wfiltrate side of the nenbrane, nenbrane bi oreactors conbi ni

";e3eD FZ6T]nX 1 9 MAR 2003 WD 00/ 18498 PCT/ AU99100817 TI TLE: APPARAT WA RANIDS
METHOD FOR CLEANI NG MEMBRANE FI LTRATI ON MODULES .) TECHNI CAL FIELD 5 The
présent invention relates to an apparatus and the related nethod to
effectively cl ean nenbrane nodul es by neans of a mxture of gas and liquid
formed by WOWeN8498i , jet or the |like. For nmenmbrane nodul es PgTBé”&ﬂHFTed to
an environnent of high concentration of suspended 'solids, for exanple, in
bi oreactors, several inproved nodul e confilgurati ons are described to reduce
solid accunulation within a nodule. 10 BACKGROUND OF THE | NVENTI ON * ~~~, ~~*
The inportance of menbrane for treatnent of waste water is grow ng rapidly.
It is now welTLRNAWP ARETUSBID METHOIR 8ORESL EANING NIV BRANP Fel TRATIOR
tertiary treatnment of sewage and provide quality effluent. However, the
capital and U@Ekng cost can be prohibitive. Wth the arrtval of

subner ged nenbrané processes where the nenbrane 15 nodul es are imiErsed in
a large feed tank and filtrate is collected through suctionQ@mﬁimmﬁ ﬂﬁ Lhe
and physical processes in one stage prom se to be nore conp

and economic. Due 4" to their versatility, the size of nenbrane"tf*8teactors
can range from household (such as septic tank systens) to the community and
| ar ge- scal e sewd§EHNIEMAIWEHLD 20 The success of a menbrane filtration
process |largely depends on enploying an effective and efficient nenbrane

cl eani ng met hod. Commonly used physical cleaning nethods include backwash

(backpul se, bacitht plgnt indveng o rdlatgsiicdarpypamaiscandrthérdgasd metioddo Mifecta@0, WO
00/ 18498 -2 PCT/ AU99/ 00817 nmenbrane surface scrubbing or scouring using a

mechod 15 EETRREETSRI S LS PR EED A BulBRaRE R e e

United States P &P ]S) 248, 4cﬁgieto Cot e lﬁf;ﬂi Uni ted St s Pat ent, No
5,639, 373 t 87 1§ pemprangmeaiesdp he sep ‘Qrﬁ“ %8"%‘“7’8‘30 ?QS‘CFEF?:S}HBW
et al and our PCT Application No. W98/28066. In the exanples referred to
above, a gasf wpcnﬁeé@olw farsyainple, bybinteastorso severgnmpeyed seetiult candigurationn a
liquid system where a nenbrane nodule is subnmerged to form gas bubbles. The
bubbl es so hRrd¥edibel s rddi:ay s3lid geeamdkitibA watinh mdiqldrenbr ane surfacé to

remve the AVAVAT

*1RAVARY

10 BACKGROUND OF THE INVENTION
The importance of membrane for treatment of waste water is gfowing rapidly. Itis

now well known that membrane processes can be used as an effective tertiary treatment of
sewage and provide quality effluent. However, the capital and operating cost can be
prohibitive. With the arrival of submerged membrane processes where the membrane

15 modules are immersed in 2 large feed tank and filtrate is collected through suction applied
to the filtrate side 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 biorgactors can range from household (such as
septic tank systems) to the community and large-scale sewage treatment.

20 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,



‘fouling substances fornmed on the nenbrane surface. The shear forcqégggﬁqﬁ&p
fargely 10 relies on the initial gas bubble velocity, bubble size

resultant of forces applied to the bubbles. The fluid transfer in this
approach is limted to the effectiveness of the gas lifting mechanism To
enhance t heaveoe/idabs ng effect, nore gas has to be supplied. Heo®wEr9/0M8iT S
nmet hod has several disadvantages: it consunes |arge anounts of energy,
possibly fornms mst or froth flow reducingeffective nenbrane filtration
area, and may be 15 destructive to nenbranes. Moreover, in an:environnent

of high concentration of sol.ids, the gas distribution syste radual |y
becoms bl ockBa By SHydeCBirtll peCulilrihdh naiuhS Bl Al e FHRUE oy,
accidental |y ceases. For nost tubul ar nmenbrane nodul es, the _nenbranes are
f1exi bl e i n Examplpaef the secondityrripimapthed isdBustenigd isfUnited Siaigs Patsnbra 5481454 o
be tighter and less flexible towards to 20 both potted heads. \Wen such
nodul es ar e todsidda et #)1URINsd Sratesdatent diot 4,208,494 v Qbtecd AL &iited StnesP fiént No.
suspended solids, solids are easily trapped within the menbrane bundl e,

especial ly iﬁéﬁé}?ﬂflo éﬁh&?éuegfal,ﬁﬁﬁteﬁ%ttét&dpii&ﬁ%. éﬁ%&é}%ﬁ@@fﬁfﬁa‘% LEfUREotne

accumrul ati on of 'so S 1nc e the 1 nprovenent o e configurations and
flow distri L.on en S | is used to clean the nenbranes. ~ ~
M aR z003° %SEJB&F’P ﬁgg’n%gc’P%%%g%l? In the design of a menbrane

nodul e, the packing density of the tubular nenmbranes in a nodule is an

i mportant fact orln tiéexquaplkrs rederieshioiabpverfa gakes mjcoted, neably breseans ofia prashirized
nodul e as used herein is defined as the cross-sectional potted area taken

up by the filbReflembnaiasd sysvintheRya Mbfblfledhoda® se&dbRERRd AN EorhSgRBuBBEL.Y
expressed as a 5 percentage. Fromthe econom cal viewpoint it is desirable

that the paoﬂe%b%gééfsigtsf%( %d %?n .08 u%%vaﬁlf%8 nglg BPmERBUEGS shggcectg%gmﬁ{ées the

maki ng nmenbrane no actice-so ing 1s reduc In

‘densel y packed, . nmemqr ane dul e. wever, if the packing density is too |ow,
the rubbing fgfﬂr*%%:?&)bé@mﬁ%ffﬁﬁ p CRIBEANG SHIfeEs Jaeis %@éﬂ@&?fﬁ’%@&i gy i n
| ess efficient scrubbing/scouring of the nmenbrane surfaces. It is thus

desi r abl @0t aelies qn theiigitiabgasendbblenelantyf behblasizomdihe ctsudisst aftferceeapplial tof
accurul ated solids while nmaxi m sing packing density of the nmenbranes.

Dl SCLOSURE  Gire Hirlfb1ENVERSTHI 6N thdnefeP &8 ippkdi¢B S lifiRed & thle@aBEtivanedstoT the gas
enbodi nents, seeks to overcone or |east aneliorate sone of the

di sadvantag el?ftiﬁ{g \%&ﬁg@%ﬁgféﬁoﬁ%&ﬁ& it sérﬁﬁ‘t?ikg ;gft?ﬁiérqgré eghg B ol Eé’a&! jifga 15

useful alterna 0 one aspec r Imventron 'provides
a nmethod of scrubbing a nmenbrane surface using a liquid nmediumw th gas
bubbl es ent rRPWewFrs thisragthod has $qygrah §isedeniagsesisit §PSUmSs d#78F ATROURES @ §REI8Y
bubbles into said liquid nediumby flow of said |iquid nedium past a source
of sai d gas,passitilyf fooms nstsmifbty e wmebinding etentive ntpmtetane fittation lamagarsiamaly be

15 destructive to membranes. Moreover, in an_‘enviromnerﬁ of high concentration of solids,
the gas distribution system may gradually become blocked by dehydrated solids or simply
be blocked when the gas flow accidentally ceases.

