the nenbrane nodul es 5.

I : _ i e a0a ] _
Nt S R At
bRt arberieted @36 uMuRE1d busort il oBe By fmbrat modules
these fluids for communication to the distrjbution

apert thig arrangemanisihaichaprbe il del pgaim epensensied whits baseilgbuegas or liquid
4. In this enbodinent, a venturi device 15 or the

| liskerovslep diont & sovrck, & thisxasba pipelld, bélowhbe opandidrand @he chamber is
The venturi device 15 15 intakes gas through inlet 16,

g 9 g P oG i

i quid/ mx into the chanber 10. The |I|iquid/gas
maﬁ?llﬂJfr%SggI;sses upwardly fromthe chanber 10 into the
| ower header 8 and -through the distribution apertures

11. Liepimifar evbpdimeny is shominFigwedudn thip embpdiment @ wehturi device

the chanber 10 by liquid/gas flow fromthe venturi

dég ioc thellike i hesitbmtedat thedagas3 bidhb ckanz4 19c Mhie vernbirdeiie 15

surfaces while travelling upwards along wth the

| xfiatted ghd tbudhihIRE16, & es or entrains the gas with liquid flowing 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 continnous 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,

gjector, eductor, injector or the like.

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



liquid feed or the gas can be a continuous or
intermttent injection depending on the system
Woas05ekknt s, Wth a venturi device it is pos®CHIAI20a3/001632
create gas bubbles and aerate the systemw thout a
bl ower. The venturi device 15 CEF be a venturi tube,
je%ﬁpgoz e, ..ejector, eductor, 1njector or the like.
2 SOROPHOH G I SAPPEGIatechibat 9o<f10$ng‘ihm@bemmue usedrwith gas and liquid
shown with an open-ended WO 2004/ 050221
porinadicoty goadsbintathechamber 10, it will be
appreci ated that a closed chanber nay be used with gas

and | i qiiediquitbédigmenlyeséd 4 dnfthRGhedad B1R &Q@w%ﬂ-?@fs‘iewater or
The liquid comonly used to entrain the gas is the

f ) t er ' [guor..to.be .

el By BEFNERE, Bhmbine LY EF o R i Bipeslyhveptoc or the
s venturi or the ?IiEe creates a . vacuumto suck the 7

gasC CHRES Avacyy fp spek dhe gasanfodhe ligudrgeducss therage discharge

pressure when a blower is used. By providing the gas

| Aregsute Sthen & biloveer|is utedd Bytprevidingshe pas intayflowt obihe tgaie the

of the distribution apertures 11 is substantially

r pdssitsitity FbéockngeoRBEERIribYRENApd:firs e, BRROG
Figure 5 also serves to reducepthe Iikgpﬁ%ﬂgﬁﬂgfﬁme‘l'

bl ockags ' bt | f 11.by | arge
particl egﬁér}ér?ﬁlt%ﬁﬁésh%% lgﬁéa%%&n@rﬁ%ﬁ tg%ngglfrgai%s&spvggfc}{educe the
i §1.11R].ect into the claover manifold 9 and the chanber
 BicitoB Bf Bonied. o e b Bhertmnesuiss 1y by doiee pervstest i
required to provide a static head, when the nenbrane

10 arangamFRians; hipigally guiislinientediaty tha tlovetnenifold Oamtihige chamber 10
chanber 10, equivalent to the head |oss for the gas

tis lédgthwisedimasndioned tor bebgteatonthap tat tk@ied b provids 38 head, when
seen from the figure, as gas enters fromabove it

; L ki it Bk d ds 1 .
R, A S DS RS S, et

REh oo Lo Bt £ o P SRRl Eom snestgpsctiors g seen from

gtﬁs i ng outward thro;gh the |ower open end 13 of the

| » 430848 SHteks fEpm abpemiy foresstthe Hguid veithif thervhatnber 10 downwards
prevent large particles within the feed |iquid

15 funghthegas Aowirgitirduigh¢hs dighribligortliyseitdauty| QlalRfes méiﬁr@%ure within
11. These large particles usually remain wthin the

chesth@ibe 90 and! forhis ol IRuHNSAET 18163 LTht 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
20 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

25 and ascreen 20 is provided between the headsrs to support the membranes 6.



