FI LTRATI ON SYSTEM TECHNI CAL FI ELD The present
invention relates to nenbrane filtration systens, and

woreroe/opsne i cul arly, to a sinple, |ow cost filtPEr/AT2006/000039
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system whi ch may be used in renote, underdevel oped
regions of the world or in |locagtions where nornal

i nfrastructure has been damagéd or destroyed by a
natural _or_ man- made di saster. BACKGROUND OF THE

| NVENTI OVTRATERY SXi&=Mof  devel opi ng countries, cl ean

drinking water is a scarcity. Also for the nore renote
regions electricity is not avail able. In such regions
t heCliNICAL Ebgldhsi ve, energy intensive water
filtration systens is inpractical. Filtration systens

enpl oYhe prexsurt iventiohraress travenigane ffiftratiof $yeters)and more
years, however, these systens require expensive

e Ak I ([8ki PR W=Y=Yol! i
Seé'rttlgg%rﬂl&r 4 srapie! Ry Eblémllt?ﬁlorf’@s‘f&n?iﬂlglgﬁ \Xﬁé‘y ngJsed in remote,

e expense Is usually justi ere

I - I [ . i ,

R TBoBeR YU B ot ST BB BstiBhP duerk3icBfhel jpfrastructure
renote | ocati ons where ecqnoni es of scale are not

pB%%I@% dgﬁwqeéia%ryd%%ﬁa@goqyoa 8pREekQrdnay-made diastay- or
non-exi stent, there is a need for a sinple, |ow cost

f BAGKG ROUND Qe mHE INVENZHONel i ver hi gh quality

drinking water on a small or limted scale such as a

si ngl & hanyahears ef dsvealopsingldountied), cléahl driykindwatdr@SERicarcity.
OF THE | NVENTI ON The present invention seeks to

OXROTBMeloRd P B icRids dlBagicitP REn&f avdii@ble. In such regions the

di sadvantages of the prior art, or to provide a usefu

Iallﬁ%/eg éflg%élé’rgsrn{)ésfé@%iﬁ%wn%éﬁ\éé; Q/%F@rs‘fﬁﬁgﬁon E)IHeHIS% ‘?r%ractical.
Filtration systems employing porous membranes have been in use for many
years, however, these systems require expensive equipment and complex
pumping, valve and cleaning systems. The expense is usually justified where a
large-scale system is employed servicing a large community.

In poorer developing countries and/or in remote locations where
economies of scale are not possible and ready access to electricity is limited or
non-existent, there is a need for a simple, low cost filtration system which can
deliver high quality drinking water on a small or limited scale such as a single
farm house or a small rural village.

DISCLOSURE OF THE INVENTION
The present invention seeks to overcome or ameliorate at least one of the
disadvantages of the prior art, or to provide a useful alternative.

According to one aspect, the present invention provides a method of

cleaning a permeable, hollow membrane in an arrangement of the type wherein



cl eani ng a perneable, hollow nenbrane in an
arrangenent of the type whereina pressure differenti al

w0 200appisied across the wall of the perneabl e, POI/AG2006/000039
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menbrane imersed in a |iquid suspension, said liquid
suspensi on being applied to the outer surface of the
per neabl e hol | ow nenbrane to i'fduce and sustain
filtration through the nenbrane wall wherein: ( ? sonme
of pregsure glifferestivlge applied parwssdhe meadajiihe permarbleghollow
the menbrane to be drawn off as clarified liquid or
peentzrasefimomersée imalliqoid sespension, saitdiguidsdsdn)siant being
| east some of the solids are retained on, or in, the

habhplind toetherouter wﬁaﬂe'wme%rméablésf&ﬂm\ﬁﬁeﬁ%r‘adé to induce and
within the liquid surrounding the nenbranes, the

f
pro%ﬁ@ifﬁga%rgﬁgg? aﬁ%{g{ |ont"{)bglt%§ ﬁe rrle?rbrane

d the,l d to di.sl t
The o nesbgg 388 N 8?%«s§sn'§»%n° a8hrpHaN faf S the
renovi ng, at |east partially, quid fromthe feed

side of theMeBMIRAALO @efc%rawna?faa%pla@uedﬂiguw Rerapeaie from the

produci ng the nechanical agitation. According to
anot her asphkeliow memiptapedumennaedt i on provi des a
nmet hod of cleaning retained solids fromthe surface of

t he pefbreabhidebst $ame o tHy solkisisredetaingd 6ROF il he hollow
filtration systemincluding the step of producing

nechani cal h@@ﬂkﬁﬁﬂ%h@%r%ﬂﬁé’m é@@g o@‘édm Hlﬁ‘fl’éé’llqwd

in which t rane is inmerse e at
mechani CLFE%L&F%W@itnwr@@aﬁéé E;eﬁﬁbfﬂéet e
nbr%trt]]?)grqefy%t%ﬁﬁg ggﬁ{ﬂl’rllglnlgntﬂélsde&row ce versa. The

i) producing mechanical agitation between the membrane and the

liquid suspension to dislodge at least some of the retained solids.