For most tubular membrane modules, the membranes are flexible in the middle
(longitudinal direction) of the modules but tend to be tighter and less flexible towards to

20 both potted heads. When such modules are used in an environment containing high
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.
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20 nenbrane surface to dislodge fouling materials therefrom Pref Q"SEWAR”ZUDB
the gas bubbles are entrained into said Iiquid stream by neans of a venturi
device. For further preference, the gas bubbles are entrained or injected
into said liquid stream by neans of devices which forcibly mx into a
liquid fl oWQ¥18#%duce a nixture of liquid and bubbl es, sucﬁcae«%@w”
including a jet, nozzle, ejector, eductor, ~~ 9 MAR '?.003 WO 00l 18498
-4 PCT/ AUQ9/ 00817 injector or the |ike. Opff'ronally, an additional source of
bubbl es may be provided in said liquid nedium by neans of a blower or Ilike
devi ce. The gasInugredesiy dfnchemieraas modobeythe pacidas densstydfitios fubelapmembeames
Air is the nost econom cal for the purposes of scrubbing and/or aeration.

Ga hl ar i : i LS R f i [ 5
seous c gﬁ%PﬁdWs bg 1%\3&4%&?50@1?r%?a@lﬁnﬁﬁ%x?éﬁ?@%é R GARANR1NY

the cleanin cl ency chem ca ctio menbrane surtace. The

use of ozone, hesides.,the sim/|ar. ef t ntioned for gaseous chloripe,
b addi 1 o mpaue G S netings Irited o° Barsroraeat St BoleiATe e Y

* non- bi odegradabl e NOM s to bi odegradabl e di ssol ved organi ¢ carbon.

Accor di ng t ¢heafibre cupmabrasgsedivided hp thsrtotad pottddraremandon nprosiiyexpresserbasy ane
nodul e to conprising a plurality of porous nmenbranes, said nenbranes being

arranged si Npelcos@gd! Prohiite)echomiagl \Aa0pdIaY it RNdbsivmIoted tHedkiny AehsiEXeassi ve
novenent therebetween, and nmeans for providing, fromwthin the nodul e, by

means ot her i r r ! [ a0 S

DooD! eo not bightl R8RS ?%d}ug%% %%Sgu%ﬂ\q?gg}eﬁq%{%{eu@@ﬂgai %‘%‘3? PR

bubbl es entrained therein npve past the surfaces of said nenbranes to

di sl odge 15PRcking isgeduscdin atess dppsestpasksd wamarapsdnedwss| BeWBKsTni tisftackinged
insaidliquid by flowng said i liquid past a source of gas to draw the
gas into saidendifyqsic Ibivpthe ibieihg effbttybetvgeandndrbranes conitl dedbé ksseaed redukting
and then fl owed past nenbranes to dislodge the fouling materials. According

" to one pref ¢ [8fleffiefat sdrit6biRE/BSRIing 0T RtheRPraRE QWRARS. B ifBlubaekiRble48

renoving fouling materials fromthe surface of a plurality of porous holl ow
fibre mepbranes,mount ed an X 1 ng. | ongi ppally in an arr forma
renbr anel o BUAce SR aRELeieh Wi e bt of sl iy M one
anot her and nounted to prevent excessive novenent therebetween, the nethod
conpri si ng PHEIBISEEPaskingdsosity fghe meBraetni n said array, by means ot her
t han gas passing through the pores of said nenbranes, 1 9 MAFt 2009 WO
001 18498 PCDISCROSORE-OF BHEANVENTIONII st ri but ed gas bubbl es entrained in a
liquid flow, said gas bubbles being entrained in said liquid flow by
flowi ng said |i qyk @rd3astinRertiOH! A9eRf indBSerMddABedtS, seBkESS o9¥BicEme or least
ameliorate some of the disadvantages of the prior art or at least provide the public with a

15 useful alternative.

According to one aspect, the present invention provides a method of scrubbing a
membrane surface using a liquid medium with gas l_aubbles entrained therein, including the
steps of entraining said gas bubbles into said liquid medium by flow of said liquid medium
past a source of said gas, and flowing said gas bubbles and liquid medium along said

20 membrane surface to dislodge fouling materials therefrom.

Preferably, the gas bubbles are entrained into said liquid stream by means of a

venturi device. 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 produce a

mixture of liquid and bubbles, such devices including a jet, nozzle, ejector, eductor,



"gas to be drawn and/or mxed into said liquid, said distributi onﬁlgehg,g .7§djch
that ' sai d bubbl es pass substantially uniformy between each nenbrane 1 n
said array to, in conbination with 5 said liquid flow, scour the surface of
sai d nmenbranes and renove accunul ated solids fromw thin the nenbrane

modul e. Prefgh@ipdags sai d bubbles are injected and m xed i nt opsBHAUGY/OBUT d

fl ow. For preference, the nenbranes conprise porous hollow fibres, the
fibres being fixed at each end in a headerg4.the | ower header having one or
nore holes fornmed therein through 10 which gas/liquid flowis introduced.
The hol es can. be circylar, . elliptical .or in the formof a slot. .The. fibres
are nor mai | yiHisgr 86 et Otinely.afdaRnaibeirez et PHEVIES minde Butidedingarbu
removal of filtrate, however, in sonme arrangenents, the fibres nmay be open
at bot h endsliquid sdeimm bymeend ofaf bipiver emlike devinn dibe 2es usrst hay indude i oky ganes
are preferably arranged in cylindrical arrays or bundles. It will be

appreci at ed gaiedustchPrigk @2bEdtE. PXiPeLHS niiRBEonbRttal forkhe parpakdsyorapbbimgbl e to
ot her fornms of nmenbrane such flat or plate nenbranes. According to a

further aspe [es [ | nLQvJ Dr ape. I 8 Nng
2 bl ur a1y S A Etest KR Rl s Ror SoTRETRE G S SRR
arranged in close proximty to_one another and nounted to prevent excessive
nmovenent § hdheplstpias siiicignsy biyishemipahirashirrsaties membranssutface athe wssptiogone,
header, one header having 20 one or nore of holes fornmed therein through
whi ch gas/ | itgsidds fHemimilar dffecrsonlergimded forggapmus chlodne, imandditonaelndamegsatuchaast
part way between said headers to partition said _, nenbrane fibres into
groups. Prefgs@abhyg DEPSreRaisbistan@RoRRaASg AGRbI0aESTREHNY NONPAG! Hisdd3eid4BRN
respective fibre groups. The partitions nay be parallel to each other or,
in the case lindrical,arrays of fibre nenbranes, the partitions may
ext end radi a‘%ﬂ?%é’&ﬁa{‘h"e&rb‘%’g MAR 2003 WD 00/ 18498 PCTI AU99/ 008~7 -6
centre of the array or be positioned concentrically within the cylindrical
array. In an al tA9QEing o 4 sicapd aspsct therraessghimventianpakidss awicaekragg medyle
central |ongitudinal passage extending the |ength of the bundl e between the
header s. 16\c monghrisghgt oplyedityaof porbicmembanes, saikl eepresestieing eemigedrin plosyi des
a nmenbrane nodule 5 for use in a nmenbrane bioreactor including a plurality

of porous hglrhewiARERhE AR the RS ENHEN S fH8vdnP Bkttt RRNVEM REIMYREEWRRH and
nounted at each end to a respective potting head, said nenbrane fibres

xcoss: ve maveRse TRER e Fobi e RS BB B R Bt SR ORE e

nunber of bundles at |east at or adjacent to_their respective potting_ head
so as to forRfres afsaidanarobranes, epebyides engamed in a Hawddiawy puh thabgsus$asditg an
array of aeration openings fornmed therein for providing gas bubbles within
sai d nodul e lgmidhandiaibblesentraed Serein mdvielpast thowefgeasof sdide nembracsso dislaige d
menbrane fibres to dislodge fouling materials therefrom The fibre bundle

i s protegtedyan ﬁlmﬁ@ﬁwsmy sdig FL& BUbbRE HRMhg@niRGidl ¢n SHRRRLI HFNSRhgMRich

has both vertical and horizontal enments appropriately spaced to provide f

15 tricted fluid and fl h the fib dt trict th
ampl 1 ude. ot Ribpee hoethor Eaieiory R eonE s iRen ot the pottea ends

of the fibres.