20 follow ng which they can be renoved during the
usual drain down of the feed tank. Figure 6 shows a

WOi2A44/0aP224r r angenent to Figure 3 but with a si BGTAU2003/001632
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menbrane nodul e 5. Chanber 10 again captures gas or
l'iquid/gas flow fromsource 12 1gnd di stributes the

flow Lo apertures 11 in pot 7. The flow then passes

upwar 18 HE e fuder erpbasumprtofghe inpentinn oviioch gasrr liquid/gas
shown filtrate is withdrawn fromthe upper header 19
28owrdtbna seuce Ehisakilested withimdnnibet 18BN niches Seaddlcstor 80, The
support the nmenbranes 6. WO 2004/ 050221

PEH o2 F93E of M
UTlcbude A/ U kD Bestank, LT of @%%‘é%%?lﬂ e e Seflector

f ' I d wi fhi h 10 by, -
RERI MR oSS T bl RIBS sy obsir or liguia
I pst ance, 3 léﬁ{sece,or more particularly a baffle. The
dsmetise 14, falhemagioplor rbodionat o sheauid Revtiniswhe ghamber

frominterfering with the flow of air or liquid 5 from
sisomdd is gia a mpzeleel 5p i detlbaior is showin atmdhed band pbéttioned adjacent
liquid flowinto the chanber from 14 is via a nozzle

15, aifl beretefd, eeivever B cohawe aﬁhélﬁ@Q@,%H%siﬁ@ﬂef%ﬁ%&eh%%zzle 15,
t cou e

adjacent to, air source 12, however, i

i i i ; I 15. .
SAHEBAEE, AN PRE G ORP AL bl §r R RS e o

either,air. of gas source, but disposed internediate
tlﬂm%ef]@em use of a nozzle is generally preferreéd

over the use of a sparger. The nozzle is any device

whi chlhgruse 9&p mgzale ihgsoeratipprefervsisovse theiuse af a apagerofThe nozzle is
the throat through which the gas or |iquid passes.

Niny Zkeeise Waih pedallleedideBe Cioss battibialagddr RO BR thrﬁugh which

because they can achieve high fluid velocities wt
el dd FBlatid n , results i
¢ Bl O Ml S o ek B e TR ARG A Bt G Becanse they
of def.l ect.or accordi.ng ta the present invention. i
Er afticw e ﬂgldSV%%ﬁl‘e?%cvm%W?@fg@&Pwrwflquﬁ% This in turn results in
invention which is suitable for scrubbing a |inear
deteymiingrodul es. A plurality of arrays are connected
to a mxing chanmber 10 of extended |ength. The gas
mani fidute 82hows chepatadatfohe of Héfecirgediding 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 liguid 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.
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‘{"é”han'ber, and the li'quid:rsource 14 is disposed bel ow

the gas manifold. A nozzle 15 is 20 preferably PEIUAU2003/001632
The liquid and gas are mi xed in or bel OWtheR@Bﬁ%@t#Februaryzoos
and exit via apertures 11, scrubbing fibres 6 as they

nove upwards. It will be appreasated that further

enbodi nents and exenplificathmpesf the invention are

possi bl e without departing fromthe spirit or scope of

the invention described. PCT/AU2003/001632 Received

Lifemstary 2005 16 AVENDED CLAIMS: 1. A nenbrane
nmodul e including a plurality of porous nenbranes

Xt endy | n_ array.and nounted, at |east at one
Bor " ool R i, o ornpesprnessoxtonding in an
distribution apertures for distributing a fluid into
&4PY %0 JBPw et it dpdsh it pnsuandadie acheadar, fsattebeatler davidg a number of
menbranes, a chanmber having one open end and anot her

distribiution| apiettures dormdistdtitingna utich 181 $idl nfddidd Whd Qbng a surface or
apertures for distributing said fluid to said

ShirSdced I@mshiqrhnaﬁgfaheg,easchaﬁ%b%-;@Gﬁ;@a@kﬁo%%%fd 86 3 Sth8%end in fuid

to claim1 wherein the c

ﬁﬂg : ' of:di.ng.to clains 1 or, claim2 | _ _
er%%ﬁ%g%ﬁo@‘%ﬁ%ﬂ @Hﬁ‘%‘ﬂ@? ’%’% GrERuting ¢ sich fluid to said
éﬂgﬁ{}? ﬁequi red to provide a static head, when the