Preferably, the method includes removing, at least partially, liquid from
the feed side of the membrane before and/or during the step of producing the
mechanical agitation.

According to another aspect, the present invention provides a method of
cleaning retained solids from the surface of the permeable hollow membrane
used in a membrane filtration system including the step of producing mechanical
agitation between the membrane and liquid in which the membrane is immersed
to dislodge at least some of the retained solids.

For preference, the mechanical agitation is produced by moving the
membrane relative to the liquid or vice versa. The liquid is typically held in a

vessel which may be open or closed to atmosphere. In such arrangements, the

agitation may be produced by moving the vessel and the liquid therein relative to



vessel which may be open or closed to atnosphere. In
such arrangenents, the agitation may be produced by

worewsngisthe vessel and the |iquid therein rel ap€wavu2006/000039
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tot hg nenbrane/s or vice versa. Such novenent includes
inter alia, rotation, |ateral venent along an axis
of the vessel and/or rocking enent. The novenent is
preferably oscillatory. The cl eaning nmethod nmay be

siepnembiaee/sy viekvesisaa Suc@umvwcnmlud@:sdntar alia, rotation,

chem cal cl eaning of the nenbranes using appropriate

clatzral mpvegwmt alontcan agisng the vesss| xexd/arspekingahovdraent. The
present invention there is provided a nethod of

tedbhiegt & biclieraBlysoSERAShON to renove particul ate
material using oné or noré perneable, hollow

e a9 TG IS/ BhaPBY Y5891 tiquid backwash

PaAdTER Ehmicd sl e B e d e ies Toiap mpDaomiiite dlaaping agents.

the outer surface of the perneable hol| ow nenbranes to

i nduceAegrIdingstoanethen aspact ehtherpresght inventirniiiegads provided a
wal | s wherein: (i) some of the |iquid suspension

pastex ohirealiiy & liquideduspens$iontte remalve paeticulatebmatbrimvusing one
off as clarified liquid or perneate fromthe holl ow

f@rﬁ’ﬁb?@?ehﬁ@@tﬁlé, hélfsly ridmbdihek et metieR! iAkiud

particul ate material is retained on or in the oIIow

”?”er(‘éZS oé%ﬂgfﬁﬁg%ﬁe%safe n%lﬁ%ﬂﬁﬂ%‘? l%%%'tﬂétv%ﬂelfs%f%yﬂ)%rmeable

[i qul urro ranes,; ere

oG G anes RARISSE i ol SUHRALER, piificlid' Sisepsion

this rreth@(g the 1iquid susgensn on may be contained in
Peing apRlige ia He auigr sHease glithe Rer ballewmembranasdo induce

vessel under force of gravity
and sustain filtration through the membrane walls wherein:

(i) some of the liquid suspension passes through the walls of the
membranes to be drawn off as clarified liquid or permeate from the
hollow membrane lumens, and

(i) at least some of the particulate material is retained on or in the
hollow membranes or otherwise as suspended solids within the
liquid surrounding the membranes;

wherein the pressure differential is produced by withdrawing liquid under force of
gravity from the fibre lumens.

In one form of this method, the liquid suspension may be contained in a
closed vessel and the liquid suspension fed into the vessel under force of gravity
such that pressure is applied on the feed side of the membranes by gravity feed
of liquid into the vessel and/or suction is applied to the membrane lumens by

gravity flow therefrom.



such that pressure is applied on the feed side of the
menbranes by gravity feed of liquid into the vesse

w@nabor4ssucti on i s applied to the nmenbrane | unBCFADGY006/000039
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gravity flow therefrom -AAccording to another aspect

of the present invention there is provided a nethod of
treating a |iquid suspension td T emove particul ate

mat eri al using one or nore perneable, hollow

menbr aAesordingetonandthdr aspaaidif tite plespnhpyention there is provided a
pressure differential across the walls of the

pafstRed beiresiing aWqoRNSUspResionBaeARVel parécliatiraterial using one

suspensi on, sald |iquid suspension being applied to

U BE e g%gﬁlééfa@fﬁo wwémeﬁd@ameem%%cgmc@@;anes to

i nduce sustain filtration through the nbr ane

passestnr oabhy ke B FRule Atifehtel sfost BRT0ISS e permeate

off as clarified liquid or perpeate fromthe hall ow .
nBalRv membranes Imsmersediiy adiquidsidspensian, saiq liguid suspension
particulate material is retained on or in the holl ow
nbeingapptied to théontersurfase of e perroeakieintdow membrahes to induce
liquid surroundi ng the nmenbranes; wherein the |iquid

sgag@ensiagmfiltrationth@iugeche memberewiks ahkereind t he
pressure differential is produced by siphoning |liquid