Preferably, said liquid and bubbles are mixed and then flowed past membranes to
dislodge the fouling materials.

According to one preferred form, the present invention provides a method of

20 removing fouling materials from the surface of a plurality of porous hollow fibre

membranes ;pounted and extending longitudinally in an array to form a membrane module,
said membranes being arranged in close proximity to one another and mounted to prevent
excessive movement therebetween, the method comprising the steps of providing, from

within said array, by means other than gas passing through the pores of said membranes,



<

"Preferably, said aeration openings are positioned to coincide w thgtM%R 2003

spaces fornmed between said partitioned bundles. For preference, said

openi ngs conprise a slot, slots or a row of holes. Preferably, the fibre
bundl es are located in the potting head between the slots 2Q or rﬁé)ws pf

hol es. ForWP@PH#8% preference, the gas bubbles are entrai nedCEAURRBY wi t h
a liquid flow before being fed through said holes or slots, though it wll
be appreciated that gas only nay be used-Pn sone configurations. The liquid
used may be the feed to the nenbrane nodule. The fibres and/or fibre

bundl es nmayurtfoaas divigibutzdeagboblley ehringddn atligaidoéw ) sagd BesblsbblesbefhigVAR 2009
WO 00/18498 7 though it is desi rable that they do not. PCT/ AU99/ 00817
Preferably,, ned
hove) ot ' abilBeA HEEES WM b QoA 1 clsARK A S b O&%Eﬁé’&%out

8 to about 55% For preference sald hol es h dj a ter i the ran
about 1 to 280 8 §mp rEmgEdinte sHA gy, tart gﬁa’éw&f eéftﬁ)ﬂtChih%St-l %

25 mm In the case of a slot or row of holes, the open area is chosen to be
equi val ent pass subatanpélly tnefca-bﬂybeﬂmleesach'ﬁyghbmhém sditherrhy by, én combinatorawih er
ranges fromabout 0.1 mmto about 5 mmand is preferably in the range of

about 0. 25 f19 fqhi@BewW! schufffe slifRcd bPJaRSméRblankf hkR@ssvel st cHBRRAAARTdPRom
materials used and strength required versus filtration efficiency.

Typically 10 @’n"ﬁlﬂ'&c&] tkarh% odufe. bflleﬂ?:?oq sat(gl?outb%he% zé}:g?c{r?r{demgieh?ﬂog ghveen

0.1 mMmmto 1 |ng Thafiot et - a nventron. provides
a nmenbrane biogreactor including a tank haV| ng means for the introduction of
feed ther etlifuidlaws for forni ng activated sludge within said tank, a

menbr ane nodul e according to the first aspect positioned within said tank
so as to be i mirpesfeiencs thdmsmbeiges eoriprisei provariollanefibred the fibfespeimgifiked
with nmeans for withdrawing filtrate fromat | east one end of said fibre

rembr anes. ACER and atRadd! 1210k AHcaB MG By RS RBles KR HORNRRKEACS

a method of operating a ne ane bi oreacto of the type escrlbed int

o said D! regh °€% AP R R O STed ol i B PR P BB o r

cont i nuousl y su i ng gas bubbl es through sai d aeration openings to within
sai d nodul eSlefu et ¢s arg poaly sealed abissdower anghaad pase at eirgpperddo alowaj d
menbrane fibres to dislodge fouling materials therefrom Preferably, the
gas bubbl esrempealestifil@atedtbwevetliix esmevatrimgementyyihg filrestmah &e oberlat Yutloergls tsai d
hol es or slots. If required, a further source of aeration may be provided

wi thin the hagkehRvassy firate flom $ne oFbAR EndiO B A9 8 o pirdfeidRP AR in 9_

cylindrical arrays or bundles. It will be appreciated that the cleaning process described is
15 equally applicable to other forms of membrahe such flat or plate membranes.

According to a further aspect the present invention provides a membrane moduile
comprising a plurality of porous hollow fibre membranes, said fibre membranes being
arranged in close proximity to one another and mounted to prevent excessive movement
therebetween, the fibre membranes being fixed at each end in a header, one header having

20 one or more of holes formed therein through which gas/liquid flow is introduced, and
partition means extending at least part way between said headers to partition said
membrane fibres into groups. Preferably, the partition means are formed by a spacing
between respective fibre grotlps. The partitions may be parallel to each other or, in the

case of cylindrical arrays of fibre membranes, the partitions may extend radially from the



"ni croor ganism activity. For preference, the nenbrane nodule is sugpgeMéBdma

vertically within the tank and said further source of aeration nmay be

provi ded beneath the suspended nodul e. Preferably, the further source of
aeration conprises a group of air perneable tubes. The nenbrane nodul e may
be oper at edyavpd/is4oy Wi t hout backwash depending on 5 the fl uxpcBabbgdosm xed
| i qguor of suspended solids (S,000 to 20,000 ppm in the bioreactor has been
shown to significantly reduce residence tige and inprove filtrate quality.
The conbi ned use of aeration for both degradation of organic substances and

menbr ane cl eanin as_been. shown to enabl e nstant, filtrate fl ow w thout
significant C?’ﬁﬁer atgggrr?)ﬁof P%Rg%%ﬁ%aﬁ?gc%}t%%ag r lttmﬂiﬂlleecyé’é’tdgﬁ?eli ?hbﬂ #t gh
concentration of M.SS. The_use of to partitioned fibre bundles enables

hi gher packiatgmayssformethet fibrp dundlaineayce mpYidedivithi aentraklongityding) ppssess si ng
t he gas scouring process. This provides for higher filtration efficiencies

to be gai ne@xteBRhEthd iR dTthébukdle belw bR/ NaEerbr ef erred embodi ments of
the invention will now be described, by way of exanple 15 only, with

reference to th m@ j ] i ich:  Ei OWSm iC
side el evation %fcagne %éé?%ﬁﬁé\%ag%’%ﬁggg%@%% Eﬁgﬁgon df%lhﬁ ust?r:?i‘{Qi %gl%tqﬁfg
nmet hod of_ cl_eanin acg&r{di ng, to the i@/_enti ?n; JFiqure 2 snows anbenl rged
schemat i ¢ siffe*SE Mg ATRHART BioRactos iRAINng AL L}r@ewt@a@r%ﬁba Q¥ RTRbARG O
formentrai ned gas bubbl es; 20 Figure 3a shows a schematic side el evation
of a parti t iesteadingdongimdnabiyheheceacnd midunted a5 cactecrahoadiespactivopotting headesent
i nvention; Figure 3b shows a section through the nenbrane bundl e of Figure