PURR BRI ersed in a |iquid and gas introduced
into the chanber, equivalent to the head | oss for the

as tH me¢mbyanomedild adécsding beitlainm 1 aRFdib RSchathbeis elongate,
menbr ane nodul e according to any one of the precedi ng

%l ai A mbebrhe niddale ddofdint # disinge ' i
nodul e according to any d%)ﬂr#e of ag%a?%gwﬁﬁpm%g&er}mgm of said
dHaBibE! W Grehfr Fhar sk Wfnirt tgaﬁo% g a Statie %ead, 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.

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 isa

mixture of gas and liquid.

6. [amended] A membrane module according to 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.

Amended Sheet
IPEA/AU



6. [anended] A nmenbrane nodul e according to any one of
the preceding clains wherein the chanber is enclosed

WERIE0RILdes. 20 7. A nenbrane nodul e accor di RGTAG20034001632
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one of preceding clains wherein the header or headers

are nmounted in a clover shaped nifold. 8. A nenbrane
nodul e according to any one oflgFainB 1 to 6 wherein
the hehtmsmbyane heditle aecoxding froamtasg of thepreeading claims wherein the
rectangul ar, square, or hexagonal manifold. Amrended

newber HaBEA ALY HOSORRE t&ETIi RN W01 HBeheath/a feader or
A nmenbrane nodul e according to any one of the

gj;lﬁ%ﬁ@i&@legde@é ms wherein the chanber has a plurality
Sl

es positioned to forma skirt directly beneath a
ader, or lural i,ty of aders...10. An arr of . .
mor ALaTRGRA BEmRng PR SR 408 PRt Rt Parssging glaims when
clainms when 5 arranged in the form of an extended
|araaged y thayfoun &f anextanded hiaps cray sehespia the ehambgihas enclosed long
sides. 11. An array of nmenbrane nodul es according to

Giddsm 10 in the formof an extended |inear array
wherei n the chanber has unencl osed short sides. 12. An

agSenmdy 1Qhy BETREANGnERHILRE ablfdidg it glaﬁnﬁ'OLihghé FfuPdf an extended

porous nenoranes 10 extending in an array an

unt ed t l.east .at ,one end, .in .4 urality of
Tﬂ’?fﬁ%ﬁ@\?@‘%@‘gﬁq %halnbgléﬁ%f %33‘&8?69 Sggl}tﬁlgd%%:‘o nfigured to
provi de a nunber of distribution aperture .
tRer et iewembly of meaerane madwlesdneluding 3 @fla‘a%% of porous membranes
assenbly of nenbrane nodul es and al ong a surface or
sutdndivgsinah asmy dndenduntedest, least ehambend, iraw phigeliy of vspective headers,
end and another end in fluid communication with said

Ayt 1 daBbYs IR Th PRl S0 fpRbvide 8 iuhidef bNdistfbutloh lapértintOtherebetween
said 15 distribution apertures. 13 An assenbly of

ﬁgﬁ%ﬁﬂ% mg) dauhl%scl fite” 8518 'a@s%n{b?y Sk ﬂéﬁb]r%lev‘ﬂl%ﬁﬁfeg ahfl Qlong a surface or
surfaces of said membranes, a chamber 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.
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‘:‘-él orrgate. 14. An assenbby of nenbrane nodul es

according to claim12 or claim13 wherein the bgqRg
of said chanber is greater than that requi reiegavedigggglyoo;ggg
provide a static head, when the 20 nmenbrane is ay

imrersed in a liquid and gas ingroduced into the

chanber, equivalent to the Jmmebeposs for the gas to
fi7olentendedii Ah akisemblyufihanbrafefioties accbRing b ARSHEYEIaims 12 to 16
of menbrane nodul es according to any one of clains 1

tothokdn HNWRILE: 15RReIbldd b JIP@RS. 16. An assenbly of

menbr ane nodul es according to any one of clains 12 to

2 rein the fluidis.a mxture of gas and
Ijllg'qui g‘““%%ﬁ’%é%&?f% 03%%%9@@%0%59%@901@%12 to 17
%&ANEN D .17. [anmended] An assenbly of nenbrane