fromthe MegEANS thy NeORH sﬁ%ﬁé@h%s‘s@s@ﬁ rthé%’cﬂ%tc]gf the

of the present invention t e I's provide nmet hod o

hatoriar usTie RS BBl i S FRIRHAL Y ffineate from the
nmenbr anes, _ %h nmet hod i ncl udi ng: ag) applying a
pressure di @@%m% rafie lygensnandal 1 s of the

pernmeabl e, hol | ow menbranes imersed in a liquid i
suspenéi)on, atlgagt semeial the ppeieylaie material is retained on or in the

hollow membranes or otherwise as suspended solids within the
liquid surrounding the membranes;
wherein the liquid suspension is contained in an open vessel and the pressure
differential is produced by siphoning liquid from the membrane lumens.

According to another aspect of the present invention there is provided a
method of treating a liquid suspension to remove particulate material using one
or more permeable, hollow membranes, the method including:

(@)  applying a pressure differential across the walls of the permeable,
hollow membranes immersed in a liquid suspension, said liquid suspension
being applied to the outer surface of the permeable hollow membranes to induce
and sustain filtration through the membrane walls wherein:

(i) some of the liquid suspension passes through the walls of the

membranes to be drawn off as clarified liquid or permeate from the

hollow membrane lumens, and



being applied to the outer surface of the perneable
hol | ow nenbranes to i nduce and sustain filtration

wa boenngts1e he nenbrane wal ls wherein: (i) some BET/ALZ006/000039
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i quid suspension passes through the walls of the
menbranes to be drawn off as clarified liquid or

perneate fromthe holl ow nenbra&te | unens, and(ii) at

| east some of the particulate material is retained on

or in (e hatleagt sambdths particotate matedakis retapachdedr in the
solids wthin the Iiquid surroundi ng the nmenbranes;

(b) suspendhoiipve eembidriesairictiferwiss agsadpenddd solids within the
nmechani cal agitation between the nenbranes and the

l'i quid SUSpF?tgLﬁd%Urrbgnginﬁltﬁggﬁelﬂ%)d%r?&ﬂ sone of the

retained particulate materi renmoving liquid

cont |ng Qu%Je%gﬁfg’j??arfﬁfr&%rﬁte material; (e)

reco nci ng 3™ n one enbodi ment t he

met ho |nclud t he st east

par 1 @1y, PRERclnd marTanga o ibtyBon iES Herapimes and the
bef ore and/or during the step of producing the
mechalifiuiéisuagension émdisinsge atleasti some ot theoketained particidate
aspects, apparatus for perform ng the various nethods
descrimbéstialBRI EF DESCRI PTI ON OF THE DRAW NGS Pref erred

enbodi nents of the invention will now be descri bed, by
vay ofd)exanioing Yiqui écfhtélﬁfn%rcﬁgl%ﬁgbe da'i‘ﬁculate material;
acconpanyl ng draw ngs in which: Figure 1 shows a

Si n’pl< nt %Cgﬁlrﬁgﬁ(%lhgggkdﬁ RS &Ill on view of one

enbod t1on no uIe according to the

| nVentl'noonrie embodiment the method includes the step of removing, at least

partially, liquid from the feed side of the membrane before and/or during the step
of producing the mechanical agitation.
The invention includes, in other aspects, apparatus for performing the
various methods described.
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:
Figure 1 shows a simplified side sectional elevation view of one
embodiment of a filtration module according to the invention;
Figure 2 shows a simplified side sectional elevation view of a second
embodiment of a filtration module according to the invention;
Figure 3 shows a simplified side elevation of one arrangement for
producing mechanical agitation of the filtration module;
Figure 4 shows a simplified side elevation of another arrangement for

producing mechanical agitation of the filtration module;



Figure 2 shows a sinplified side sectional elevation
vi ew of a second enbodi nent of a filtration nodul e

wa@ewendismy to the invention; Figure 3 shows a PCT/AU2006/000039
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simplified side elevation of one arrangenent for

produci ng nmechani cal agitation of the filtration

nmodul e; Figure 4 shows a si rrpl'i6f‘i ed side elevation of

anot her arrangenent for produci ng nechanical agitation

of t heFigure ashewsndimplifitdyside Bleyator of aneiper fareangement for
si de el evation of another arrangenent for producing
neoidacingaineabaniatl agitatibntdi¢hd filtitatiehinnodutepul e; Fi gure

6 shows a sinplified side el evation of another

arr angeghpd 6 8hows 04l WhhpRfide SN bektiel! dfabh@Replartdyement for
filtration nodule; Figure 7 shows a sinplified side

e ' £ 0r ; ' . Of filtration

R RRE Yoo it A ERoR B MR imddie &' <1 ove

graph of trgnsnenbrane pressyre, pesrneabili flow,

oo dauie 2 AR 7 amp et Sierel ool it e Bigiment of the
in respect of a nmenbrane nodul e according to one
ciitrationraindule ageerding/terihedaventioBCRI PTI ON OF PREFERRED