3a; Figure 4adshaMbrafe SR8 MR arfingded Bl cﬂ&!s%gj eXinty 8 dsahbihkPRRIIMBRITET /e
nodul e 19 '~~~ Z003 WO 00l 18498 -9 accor ing to a further enbodi nent of

the present | i.on;..P e i . : i t he
menbr ane buﬁ%ﬁql éwc%}&f rtgggég%@xﬁiﬂé%%%ggérg H{gasﬂgesﬁﬁgﬁlggﬁdd‘g{&e% Q{/rg%?% rt; of
a partiti ongd qﬂEnbrane noduj.e accordi ng to, anot her, enbodi ment of the
present i nveRRYlEhat Ipashal Qr ashaceRiRGnET S5SRESHYR PRHINGFRI SRS HelBPdrieEundl o of
Figure 5a; Figure 6a shows a schematic side elevation of a partitioned
menbr anelarodhdrebetgesm; dnagf sad aoting deadsydignendrayfoftakmtipn @pemings foweed | on;
Figure 6b shows a section through the nmenbrane bundl e of Figure 6a; Figure

7 shows a sitErdiafoVpreWdirl Fasiiib8led vathiR sdid niduale £ivh ot BRkse, Qhiddi®bles move
invention; 1o Figure 8 shows a simlar viewto Figure 2 of yet a further

oi ctort al v PER P REET oL B e B S BB AL BRI BRE RS e

menbrane nodul e_according to the inventjon; and . . .
The fibre bundle 1s protected and fibre movement is limited by a module support

screen which has both vertical and horizontal elements appropriately spaced to provide
15 unr.estn'cted fluid and gas flow through the fibres and to restrict the amplitude of fibre
motion reducing energy concentration at the potted ends of the fibres.
Preferably, said aeration openings are positioned to coincide with the spaces formed
between said partitioned bundles. For preference, said openings comprise a slot, slots or a
row of holes. Preferably, the fibre bundles are located in the potting head between the slots
20 orrows of holes.
For further preference, the gas bubbles are entrained or mixed with a liquid flow
before beipg fed through said holes or slots, though it }vill be appreciated that gas only may
be used in some configurations. The liquid used may be the feed to the membrane module.

The fibres and/or fibre bundles may cross over one another between the potting heads



"Figure 10 shows a sectioned perspective pictorial view of the upp1e$ MARG208%
the 15 nmenbrane nodul e of Figure 9. PREFERRED EVMBCDI MENTS OF THE | NVENTI ON
Referring to the drawi ngs, the enbodi nents of the invention will be
described in relation to a nenbrane nodul e of the type disclagsed in

earlier POYORPPS4%8ati on No. W98/ 28066 which is incor porat eﬁCWérch?/?Psb'ﬂl
cross-reference, however, it will be 20 appreciated that the invention is
equal |y applicable to ot her forms of nmembr/ane modul e. The menbrane nodul e 5
typically conprises fibre, tubular or flat sheet form nenbranes 6 potted at
two ends 7 @mbdgiBitadesaablesedt they do Astpport structure, in this case a screen
9. Either one or both ends of the nenbranes may be used for the perneate

col I ecti on. -

t he menbr ane me)P Sfegalh\é thgﬁﬁﬁegrrbqért oft&qﬁ%ﬁgﬁa\gpeé %@e%gﬁfﬁas 39%‘%%1’%%9{)%
distribute a m xtyre iquid fe t the ane surfaces
Referring t¥WAD éh’b‘&git ?ﬁ% d mogs Eﬁ?ﬁ’éa }”SboFtW%"rﬂ% 18, pRaut ié %r the

~|like is connected to the base of the nodule. The venturi deV|ce 12 int akes

gas t hrough i nlkEdr préference,5aid hades lmave erdiamétesinttheragge ofiehdut [l itgud durh landvimoge

through feed inlet 14, forms gas bubbles and diffuses the I|iquid/gas m x

i nto thesnDgtdfeBapP&{ ﬂlerrﬁﬁgem abbhil B5 tdPasvst DY il BUGE ch&eo i 3t drei 0@ 'ﬂoles

apertures 10, the entrained gas bubbl es scrub nenbrane surfaces while

travelllng wards alo o) r.the liquid feed or

t he gas canﬂggp%{' %%hﬁ%&f%t ee%fvealrl %‘H %lﬁJt f:IYItllf(%C(EI glr?l%fependl ng on the

systemrequirenents. Wth_a venturi 10 device it is p055| ble to create gas

bubbl es and aer hYRicallye theyfilire imngr Ciagater sanges fom abayé OVlemm fiojabgesd i@ am igan

be a venturi tube, j et, nozzle, ejector, eductor, injector or the liKke.
Ref erring tmreferahly e the rmge&:ﬂahogddzilirmwocﬁbojlet non. Moz fibeestwylethibbuesses 15 1 s

shown. In this enbodinment, liquid is forced through a jet 16 having a
surroundin o BradRse8 DLk &bk @ 0 uch
a device a?cli%%détﬁﬁgﬁ?%g%%agsn%%ﬁt hggh}t&?% ! %5 gggé gndtlbl qﬁ?‘%ﬁﬁﬁgd:’ygﬁ?auﬁ

adj ustin ctiv The sed,. to entrain the
gas is tﬁe Eﬁ‘ ésrlslﬂ\ﬁg’%%éé‘\@ 760%8%%66& ?PF‘E&‘% P™-punpi ng
such an operating liquid through a venturl or the like creates a vacuumto
suck the gas i nberorfiasto geather aspeat it BEeSeRt ARV LN Araidrarageepbeas bicseagiten a
bl ower is used. By providing the gas in a flow of the liquid, the

possi bi | i t yinoludingactalgkavifig Awatd for diesintrothadtion o f dgedrthenees nikand ®r forming
substantially reduced. The present invention at least in its preferred

enbodi ment Sacf el ﬁ\dg@'@n@umw@@%koé nﬁﬁl\b@maﬁ@&lmc%mlﬁgyo {he mtraaperct sed as

follows: 1. By using a venturi device or the |ke |t I'S possible to

penecc ocs, IuRDLSE e AELAR ISl UL BoEB LI A QORI

P?TI AU9915100p8r|03id:3c% \lavith means for withdrawing filtraté from at least one end of said fibre
membranes.

According to yet another aspect, the present invention provides a method of
operating a membrane bioreactor of the type described in the second aspect comprising
introducing feed to said tank, applying a vacuum to said fibres to withdraw filtrate

20 therefrom while periodically or continuously supplying gas bubbles through said aeration
openings to within said module such that, in use, said bubbles move past the surfaces of
said membrane fibres to dislodge fouling materials therefrom. Preferably, the gas bubbles

are entrained or mixed with a liquid flow when fed through said holes or slots.