T thedieads or hepders aapyioynted o a clorenshap@l menifld.
wherei n the chanber is enclosed on all sides. 18. An

a8s eninassmbip o nenbranednbéditesarcaritiztg ahP oREWE ARSsOR to 17
clainse 12 to 17 wherein the header or headers are

Wheriethe hBader 6f Hé’a%érs%?@ﬂl%gmgaﬂi ! fhhy r%ctﬁg%*lﬁg chlffﬁé g?%é/xagonal

of menbrane nodul es according to any one
g Wherein the header or headers are nounted in a
I'near, rectangul ar, square, or hexagonal manifold.
éﬂ. An assenbly_ of menbrane nodul es according to any
e of' TSRy 9bmembrage mgdatasiancarfiog ¢t ambere dfasaims 12 to 19
plurality of sides positioned to forma skirt directly

Waereiit the ghamiger hesalplurality pf sided pdstionbd Remaa sk dird¥ily beneath a
assenbly of nenbrane nodul es according to any one ofy

lodadéray phidali® ofQeften arranged in the formof an

extended |inear array wherein the chanber has encl osed

110N9 A% iags%ﬁlbly of membrane modules according to any one of claims 12 to 20 when
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.

Amended Sheet
IPEA/AU
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one of clains 12 to 21 in the 15 formof an extended
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sides. 23. A nethod of renobving a fouling nmateri al
froma plurality of porous hollow fiber nmenbranes
nmount ed and ext endi ng Iongltudllr?al ly inan array to

f #-m aAresthedarsordiagtocclainy 2whereindhe sonps ¢fgasdo theechamber is

steps of: providing a source of gas to a chanber in

f providled enttlitnihe @hinaberi t h sai d menbrane 20 nodul e;
flowi ng the gas fromthe chanber into a base of the

ra .
TR RISt e BB, A o
eggrﬁ{s}]r eﬁ oss surfaces of the holl ow
I?IBE beiow es S’f ned, and whereby fouling
rraterlals are di sl odged fromthe surfaces of the
ousAmegthedacepisking iveitimadiewherpinsaidedaoberis elangglis/with one end
V\D 2004/ 050221 PCT/ AU2003/ 001632 19 24. A net hod

agperadd tig: dtberaindiin12idl cdaeneiicatiohavigoihe atentiragasotiglel he
chanber is provided within the chanmber. 25. A nethod

apLor di Rgth sy Qc@f@gzl% c‘l‘ﬁ]ﬁf%&@h&r@ﬁﬁﬁ@ giﬁﬁgﬁfw&gﬁ%&gﬁ R& open end

chanber 1s provided from

ording to claim23 wherein said chanber is
STohe e

th one end open and the other end |n fI uid
communi cation with the nenpbrane nodule. 27. A ne

od
&% or it iepthed ofirsmeving afauling maieral fem a.r%urﬁhwfd)@@us hollow fiber
t hrough the open end of the chanber. 28. A nethod of
rmembianes motwtad kmdjexteriding hingfindinally iplanmaty to/forfn gunembeane module,
hol | ow fi ber 10 nenbranes nounted and extendi ng
| 108 aicknidl dRiprikingthéfegd @y to forma nmembrane nodul e,

the met hod conprising 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.
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



formng a mxture of gas bubbles and liquid wthin a
m xi ng chanber; injecting the m xture into a base of
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m xture across surfaces of the hollow fiber nenbranes

i s obtained, and whereby fouli n? 15 materials are

di sl odged fromthe surfaces of e porous hol | ow fi ber
nedraed 8 T-pigee or hklelod according to cl ai m 28 wherein

the step of formng a m xture includes entraining the

g84. bubinkthed iacdondiag o cjwing 32 br 8hmwheiih #Ar amthiagithe mixing chamber is
according to claim?29 wherein the gas bubbles are

e gk @iy 3(?1‘1 %i%"uﬂ enkdriidithe SHFiRE %Qﬂbéﬁﬁ?%ﬁf alrfd8zle,

chanber. 2 met hod "according to claim29 wherein

| gt & e B By Rl Bl SR gpiathRpSfpdia mombranes
gas, into a liquid flowto produce a mxture of_I|iquid
aRemsapBnged in glose proyipiy e eccdptichy g chaghst iy fuid