EMBODI MENTS Referring to Figure 1, the filtration

devi ceFiguspBpshows aagmpm ot trdedmeniirane pressate, ermeability, flow
having a filtration nodule 7 fitted with a filtrate

Cridife Sndead geuling Prdek TBF|)Smbas@edbvidraingd h réspees of H0membrane
is connected at one end to the filtrate cup 8 and at

L@ﬁg%@éco‘?&‘m&ttﬁ eo%{ég&%é?&{]iﬁﬁéqt%‘Pﬂ’ié‘fn@@ﬁti@é The

ration nodu ype described in our

revenEiOR OFREFERRTR EHRBREN R, Sl ool -

menbrane filtration device may be used. In this
nodul Refesirg ta Figyee Jathesilbatiomgevise pseemarises aopen-ended

openings within the | ower pot are used for renoving
tubular vessel 6 having a filtration module 7 fitted with a filtrate cup 8, sealed by

o-rings 9 located therein. A hose 10 is connected at one end to the filtrate cup 8
and at its other end to an external container 11.

The filtration module is of the type described in our International Patent
Application No. WO 98/28066, however, it will be appreciated that any suitable
membrane filtration device may be used. In this module, however, no gas
scouring is used and the openings within the lower pot are used for removing
feed liquid from the module.

When operating in the filiration mode, a pressure differential is produced
across the membrane by a siphoning action applied to the membrane lumens
through the filtrate cup 8. Filtrate is drawn from the cup 8 and out through hose
10 into the external container 11 under atmospheric pressure. Additional
suction pressure can be applied to the membrane by adding a suction device to

the filtrate line. The advantage is that the differential pressure across the



feed liquid fromthe nodul e. Wen operating in the
filtration node, a pressure differential is produced

w@emessssthe nmenbrane by a siphoning action appPCEAUL0E6/000039
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the nenbrane | unens through the filtrate cup 8.

Filtrate is drawn fromthe cup78 and out through hose

10 into the external container ‘Il under atnnspherlc

pressure. . fd|t|onal suction pressure can be appli

t BeNRIang s imitedig theigfmesrhesicRPEsUgeaNt Benes ?N@GSS'VG fouling of
filtrate line. The advantage is that the differentia
pthesmembrane cas hehavaiddd.ane is [inted to the

at nrospheric pressure and hence excessive fouling of

t he meThe anembainddst thedidlieeh oflihe MBabIedd BIcdkednsF from the feed
bottom of the nodule is bl ocked off fromthe feed such

t&iadh fh'&?(ﬁé filtra®d 8nd@Mékd R&Hd 'réﬂx‘éhﬂg?ﬁf@élt@/h LA, I'l"he openings

separat e he open| ngs (not sho oftom p

ifhet ?ﬁb%&ﬁ} ﬁ&&?é"t&' W deshafalRe l@@nmu?f‘?ﬁérre%dlﬂﬁg

menbr ane. é e | ow pressure operation of th
filtr a@vehtlme@&es lrafiga fiowuekmeduserstiede forking pf theamembrane.

side of the nenbrane is easily renoved through
nidu e 4o thealovegressure opemtionrd dhafiltedionguocess, dthe deddnt formed on
for cleaning the nenbranes can take a nunber of forns

vihiecftitrattel didd ef tresmicniierdnk & essilyl renidvedpthésedl mechanical
enbodi nent, which uses an open vessel 6, agitation to

g@teﬂ@ﬁbrane is applied by plunging the rrenbrane
nodul e 7 up and down inside the tubul ar vessel

A R P e
bt eé?W eh Ofrﬁlsdﬁ’,@ﬁh H‘ﬁlgﬁﬁlﬁéﬁgﬁ& {%éfndﬂ:?\rglgdlt Eg pl ungi ng

oper ation.
In the present embodiment, which uses an open vessel 6, agitation to the

membrane is applied by plunging the membrane module 7 up and down inside
the tubular vessel 6 and/or oscillating the module 7 about its longitudinal axis.
To help remove solids from the inner membranes, holes in the lower pot 12
assist in providing agitation through hydraulic motion during the plunging
operation.

Another form of agitation may be to apply gas pressure to produce
bubbles to agitate the membrane through the holes in the lower pot 12.
Alternatively, if the membrane module 7 is lying horizontally, then the gas can be
applied along the length of the module.