If required, a further source of aeration may be provided within the tank to assist



‘a notive fluid passes through a venturi it generates a vacuumto dr 48 MR 2003
‘gas into the liquid flow and generate gas bubbles therein. Even if a bl ower
is still required, the use of the above process reduces the discharge
pressure of the blower and therefore |owers the cost of operation. 5 2. The
| i qui d and ygagopdaeses are well mxed in the venturi and therpchi/Ategs@sint o

t he menbrane nodule to scrub the nenbranes. Wiere a j et type device is
used to forcibly mx the gas into the liqugd medium an additional
advantage is provided in that a higher velocity of bubble streamis
produced. In_ treatnent qf .wastewater, such thorough .m xin rovj de

el | eni oXGERTEIaT Patvitidipr Prdcrgies. Hednemaraas mhoghles SerRndid "ficalyng | o
directly 10 injected into a pipe filled with a liquid, it is possible that
the gas wi| [Wilip thestark anthead fugther Faipes ofmerativa maypes pravided hanedte thefsusrengad
and liquid will bypass into different parts of a nodule, resulting in poor
cl eani ng ef foh@dude) CBrefedably e filrthar edurgast funirtnednipsisend grupdriai gehaedblgui d
fl ow al ong the nenbrane resulting in a | arge scrubbi ng shear force being

Prura t anstarsande saputeat SRR wlaydle GRM & W BUMRFRIPURRIPER,,

rates of gas, apd liquid. 4. The inpjection of a mxture of two-phase,fluid
(gas/| i quﬁg dyhs A Aruethmine ligor pesuspendsr selidns0od o AP0 ePERAD the tipreaster
the formati on of dehydrated solids arid therefore prevent the gradual

bl ockage of hahbednothewnly signiffranéy yadiuat sdidsotd trme and ROprove Titteate qpadoyi dhe
arrangenent further provides an efficient cleaning nmechanismfor

i ntroduci ng celndateidn@e 6NRdFhiEc for 8bfhadeotadetion bNé@anib Suiskedsticbs af meh®ranedul e
whi | e providing scouring energy to enhance chem cal cleaning. This (

arrangenent, ;i.0: knat i it I i j | I i.th
fhe modu e SKarBIRRE o sale Sal e SRPEE BT, SRR Kol BERafesth,
cleaned with a m njmal anmount of chemn cals. 1 9 MAR 2003 WO 00/ 18498

PCT/ AU99/ 0odrepsmembrage pregglraydile establishing high icapccalaion oIS s useRf gher
fibre packing density in a nodule wthout significantly increasing solid
packi ng. 10Thipartauasd &hreasiohdids@nables higherpacking dehstiest thédermehiovathwithmgul es can
be either.integrated into the aerobic basin or arranged in a separate tank.
In the | att @{gnifidaaflgIMPFomiking tREIYANCEUehd Srodess! TRisidr6@Aats £A%ighdr ARration
chem cal S usage due to the small "chem cal holding i'n the tank and in | abor
costs becau .he.c iLcal ¢l eaning process can be automated. The reduction
in chem cal Ze?%ésl%“ 16828?F§8mie§mortant because the chem cals, which nay be fed
back to the bio process, are still aggressive oxidisers and therefore can
have a del eterious fec n_bi rocess.. Accordingly, any reduction in the
chem cal | o%ﬁ%&%ﬁéﬁ#lmogiﬁi%@%%ﬁvi des significant advantages.

7. The positive injection of a mxture of gas and liquid feed to each
menbrane nodul e provides a uniformdistribution of process fluid around
menbr anes and t Reefefred embodimentsed theiaventon widioenbe descohed by avayseftgxemple
during filtration. The concentration polarisation is greater in a (

| ar ge- sced e onys Weth refegericoto teacfimsastnd &adipent ahivhng | arge anounts of
suspended solids. The prior art systens have poor uniformty because the

Figure 1 shows a schematic side elevation of one embodiment of a membrane
module and illustrates the method of cleaning according to the invention;
Figure 2 shows an enlarged schematic side elevation of one form of the jet type
arrangement used to form entrained gas bubbles;
20 Figure 3a shows a schematic side elevation of a partitioned membrane module
according to one embodiment of the present invention;
Figure 3b shows a section through the membrane bundle of Figure 3a;

Figure 4a shows a schematic side elevation of a partitioned membrane module
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15 process fluid often enters one end of the tank and concentrates It
‘moves across the 1 nodules. The result is that some nodul es deal with nuch

hi gher concentrations than others resulting in inefficient operation. 8.
The filtration efficiency is enhanced due to a reduced filtrati

resi st ance YO#28#%8ed si de resistance i s decreased due to a F@ﬁﬁ@@é"’“s”
transverse fl ow passage to the nenbrane 20Q, surfaces and the turbul ence
generated by the gas bubbles and the two-phase flow. 9. Such a cl eaning
met hod can be used to the treatnent of drinking water, wastewater and the
rel at ed proeessbsg twya fuetior embediniEneof the preatitomveptioniess can be driven by
suction or pressurisation. Referring to Figures 3 to 5 enbodi nents of

various partiti pphROAREHARRGEIEBASS tHR68h thd m2ni¥PiRedRRd1? Rk 8498 - 13
PCTI AU99/ 00817 shown. Again these enbodi nents are illustrated with respect

to cylindrical gfubular ,or fibre nenr yndl.es however . it w.ll be
appreci ated tha lgflﬁee?al Wgﬁtai Sgherpgmh%lg g?lg‘rlng{ogc?ft% aﬁtﬁ% egﬁrbﬁlﬁ%%?? %‘ﬁgﬁ.ﬂeFi gure
3 shows a bundl e of tubular nenbranes 20 partitioned vertically into
several 5 tRFaQrding teanoher gibadimam of thefPressRENVEItioBarti ti on spaces 22. This
partitioning of the bundle enables accunmul ated salids to be renoved nore
easi |y wist hout Biggry 54 shants d se8somthrpeghkthametbgictyund BusIFigaetsaf i oni ng can
be achi eved during the potting process to formconplete partitions or
partial partiti r j Inel Gnesh LS to
pot several sm?%%{euﬁgﬁg?}gﬁesgﬁérgg% %g%gﬁysﬂog%fi% tgdtgé%ﬁ mddﬁgggggl own in
Figure 4. 10 Angt her confi ?trati on .of nenbrane nodule is

i nproved
i | 'ustrat ed®f99" ’P%f?raémg%r W&é@?ﬁ% AHBYSYIOE: zone forns a passage 24

to allow far more air and liquid injection. The gas bubbles and liquid then
travel al ong t hBigurshh showseriseaere throwhthe msabsangundlerafigurarays of fibres
at the top potted head 8, scouring and renoving solids from nmenbrane walls.
A singl e gas orFigufd X§howe DfimilasiiehauiRigean dfe fumheehtbdimén of e rveitioa; 15
Figure 6 illustrates yet a further enbodinment simlar to Figure 5 but with

single cgntral ' o : mﬁﬁ" : ni ng
I i quid/ gg)s m xtE%lé‘%sgogldh%%%}ﬁlrﬂgpwnggtvbtpgﬁ%%eg&rfy n thi gpgmrrgéd H%gtn(tg%tﬂt@he
fibres are spread adjacent the hole 30 and converge in discrete bundles 23
toward the {F™H3% 8. The large central hole 30 has been found to provide
greater liquid flow around the fibres and thus inproved cleaning 20

ef ficiency. Fi ghiges Tshovws Bsestioned parspeelveemplot v ey ©f die ovsr emd/ehaniother
having a sim | ar nmenbrane configuration to that of Figure 6 and jet m xing
syst em si m baferted ehtbalirgént ol hearibmBiame Modafe deterding t3.thd iwvetitéon;@hda si ngl e
central hole 30 allows filtrate to drawn off fromthe fibres 20 at both
ends as shown | ?igﬁfeqw §o¥s a sectioned perspective pictorial view of the upper end of the

15 membrane module of Figure 9.

PREFERRED EMBODIMENTS OF THE INVENTION
Referring to the drawings, the embodiments of the invention will be described in
relation to a mémbrane module of the type disclosed in our earlier PCT application No.
W098/28066 which is incorporated herein by cross-reference, however, it will be
20 appreciated that the invention is equally applicable to other forms of membrane module.
The membrane module S typically comprises fibre, tubular or flat sheet form membranes 6
potted at two ends 7 and 8 and encased in a support structure, in this case a screen 9.