clainms 23 to 31 wherein air entering the mxing
¢ bambmnicatonwithesitdenod®&03 nixikgregdiiont lguiieand gag btibbles to provide a

claim 32 wherein air entering the m xing chanber is

defeh@iak aflx iR Q046086 ovRag sAWRRARINIGRERe aRBg TRYsiBYe of said

of a T-piece or baffle. 34. A nethod according to

cl ai i L [ t he m xi ng chanber

S hg}é%f%eg(% g%%g%gguﬁﬁgm t‘%‘haz%%éeﬁtag’ri ng the m xing

chanmber by way of a nozzle. 35. A nenbrane nodule

c %g‘pr SSIPF%OQ %ﬁwﬁi& ulng pefesials frmhesyelace %ﬁﬂ plurality of porous
menbranes 5 being arranged in close proximty to one

aholidve fibreampinkiangs whuntvé pnd exténdingllongdndinallyciatancmrapite form a
said nodul e for m xing together |iquid and gas bubbl es

t tepibeatiedfodule, GhidanmbraitsBeit gedBENSsci@bxibdifb dée another, the
said cleaning m xture along the surface of said

TR g S AL S 50 TS
AL R RSN A MR WAL
a{ia]zlai)é bty%ofvs?ilrlén s§d liquid past a source of gas so as fo cause said gas to be drawn and/or
mixed into said liquid, flowing said mixture into said membrane module such that said
bubbies pass substantially uniformly between each membrane in said array to, in
combination with said liquid flow, scour the surface of said membranes and relﬁove
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



menbr ane nodul e, said nmenbranes being arranged in
cl ose proximty to one another, the nethod conprising
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liquid within a mxing chanber, said m xture being

formed by said gas bubbl es bei ng, entrained in said

liguid by flowng. said |liquid past a squrce of gas so .
adibyes, thgiibresbeing Tieed ot gaohendim amlanldty 6f hamlers, thedoway keaders being
said liquid, flowng said mxture into said nmenbrane
mochfigareliohprovide a saintier dfididitimsineapsrtsreb sheachehaddnythrough which

uni formy between each nenbrane in said array to, in

COfpRAdf 28/ ghid s BRtodubd b thd A%ing bk he sur face

of said nmenbranes and renpve accunul ated solids from

o AIhORERIMANR SR 5 2 T Bo I BRI phity of
20 fibyes, the fibres being.,fixed at each end in a
hBrgEs hokqe megihaan %?Xt?@wa@n@wlyrh;mewﬁ@mwd at each end

formed therein through which mxture of gas/liquid is
i Tt 3 wedpstisie polbing hbad, stidinmgmbreheafibres beig arrdngedtih obbse proximity to one
according to claim 37 wherein the holes are circular,

ehhdtidr] €ad fiBfes bbink partitioBEdndd 2 dumbet of bARARS at BadtBi Boshjacent to

according to claim36 wherein the nenbranes conprise

p . / PCI/ :

PR SR Yo HE £ o o L ARG g charaber

pl ural i of headers, the | ower ,k headers  bein )
Ceert Bk (Aovhes of S ASAKUA, o oF 919 6o Hba heads having an array
apertures therebetween t hrough which mxture of

gekonenings donmedithereindo dauil ¢onomumination with spid hbarblesr foriroviding gas

A nmenbrane nodule for use in a nenbrane bi oreactor

| bbb wighia spid widduld sachithdb, ifQke waidiabbRYmREDaaNREe surfaces of said
fibres extending |ongitudinally between and nounted at

chb i :] ~said nenbrane
FRERDRRS £l i ASSASIINE ML T one
H Ry . tia . .
g L ! ia@s%%iﬁy prj'e ggepnbr 5 b%l ng(g,ﬁ?%lghéeolggdm%lﬁéq%pg bllz)lflan;%'?oa' including a
respective potting head so as to forma space
t aradibeelrasnus hollewanegbung fibess extrodingdorgitudinally batwesn and mounted
source of gas and |iquid, one of said potting heads
hat\eactgerahtoar planslity 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 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
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the surfaces of said nenbrane fibres to dislodge

fouling materials therefrom 41. An assenbly of

menbrane nodul es for use in a rane_bi or eact or

i i8¢ Ghrasgvithin gheynedule havsra nasking slepsityl afbetreaanrabpet 5 to about 70%.
fibres extending |ongitudinally between and nounted