After agitation, the tube vessel 6 is emptied of concentrated liquid
containing the dislodged impurities and refilled. Emptying of the liquid may be
done by pouring the liquid from the vessel 6, draining liquid through the base of

the vessel, and/or pumping or siphoning liquid from the vessel. Depending on



Anot her form of agitation may be to apply gas pressure
to produce bubbles to agitate the nmenbrane through the

wholoen745m t he | ower pot 12. Alternatively, if PEEAU2006/000039
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menbrane nodule 7 is lying horizontally, then the gas

can be applied along the length of the nodule. After

agitation, the tube vessel 6 ¥ enptied of

concentrated |iquid containing the dislodged _

i theufepdliggida fdnak requikisumessiyeragitation hemphying anddiyl dysles to

done by pouring the liquid fromthe vessel 6, draining

| tegoiver therfdtragtion flewbate Oh donepleticers ef cleanihigothepmemibrane module

or siphoning liquid fromthe vessel. Dependi ng onthe

f Befilraieatlipds ant HERe TREH pBmel GHBPWhKS t8 Feinfidte itration.

enptying and fill cycles to recover the filtration

flow rg; j I ' .

rodul ¢ 9ers &R PAREAE birRalther B e MEIFHGBIR, fpnverted to
ter to.rejnitiate filtration. Fj e 2 sh n ...

RS herdinet HubsBediertns btactnentt fiura T Feltuid s fed to

that described in respect of the enbodi nent of Figure

1ethes & PReJLPLCIrsed dbular vassebp. amthpembedirpeatiiastrated, the

tubul ar vessel 6. In the enbodinent illustrated, the

ttubulasivesssldeis @dosed with seféedi donnacfiee d3 comthectdrewed 2nd cap 14.

on the screwed end cap 14. For a closed vessel 6, the

VSIS CloBednebsdles, Rhe Veds sl must BE prinitl b&Rre BEafkaPthtlend cap
Alternatively, the end cap can be seal ed and a vent

Vﬁ4.Vﬁltﬁgﬁﬁit@ﬁlb@ﬂ\e}]@?i‘géﬁ\ggﬁ Rt %&j éhg 0y ti\}gl\f;ég%qg{:a‘?l%g to allow

i's pus oug ul'e ositive

r .feed ljquid it | press .
R G rtBings 3 oant R ulap diEretigR Be R L6y @ positive head
t hrough si phoni ng. of . t filtrate hose 10. The nodul e
PIESSYrg Ot @@ f?‘«ﬁgglqmq -t}r@@'Iaoe@dorsswﬁﬁer@r@@ba@r@ss the
therein by o-rings 9. Cean filtrate exits the nodul e
memprame can beranpdied dpradightaiphaeriing of texfillrateahdsé 40. The module
collected in a container 11. As in the configuration
i1 Isustatetidd ai fiitr&iegeue8 Whidtolsesedidd tHeinapy 614thgs®.0C ean filtrate

the nodule 7 assist in the cleaning operation.

exits the module 7 via the filtrate cup 8 through a hose 10 and is collected in a
container 11. As in the configuration illustrated in Figure 1, holes in the top end
15 of the module 7 assist in the cleaning operation.

The advantage of the closed vessel is that additional pressure using a
header tank or any other pressure-boosting device can be placed across the
membrane to provide a higher filtration flow.

Similar to embodiment of Figure 1, cleaning is done by mechanical
agitation of the membrane relative to the liquid within the module 7. The module
7 maybe removed from the tubular vessel 6 and cleaned or left within the vessel
6 and the entire assembly agitated to loosen the foulant. If the module is left

mounted in the tubular vessel 6, then cleaning must be done with the vessel 6 at

least partially filled with liquid. Where a closed vessel is used, the liquid within



The advantage of the closed vessel is that additiona
pressure using a header tank or any other

wWEe@sdwse* boost i ng devi ce can be pl aced acr ossP€TI&aU2006/000039
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menbrane to provide a higher filtration flow Simlar

to enbodi nent of Figure 1, cleaning is done by

mechani cal agitation of the mefbrane relative to the

liquid within the nodule 7. The nodul e 7 maybe renoved '
fthendsse! iswlasirablyveartially feraovbd-toealiovd ther liduid to Wetagitated relative
the vessel 6 and the entire assenbly agitated to

|l @opemeh®rded. ant. If the nodule is left nounted in
the tubul ar vessel 6, then cl eaning nust be done with

t he ve I ra i ' i herdbeM Tiaui
whor o A1 QB8 esard ihpaty eiqRl A poncopfaict i
vessel .i s desjrahl rtially.re [ ] ony t .
 Soriptnind sttt mpules el 0D PREeh@nBi bl e wgter
agitation the vessel 6 is again enpti e&i;of I
coaySaavise sHCsesRiNaiagitation, Aralg anddllleygias torFsgeyer tbe filtration
and refilled. Depending on the feed water, it nay

r gowiate. $us @evantageays tatootinuedmechanicdl agitatianyduring the
recover the filtration flowate. It is advantageous to
CORfphyING OF B ddd SR b. T baiplationldfidigaring, thertlibulag veésel 6 and
the vessel 6. On conpletion of cleaning, the tubul ar