Either one or both ends of the membranes may be used for the permeate collection. The
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"I 9 MAR 2003 WO 001 18498 -14 PCT/ AU99/ 00817 Referring to Figures 9 and 10

-of the drawi ngs, the nodule 45 conprises a plurality of hollow fibre

menbr ane bundl es 46 nounted in and extendi ng between an upper 47 and | ower
potting head 8. The potting heads 47 and 48 are nounted in respective
potting sl eaveris4sd and 50 for attachnent to appropriate nmani POI/dUp008HOL
shown). The fibre 5 bundles 46 are surrounded by a screen 51 to prevent
excessi ve novenent between the fibres. Asighown in Figure 9, the | ower
potting head 48 is provided with a nunber of parallel arranged slot type
aeration ho | r j TreTel t,q.form
a partiti onégé%éﬁgﬁhggﬁn%]ﬁb%g\%? Js%%c;ea:ns@ﬁ 82{1—8%%}?1%)% ré%s%rn gtge é‘? ltlﬁg
fibre 10 bundl es. The aeration holes 52 are positioned to generally

coi nci de wi fIfirthnee HERFHE %éugaéﬁﬁéé’él}lldtﬁ%%@ﬁtEl}’?efflémpéa“@éﬁ%fﬁ%qsi y a nuiber of
aeration holes associated with each space. The | ower patting sl eeve 50
forns a cavity Bbfdmhptv thhenibodenempehowhBin Riggees],arveaturi de¢vicel Dér thie dise & and
gas is injected into this cavity 55 by a jet assenbly 57 (described

earlier) betorRcRAS Hitbaibo#Ensdte DS erbRi HBHiEe | Dot ARADIARR0RSH Aot 135 1N ™

use, the use of partitioning enables a high energy flow of scouring gas and
liquid mxture arti.cularly near. t. ot egnds.o he fibre bund whi .ch
asalst it nEgRst ARt b el HEE i Bihe. Pt utiert BTel 1 R hERr LR
fibres. Air is preferably introduced into the nodul e continuously to

provi de oxy@Efseothe diquidsgasgari igtn the moguls apsrtureg 10 Pe%ﬁfmaﬁ%@&lﬁvvu%wbﬁr t he
menbranes. Alternatively) in sonme 20 applications, pure oxygen or other gas

m Xt ur es magishibutisrdpémate b, thé emrainedTf babbles sériub niahierahs sufaenwhile of t he
menbranes by a suction punp attached to the nenbrane | unens whi ch pass

through t hetrh'@é?ﬁﬁgeﬁ’ﬂk'ﬁ? agﬁng%&gg@g HgRidOEw & Blthtethe HlgRlLRABA b 9)@%‘35 can be a

application. Preferab rane nodul e 1's operated under 1 ow
transmenbrane pressure (TMP) canditipns because of the high con tration
of - S pando B BUPRLSY icsd) ey S8 tton pencITESRAR St TP eanod s g
reactor. PCTI AU99100817 The nenbrane bioreactor is preferably conbined with
an anaer®bi deieoi ésposaiblacte create gasbubibies and retaty the spesoml wishows atblaveart Iher om
the feed sewage. It has been found that the nodul e system enployed is nore
tol erant of viitgh dMiSS1D chlBe a Veiyiritas et nd¥y R, ejestoansdiutive, ifetiof bethe 1iker
scrub and back wash (when used) assists efficient operation and performance
of the bioreact : AN [ | debREgb ;¢ I

O vention and e 'égegll?%{r%e%gklte A gg%?géagﬂé@%'fj’ét%gﬁ%& typeldehRY4H it ifown. In

ave

this embodiment, liquid is forced through a jet 16 having a surrounding air passage 17 to
produce a gas entrained liquid flow 18. Such a device allows the independent control of
15 gas and liquid medium by adjusting respective supply valves.
The liquid commonly used to entrain the gas is the feed water, wastewater or mixed
liquor to be filtered. Pumping such an operating liquid through a venturi or the like creates
a vacuum to suck the gas into the liquid, or reduces the gas discharge pressure when a
blower is used. By providing the gas in a flow of the liquid, the possibility of blockage of
20 the distribution apertures 10 is substantially reduced.’
The present invention at least in its preferred embodiments may provide a number of
advantages which may be summarised as follows:
1. By using a venturi device or the like it is possible to generate gas bubbles to scrub

membrane surfaces without the need for a pressurised gas supply such as a blower. When



described in relation to an application to bioreactors and |ike syéé%M%BZNB
'the invention may be equally applicable to other types of application. to
It will be appreciated that the invention is not limted to the specific
enbodi nents descri bed and ot her enbodi nents and exenplifications of the

i nventi on WODOAB8i bl e wit hout departing fromthe sprit or SE3P8 ke

i nvention. 1 9 MAR 2003 WD 00/ 18498 - 16 CLATMS: PCT/ AU99/00817 1. A

net hod of scrubbing a nenbrane surface usildg a |iquid mediumwith gas
bubbl es entrai ned therein, including the steps of entraining said gas

bubbl es i nt @ nfive fluidipasdesibedugin doyenturbv gefiers@s 6 vhé it b dredH thep4adsto the Sour ce
of gas, and flow ng said gas bubbles S and |iquid nedi um al ong sai d
menbr ane suf; i [ ri : r ‘

acoor i ng t FIBARPyl ARRae p b IBEET PRl it PORREE R S TR ey
fl ow by neag; f a venturi d met hod according to ¢laim1l wherein

evice. 3. A
t he gas bub O%§ RrOSFRSTERUFES) ﬂ‘t?rde‘f“‘rli’ja&?ﬂgﬁss}“ﬁt taeplgwier g teref G aNErsEigns of

~ devices which forcibly mx gas into a liquid flowto produce a 10 m xture

of liquid acabtbfibjdratson.4. A net hod according to claim1, 2 or 3 wherein the
gas includes air, oxygen, gaseous chlorine, ozone or any conbination

thereof . s5. 2A NMERDIIGNE FHB RS BhaseeRiei vl NhiseedRh Wedentiti £id e afuseRiIbIRNeS,
sai d nenbranes being arranged in close proximty to one another and nounted

From il thi noehe st B SHEIE e RaRes, R Do IR EF Aed RunBhAREE: s

of said nenbranes, gas bubbles entrained in a liquid flow such that, in
use, said | mgthe gandte tvbliend smdiymmsgadditianal advisptage oo vidpd insthat alkigBerof
sdi d nenbranes to dislodge fouling materials therefrom said gas bubbl es
bei ng ent r avelecity of btk stregm d ppyduckdwimtyeasment dfivgpstesvapersduch tispoughendingyas
to draw the gas into said 20 liquid flow 6. A nenbrane nodul e according to
claim5 whepjyies @kekileh Ot eamnwh%tmlrgﬁs me&qslamgﬁ& fif @weds Rakfectly

menbranes to dislodge the fouling materials. 7. A method of renoving
foul i ng terials fromt ur.f.ace of. a.plurali f por hol | ow fi bre
rorbr ancd. rOUTImSHAPEE OIS 1 DRG: Bl petrRls ok B B vl g hefienl T
MAR 2003 WD 00/18498 -17 PCTlI AU99/ 00817 nenbr ane nodul e, sai d nmenbranes
bei ng ar r ank¥er ahthepipsewpll and Hicrsforegag gad HawdneH bynassiatorfiBerentpasisefent
excessi ve novenent therebetween, the nethod conprising the steps of
module, resulting in poor cleaning efficiency.
3. The flow of gas bubbles is enhanced by the liquid flow along the membrane resulting
in a large scrubbing shear force being generated. This method of delivery of gas/liquid
15 provides a positive fluid transfer and aeration with the ability to independently adjust flow
rates of gas and liquid.
4.  The injection of a mixture of two-phase fluid (gas/liquid) into the holes of the air
distribution device can eliminate the formation of dehydrated solids and therefore prevent
the gradual blockage of the holes by such dehydrated solids.
20 5. The injection arrangement further provides an efficient cleaning mechanism for
introducing cleaning chemicals effectively into the depths of the module while providing
scouring energy to enhance chemical cleaning. This arrangement, in combination with the

high packing density obtainable with the module configuration described, enables the

fibres to be effectively cleaned with a minimal amount of chemicals.