1544at A acimbentt hmodule pt assahblyyacedrdingsp et vie vagdréinnige packing density
heads, said nenbrane fibres being arranged in close

Pri@BLtWeky absuit @16 aBARISRES, said fibres being

partitioned into a nunber of bundles at |east at or

adjacept tq their, respectiyv otting head so.as to .
f ofm 4 Sshbsap e phasb Bhvintde ERIMEST i eg4 wheroin
or open to a source of gas and liquid, said potting

hesaithales haye adinmstefindes aEpeibonk] fo Mmmer of

di stribution apertures therebetween in fluid 20

c aiforu . amnibemenrnbdduls ar akserhblylaecorflimg tp claith db vhegeis said holes have a
bubbl es within said assenbly of nenbrane nodul es such

t NBdmetbfiniBSrang@bfatinblsas -pBiesRam the surfaces of
said nenbrane fibres to dislodge fouling materials

therefyom ,42. A mbhr ane dul e.or .assenbl ccordi.ng.. . .

{ O P Ry e b ATOE ARG A Sl S RRF O o BERRIA 096 inctuding a
feed to the nenpprane nodule. 25 43. A nenbrane nodul e

0 ﬁeﬁggm@%%eq%chaaﬂbshw@@% to deHeshgas awavirgm the source of the
wher ei n WO 2004/ 050221 PCT/ AU2003/ 001632 22 the

fillgust wi t hi n t he nodul e have a packing density of

bet ween about 5 to about 70% 44 A nmenbrane nodul e or

asige A sheabeMicdhodhld 6r £l RbdhUlS avbRaRE fo hiForRASHidldifhs 1 t0 9, 12 1o 22,
density is between about 8 to about 55% 45. A

R G T T
0T GRS e b g i S fgationo s

hol es have a dianeter in the range of about 1.5 to
altlagreto2means forformingastivatad sludgeiwitbinmaidateslg mxhgmbrane module or an
according to any one of clainms 40 to 46 including a

assembly according to any one of claims 1 to 9, 12 to 22, 35, or 40 to 48 positioned within

said tank 50 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.

30. A method of operating a membrane bioreactor of the type according to claim 49,
comprising infroducing 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.



defl ector within said m xing chanber configured to

defl ect gas away fromthe source of the 10 |iquid.
WQAg04Q508khr ane nodul e or an assenbly accor di n§CTATRMB/001632

one of clains 1 to 9, 12 to 22, 35, or 40 to 47

i ncluding a nozzle whereby quuig is introduced into

t m A menbrane bi oreactor

i 25?; udi ﬁﬁ%ﬁ%ﬁa’lﬂf&wﬂ@%@ﬂg oglatpy whareigdhe meabrafe module is

feed thereto, neans for fornmng activated sludge
wisbReRdehyartiealykithin fsrtanlaare! saixifiirdensouare dfaemsior iprpvided beneath

according to any one of clains 1 to 9, 12 to 22, 35,

ortheAhispendéd npaglet i oned within said tank so as to be

i mrersed in said sludge and said nenbrane nodul e

prgvi d i ' f
east %ﬂ%“é‘“ﬁ SRS rplpdhiy] qﬁ%ﬂaﬁ?& bR bt o of
0§87€ a nmenbr ane bi or eact f the type according
&t Byises @ GHonD; of A PErREs % Phg feed to said
tank, applying a vacuumto said fibres to withdraw 20
filtrate therefromwhile periodically or continuously
supplying a cleaning m xture of gas bubbles and liquid
formed in a m xing chanber through said openings to
within said nodule such that, in use, said cleaning
m xtures flows along the surface of said nmenbrane
fibres to dislodge fouling materials therefrom 51. A
menbr ane bi oreactor according to claim49 wherein a
further source of aeration 25 is provided within the
tank to assist mcroorganismactivity. W 2004/ 050221
PCT/ AU2003/ 001632 23 52. A nenbrane bioreactor
according to claim51 wherein the nenbrane nodule is
suspended vertically within the tank and said further
source of aeration is provided beneath the suspended
nodul e. 53. A nenbrane bioreactor according to claim
52 wherein the further source of 5 aeration conprises
a group of air perneabl e tubes.