VfiRile P 78 Brifffdufin llodiGoRbintRfle fitfdlionl qui d o

r Il ate on. Figures 3 to 6 illustrate

vari ous. enbodi s _.of, _how .

nechan\g'@ét'r?ﬁfga‘g%ﬁglﬂ% e |V%r'af‘$§"gﬁg’%§P@fa'?°§% the,module may be
met hods il lustrated are not exhau(i&ri1 ve d a, va{i etdy
omeebanigally apitalgd: dt vrPerappisEate %m%ﬁ%’%&l‘ea rated’are not

wi t hout departing fromthe scope of the invention

dexitaustive.arfd gvasety of meshanical egitdtior mathods ehebe employed
nodule 7 is agitated within the vessel by rotating the

MaftHbet depiting fivin the s oft the hapadiohadeticeib@.

connected to the module 7. The nodule 7 is normally
rot at eflidyfe 8TsHAMWH 4 cRIs@tWessel 6 where the module 7 is agitated within

the vessel by rotating the module 7 using an external t-shaped handle 19
connected to the module 7. The module 7 is normally rotated in an oscillatory
fashion as illustrated. Alternatively, the vessel 6 can be rotated while the
module 7 remains stationary or a combination of both motions in contra-
directions can be used. Fins or the like (not shown) can be provided within the
vessel 6 to assist agitation of the liquid therein. A similar action could be
performed with the vessel 6 positioned horizontally or any desired angle of
inclination.

Figure 4 shows an arrangement where the vessel 6 is mounted on a pivot

20 to allow the vessel 6 to be rocked to and fro about a central lateral axis.



fashion as illustrated. Alternatively, the vessel 6
can be rotated while the nodule 7 remains stationary

W@R008/0TBMDI nati on of both notions in contradi rRECT/AT26/000039
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can be used. Fins or the |like (not shown) can be

provided within the vessel 6 to assist agitation of

the liquid therein. Asimlar- ¥tion could be

performed with the vessel 6 positioned horizontally or ]
any debkiguerlSatgws asinilat larreageorent ko figure 4 wherasthervessel 6 is
arrangenment where the vessel 6 is nounted on a pivot
2fouated by draéleves &ehlldw the Besded 6ke et rocked td anddhoabout a
a central lateral axis.Figure 5 shows a simlar

akdrd | Figure 4 where the vessel 6 is nounted
onac?%ﬁgr% 1 to allow the vessel 6 to be rocked to

and fro. about ,a central lateral axisg. Fi . ho

an ar ragEnE R RWRe: aRaoSBLENETS dieyeriel i PN o

hori zontal position and oscillated to and fro al on .

i PRrIZO8HRY; R%‘%ﬁ“‘gﬁﬁg'ﬂatﬁdstprﬁﬂdaffo ﬁlﬁ'\gd% '@BSItHd'B@Pa%S- A similar
performed with the vessel 6 positioned vertically or )
aagtianecould dheapryfarmed witle henvesseh 6 Rsitianedneertieallsi giuary desired
7, one possible enbodi nent of the nenbrane nodul e

eamdlef maclidatioqui d backwash is illustrated. It will be
appreciated that a variety of backwash regi nes coul d

be emeﬁﬁr}gﬁrd Bidure 7 Bﬁswsgmléisﬁ%anﬁgnt éﬁhEirﬁé‘m%{Jr%e module

the nodul e S positione n vessel 6 having an inle

oI g it Moefiagh 'Rt pE TR Bkl ot g variety of

e e R T R

the nodule 7 through output perneate |ine 27 connected

t o porln Biguend, berneduleddistppsitiangd inyesseldk haviRglamislet feed

30 is also connected to port 28 and backwash cont ai ner

3ink 22\ controlled by a valve 23 connected to port 24. An outlet drain line 25 is
also connected to port 24 and controlled by valve 26. The upper pot 15 is
arranged to withdraw permeate from the membranes in the module 7 through
output permeate line 27 connected to port 28 and controlled by valve 29.
Backwash line 30 is also connected to port 28 and backwash container 31. A
vent valve 32 is provided on the top of vessel 6 to vent air during filling and
draining of the vessel.

In use, the arrangement operates in a similar manner to the embodiment
illustrated in Figure 1. Feed liquid is fed into the closed vessel 6 through feed
line 22 and open valve 23. Valve 26 remains closed. Vent valve 32 remains
open until the vessel is filled. Permeate is withdrawn under a siphoning effect
through permeate line 27 and open valve 29. When a liquid backwash is

required, valves 23 and 29 are closed and valves 26 and 32 opened. This

results in liquid being drained from the vessel 6 through drain line 25 and



vent valve 32 is provided on the top of vessel 6 to
vent air during filling and draining of the vessel. In