providing, fromwthin said array, by neans other than gas passi ng‘l % MABU%QRS
‘the ‘pores of said nenbranes, uniformy distributed gas bubbles entrained in
aliquid flow, said gas 5 bubbles being entrained in said liquid flow by
flowng said liquid past a source of gas so as to cause said gas to be
drawn and/ ayogu/igads i nto said liquid, said distribution bei ngpcuatiovdeat? sai d
bubbl es pass substantially uniformy between each nenbrane in said array
to, in conmbination with said liquid flow,.1gcour the surface of said
nmenbranes and renove accumul ated solids fromw thin the nenbrane rmdul e. 10
8. A nethod gccor | - [el i b r

m xed into sal d ﬂ&&g%&“?‘? 8&@@5@%&%@%@@%3%@ ?%b?ﬁ aCk aceth?gf ai‘m 8
wherein the nenbranes conpri se porous hollow fibres, the f| bres being fixed
at each endmpofule Wéhaérsxgnaﬁca@éaérﬂcrwmf@éé@ﬁclﬁa&. “ﬁbl%ﬁésma%n@na%@leégnhty
formed therein through which gas/liquid flowis introduced. 15 10. A

menbr ane nodhdt ¢hecrapmbiasic mgpdulgslcan ak leftiterdhtepratealiatonit henobid tasin erearfangeds), a
said fibre nmenbranes being arranged in close proximty to one another and

mount ed 10 REEYABkARX IR MRer M %g&ﬂ&mt BRLEPEINREY o GBS ACLRISE NEBRCANRRY

being fixed at each end in a head one header” having one or re o
forrredt erein t as UId s i nt duce and rtiti.o
neans ext end‘f' A;\l[ecz? g‘&s g‘?r}'t ﬁm ‘é‘r‘fl‘% aﬂggﬂg’ggr &) %‘becﬁ‘é ﬁ }beﬁm§:§|
msrrbraneflbres into groups. 11. Armdule according to claim10 wherein the
partition mSHEBINGMEOGCSY w&wt@nﬁpécﬂhgrm@w chemyads 4s¢e iF 21pp snpprtanps.

12. A nodul e according to claim11l wherein the fibre nenbranes are arranged

in cylindri ®atauss thryhemitald, hbidhanky bé dhack teethd bidpioatdsyarkisdinagbessient re of
the array or are 1 9 MAR 2003 WO 00l 18498 18 positioned concentrically ;

W thin the /{&? n
conpri sing g*g‘%?%%’fdta‘;‘e%g‘%?%ﬁgh (?ﬁg)er?%wn%l négs&éslgf gmgs’é any
menbr anes bei arr cl ose proximty to one anpther t a bundl e
and mount ed“?‘g‘%ﬁ%%ﬁg g?(&@é%ﬁ%&%%ﬁ%?ﬁ ‘i/?n@nf%’ﬁ%%%@@‘r‘?es F‘l&@lf?‘iaﬁtr VARABFSanes
being fixed at 5 each end in a header, one header having one or nore of

hol es fotored.- t h@dlelpnsmm ngmcwvuf @hmgag;t pf gasiagdfliquid fesd tneacbduerabranamgdulse
fi bre bundl e having a central |ongitudinal passage extending the | ength of

the bundl e bedwesn idirheRdbstionldk précdd® AbidareurtindeinBranes anbthetdfor® NeNMbr ane
bi oreactor including a plurality of porous holl ow nenbrane fibres extending

| ongi t udi nalyi el e B R AL 611 Bari RGN dBATe W THRABBELINROROL LI NG

head, said rane ?E‘Fberes erng a}r)ran e§H| n c ose proximty to one another
and nount ed t revent excessive no errent t et vveen |d fi.hres being
ke s o ed

par titi oned PPRESAIOTIS SHrater 4t 2 figriPces systame CRHTOSRIF freghrontaiupg frse
respective potting head so as to forma space therebetween, one of said
pot ti ng headsohatsiofiguspandadrsejidef Thepren ashsysissrsihaye pbar yrafprmiRyrheranse dre
provi di ng gas bubbles within said nodul e such that, in use,

15 process fluid often enters one end of the tank and concentrates as it moves across the .
modules. The result is that some modules deal with much higher concentrations than
others resulting in inefficient operation.

8.  The filtration efficiency is enhanced due to a reduced filtration resistance. The feed
side resistance is decreased due to a reduced transverse flow passage to the membrane

20 surfaces and the turbulence generated by the gas bubbles and the two-phase flow.

9. Such acleaning method can be used to the treatment of drinking water, wastewater
and the related processes by membranes. The filtration process can be driven by suction or

pressurisation.

Referring to Figures 3 to 5, embodiments of various partitioning arrangements are
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15 sai d bubbl es nove past the surfaces of said nenbrane fibres to dislodge

fouling materials therefrom 15. A nenbrane nodul e according to claim 14
wherein said aeration openings are positioned to coincide with the spaces
formed betyee i.d partitioned bundles. 16 A nenbrane nodu gto
claim15 mﬁ@”&lﬁaéald openi ngs conprise a slot, 20 slots or¥§T§§&9% ﬂ | es
and fibre bundles are |ocated in the pott ¥g head between the slots or rows
of holes. 17. A nenbrane nodul e accordingto claim110, claim13 or claim 14
wherein the fibres within the nodul e have a packing density of between
about 5 to Hievi Ammg these embedimignis pee ipetiated with sespeeigo cylindidaltubolar ot fibm 13
or claim 14 wherein the fibres 1 9 MAR 2003 WO 00/ 18498 PCT/ AU99/ 00817
-19 wi t hi n mb@brind burdlbae, weaekitnglldenpbietiatld thetthe afveahion s it limidB eyt
55% 19. A nenbrane nDduIe according to claim 16 wherein said holes have a
di anet er oré@ﬁa ent dianmeter in the range of about 1 to 40 nm 20. A
menbr ane no e accor I'ng to claim 16 wherein said hol es have a dianeter or

an 5 equivalent_dia of apout 5 tq about 25 mm 21. A
menbr ane nodul & ISBI'(?%%PN‘G at%mgﬁaeﬁfﬁ&%gar Tpegpraness?(hpartifigned vertiGally et seygsal

i nner dianeter of each said fibre is in the range fromabout 0.1 mmto
about 5 fmthizpslicgs ehpranmbepdipasaliet patitiongpaces 22.aThis partitcdnam g ltBe biindlé ai m
14 wherein an inner dianmeter of each said fibre is in the range of about