WQIs@6/0t45¢0 ar r angenment operates in a simlar naPCEAUR®6/000039
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the enbodinent illustrated in Figure 1. Feed liquid is
fed into the cl osed vessel 6 tz{ough feed line 22 and
open val ve 23. Valve 26 renmins'closed. Vent valve 32

remgi ns,open until the vessel is filled. Perneate is
WPRTRYARRTRRGEINanGT 3hRingOrmeack reugh bl 26end the
line 27 and open valve 29. When a liquid backwash is
ragmhrage lympne gindsr ainosithesicepressiwed Apatt frahvibe Bhial liquid
and 32 opened. This results in liquid being drained

f baskwdsh wsisg permieaty, thhrrdngémeht naiy2isabehapididdiovide a
fromcontainer 3 1 being drawn back through the port

ool eI Shp S RS RS DR PG o

t r d.to provide a.chemc
EBELRAETEE colRnd 2GS oEabReh Larulog S Blecer
?é_ents aret provided fromthe container 3 1 which may
r%?ged'ﬂﬁ'?l'cont ai ner or a bl adder arrangenent. Figure

8 shows a graph of changes in transmenbrane pressure
( T™VP) | Figune: 8 shews|aogiapperi ebabges ity transmesditane préssyre (TMP),
i ndex (FFI) over tine. It illustrates the increase in

Thtratarfow,quaroteability ang éeefduilihgtivdenFHI) bvertiref | BWustrates the
rate with increased fouling of the nenbranes.

Fintreave v TIVER BAR irélictRM ﬁw%érﬁféa%hmghg lgilltﬁ;cegﬁgv rate with

;rprrbranes, TMP is reduced agd per

RSB RS Rl ReRBT b Eoanng o
h hod . b f d

e B BE5S - THE isdadbion 260 PRiRBHH S AN AT Erdta avorte

mschanigal drive.
increased.

It will be apparent to those in the art that the mechanical agitation steps of
the method can be performed manually and/or be automated by the addition of
an appropriate form of mechanical drive.

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.



It will be appreciated that further enbodi nents and
exenplifications of the invention are possible w thout

waoelepantismy fromthe spirit or scope of the i nvREL/AT2006/000039
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descri bed. CLAi M5: 1. A nethod of cleaning a perneable

hol | ow nenbrane in an arrangenggt of the type wherein

a pressure differential is applféd across the wall of

t he permeabl e hol | ow nenbrane imersed in a liquid
sGbHdMSion, said Iiquid suspension being applied to

the outer surface of the perneable holl ow nenbrane to

i AducA naethogiaftciéaning latpeartrieable holtaygmemeranenibramarrangement of
wal | wherein: (a) some of the |iquid suspension passes

t tHeotypb Whsrelted lpredsurd diffsrsitia e applistbadioagnhe infallasf the
claritied liquid or perneate fromthe holl ow nmenbrane

'r peRflea 8hdliB rﬁbrﬂb?é‘ﬁ% gﬁﬁig\fvsé%f int A fqsadudpepsien, said liquid

tained on or in _the_ _rrerr_brane or ot _hervvl se as
S W [
SARRIREh BRbhalh o fhé Phtersfifas M BRIt low
of : (i) producing chanj c itation, between the .
nmsrsta)ﬁ@e&ﬁaﬂ Yge ang; sy agu@l&saﬁ@m ovaﬂa*ﬂ%mﬁmﬂraaﬁwa" wherein:
| east sone of the retained solids. 2. A nethod
accor (B)ng t someafrihe lighier stispenpionmassed thigtighdbe wall of the

renmovi ng, at l|least partially, liquid fromthe feed

si de of thenfemnibraardoief diaevresiflas clatiicdrigiuider péeneate from the
produci ng the nechanical agitation. 3. A nethod

accor di ng t AofidRinfrhb¥HY IBhder, BRgmechani cal agi tation
i s produced by noving the nmenbrane relative to the

LT qui g,)SuspPERRI-ANs Gihe \dthe K6fidPare retained on or in the hollow

membrane or otherwise as suspended solids within the liquid

surrounding the membrane,
the method of cleaning comprising the steps of:

(i) producing mechanical agitation between the membrane and the liquid
suspension to dislodge at least some of the retained solids.

2. A method according to claim 1 wherein the method includes removing, at
least partially, liquid from the feed side of the membrane before and/or during
the step of producing the mechanical agitation.
3. A method according to claim 1 wherein the mechanical agitation is
produced by moving the membrane relative to the liquid suspension or vice
versa.
4. A method according to claim 3 wherein the liquid suspension is held in a
vessel and the agitation is produced by moving the vessel and the liquid

suspension therein relative to the membrane or vice versa.