0.25 M t 0 &HaBut adeuriliatdd selfis tOLIREHRGRAGN SR @i By et A g dafit R)E@bﬂ}a%gm
claim13 or claim 14 wherein a wall thickness 6f each said fibre is gween

clai m ‘iéoﬁr&eﬂf?mﬁiﬁﬁ%ﬁé o H%EHF“ S S A s S T

about 0.1 nmto about 1 nm nmbrane_bi oreactor incl udi n(g a tank
havi ng nmearRRriRnsoR @agtial P%HEP% o‘?'tnfﬁ}f‘effrﬁﬁﬁoqsf foraingr partitenes medule Brtaipay
activated sludge within said tank, a nmenbrane nodul e according to claim 10,

cl ai m 13 orsegtral srnallmupomi'tﬁemhemevﬁmnﬂlea 23 antd ebeininoduleas showvbén Figurrsed in
sai d sludge and sai d nenbrane nodul e provided with neans for w thdraw ng

filtrategofrom aindiB@sin %d%ﬁﬁ@fraﬁ@d &k thERbAnERIY 3m§§1lus%§tedp‘n ﬁfgéu*eé’g Phe

operating a membrane b| oreactor of the type according to claim

conpri si ng r.oduc f.eed to.said_tank ng _a vacuum.to s i bres

Lo t har s TP PR R EFE PO T R et 2AREIN RotndrB RGO nieatinny o
gas bubbl es through said aeration openings to wthin said nodule such that,

in use, saithaamsbrRRlespbligEd ﬁhmﬁ@vml%&:% teffulay anembraney Zhand pass eyt t o

di sl odge fouling materials therefrom 27. A nethod according to claim 26
wher ei n t hehrpagh brrbid efSfitaeeatahd l’o@l ipoedd beadnd, seshrigtandaemonBlsAiEsMdfh SHEET 1
9 MAR 2003
membrane walls. A single gas or a mixture of gas/liquid can be injected into the module.
15 Figure 6 illustrates yet a further embodiment similar to Figure 5 but with single
central hole 30 in the lower pot 7 for admission of the cleaning liquid/gas mixture to the
fibre membranes 20. In this embodiment, the fibres are spread adjacent the hole 30 and
converge in discrete bundles 23 toward the top pot 8. The large central hole 30 has been
found to provide greater liquid flow around the fibres and thus improved cleaning
20 efficiency.
Figures 7 and 8 show further embodiments of the invention having a similar
membrane configuration to that of Figure 6 and jet mixing system similar to that of the

embodiment of Figure 2. The use of a single central hole 30 allows filtrate to drawn off

from the fibres 20 at both ends as shown in Figure 8.
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5 and liquid medium along said membrane surface to dislodge fouling materials therefrom.
2, A method according to claim 1 wherein the gas bubbles are entrained into said liquid
flow by means of a venturi device.
3. A method according to claim 1 wherein the gas bubbles are entrained or injected into
said liquid flow by means of devices which forcibly mix gas into a liquid flow to produce a
10 mixture of liquid and bubbles.
4. A method according to claim 1, 2 or 3 wherein the gas includes air, oxygen, gaseous
chlorine, ozone or any combination thereof.
5. A membrane module comprising a plurality of porous membranes, said membranes
being arranged in close proximity to one another and mounted to prevent excessive
15 movement therebetween, and mleans for providing, from within the module, by means
othc;.r than gas passing through the pores of said membranes, gas bubbles entrained in a
liquid flow such that, in use, said liquid and bubbles entrained therein move past the
surfaces of said membranes to dislodge fouling materials therefrom, said gas bubbles being
entrained in said liquid by flowing said liquid past a source of gas to draw the gas into said
20 liquid flow.
6. A membrane module according to claim 5 wherein said liquid and bubbles are mixed
and then flowed past membranes to dislodge the fouling materials.

7. 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
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8] =] L] ] "8 "wbibbles being entrained in said liquid flow by ﬂowing said liquid past a source of gas so as
to cause said gas to be drawn and/or mixed into said liquid, said distribution being 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.

10 8 A rqethod according to claim 7 wherein said bubbles are injected and mixed into said
liquid flow.

9. A method according to claim 7 or claim 8 wherein the membranes comprise porous
hollow fibres, the fibres being fixed at each end in a header, at least one header having one
or more holes formed therein through which gas/liquid flow is introduced.

15 10. A membrane module comprising a plurality of porous hollow fibre membranes, said
fibre membranes being arranged in close proximity to one another and mounted to prevent
excessive movement therebetween, the fibre membranes being fixed at each end in a
header, one header having one or more of holes formed therein through which gas/liquid
flow is introduced, and partition means extending at least part way between said headers to

20  partition said membrane fibres into groups.

11. A module according to claim 10 wherein the partition means are formed by a spacing
between reSI;ective fibre groups.

12. A module according to claim 11 wherein the fibre membranes are arranged in

cylindrical arrays and the partitions extend radially from the centre of the array or are
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mounted to prevent excessive movement therebetween, the fibre membranes being fixed at

5 each end in a header, one header having one or more of holes formed therein through
which gas/liquid flow is introduced, and the fibre bundle having a central longitudinal
passage extending the length of the bundle between the headers.

14. 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

10 to arespective potting head, said membrane fibres being arranged in close proximity to one
another and mounted to prevent excessive movement therebetween, said fibres being
partitioned into a number of bundies at least at or adjacent to their respective potting head
so as to form a space therebetween, one of said potting heads having an array of aeration
openings formed therein for providing gas bubbles within said module such that, in use,

15 said bubbles move past the surfacés of said membrane fibres to dislodge fouling materials
therefrom.
15. A membrane module according to claim 14 wherein said aeration openings are
positioned to coincide with the spaces formed between said partitioned bundles.
16 A membrane module according to claim 15 where;in said openings comprise a siot,

20 slots or a row of holes and fibre bundles are located in the potting head between the slots or
rows of holes.
17. A membrane module according to claim 10, claim 13 or claim 14 wherein the fibres
within the module have a packing density of between about S to about 70%.

18. A membrane module according to claim 10, claim 13 or claim 14 wherein the fibres
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21. A membrane module according to claim 10, claim 13 or claim 14 wherein an inner
diameter of each said fibre is in the range from about 0.1 mm to about 5 mm.
22. A membrane module according to claim 10, clai'm 13 or claim 14 wherein an inner
diameter of each said fibre is in the range of about 0.25 mm to about 2 mm.
10 23. A membrane module according to claim 10, claim 13 or claim 14 wherein a wall
thickness of each said fibre is between about 0.05 to about 2 mm.
24, A membrane module according to claim 10, claim 13 or claim 14 wherein a wall
thickness of each said fibre is between about 0.1 mm to about 1 mm.
25. A membrane bioreactor including a tank having méans for the introduction of feed
15 thereto, means for forming activated sludge within said tank, a membrane module
according to claim 10, claim 13 or claim 14 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.
26. A method of operating 2 membrane bioreactor of the type according to claim 14
20 comprising introducing feed to said tank, applying a vacuum to said fibres to withdraw
filtrate therefrom while periodically or continuously supplying gas bubbles through said
aeration openings to within said module such that, in use, said bubbles move past thé

surfaces of said membrane fibres to dislodge fouling materials therefrom.

27. A method according to claim 26 wherein the gas bubbles are entrained or mixed with a
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30. A membrane module substantially as hereinbefore described with reference to any
one of the described embodiments and its associated drawings.

31. A method of scrubbing a membrane surface substantially as hereinbefore described

10  with reference to any one of the described embodiments and its associated drawings.