4. A method according to claim3 wherein the liquid
suspension is held in a vessel and the agitation is

w@e@dnts®w by nmoving the vessel and the |iquid PCT/AU2006/000039
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suspension therein relative to the nenbrane or vice

versa.5. A nmethod according to,¢claim3 or claim4

wherei n said novenent incl ude's1%ne or nore of the

follow ng types of novenent: rotation, |ateral .
nBvenBrinethirgagcardiagite claimiher ¢laisg 8 whereik saig movement includes
novenment. 6. A method according to claim5 wherein the
none we more ©f dise fdlloating {ypes.of mnowdrheut: astation; laterabmovement
claim1 further including the step of a liquid

balekyashaxé of fie vedEl aaeking-mévéraehod according to

claim1 further including The step of a chem cal

Cé.eanéqg?tﬂépt%%oﬁﬂg Ec?@%ir‘d? \é}gfef’edl‘sf Itrfé?m&gﬁgé?gﬂé Ps&llat’é‘)‘][y.

net ho eani ng al ne omt rrace o

per peabl e hol | o nbr ane, used iLn, a.nmenbrane I
TPt Arnenod oaflindis Gatd LhBes It RuRS B R ofp auio
nmechani cal agitati on between the nenbrane and liquid
i Paciyash efifberaembEane.i s i mersed to disl odge at | east
some of the retained solids. 10. A nethod according to
cB8.ai mM\Inethedeicnotdirg teeclaimiicfurthaginciidiog the stapoafia eldemical
by noving the nenbrane relative to the liquid or vice

veleaning 1of thé\nigth Bietheasding dim@aﬁiﬁ%@bahm 10 wherein the
liquidis held in a vessel and the agitation is

P§.0dUL SHti¥d rmiéﬁag\mﬁﬁetaméa%nag Fohithd é@’gé_ic%A&Pn%pEtrQeable

relative to the ane or Vvice versa.
SNSRI BCE R NIRRT —
GhroRHE NGRS Ehar G ROR PoBHasR T1a SISTDABEIRM LUid In which the
according to claim12 wherein the novenent is
onembraneisjimmersed to dislodge at least some of the retained solids.

10. A method according to claim 9 wherein the mechanical agitation is
produced by moving the membrane relative to the liquid or vice versa.

11. A method according to claim 10 wherein the liquid is held in a vessel and
the agitation is produced by moving the vessel and the liquid therein relative to
the membrane or vice versa.

12. A method according to claim 10 or claim 11 wherein said movement
includes one or more of the following types of movement: rotation, lateral
movement along an axis of the vessel, rocking movement.

13. A method according to claim 12 wherein the movement is oscillatory.

14. A method according to claim 9 further including the step of a liquid
backwash of the membrane.

15. A method according to claim 9 further including the step of a chemical

cleaning of the membrane using a cleaning agent.



14. A nmethod according to claim9 further including
the step of a |iquid backwash of the nenbrane. 15. A

woredohodsaccording to claim9 further includi ngP€TaUS106/000039

10

15

20

of a chem cal cleaning of the nenbrane using a
cl eani ng agent. 16. A nmethod of %reatl ng a liquid
suspension to renove particulz al%-material usi ng one or
m)re er meabl e hol | ow nenbranes, the nethod incl uding:
a&ﬁn sthag of tisating arliguid sespenaiomto MW parisulaie Insaterial
of the per meabl e hol | ow menbranes inmersed in a liquid
susipg wsiewr, meikE permeapkile hsliopensmbranss, tie arthod thduding:
the outer surface of the perneable holl ow nmenbranes to

i nduc@)and apisiyiaiga f)ie's%[nﬁi dﬁféréd‘tfa‘l’é@i‘bstsﬁﬁe WRITR! G1Be permeable
wal I s wherein: (1) sone of i quid suspension

R RAE e D EJ‘“ﬁ“éq*%‘f& ﬁ},?f" %@%eﬁ?@“%r om§?{?‘*mﬁﬁ? Plgffehsion
TEdRh 2pucd Wi o S\‘Jgfa%eepé G BIFIE PRl dhpgbrangs to induce
menbranes or otherw se as suspended solids within the

|anflisustaliy filatien Hyoual themenabiese wallsrehereihie pressure

differential is produced by wi thdrawi ng |iquid under

force @ greomeyftheliquidesuspensioh pessss tHridugh thetwadld of the
according to claim 16 wherein the |iquid suspension is

contai ned imetithRsSth bEdsaln affthd dlarified and%rwﬁ@a@élfrom the
is fed into the vessel under force of gravity such

t hat pressqqcﬁld\,@n%prpd Rd |thFea,{daed side of the

menbranes by gravity eed 0 iquid into the vessel.

19, AP B B B b Bt RATERE: Rl BV o
hol I ow rrenbr{oelllg(\a/vsmetrrllqbiarqeeé g?gﬂ'lnerll\%/lls%désn guspended solids within the
liquid surrounding the membranes;

wherein the pressure differential is produced by withdrawing liquid under force of
gravity from the fibre lumens.
17. A method according to claim 16 wherein the liquid suspension is contained
in a closed vessel and the liquid suspension is fed into the vessel under force of
gravity such that pressure is applied on the feed side of the membranes by
gravity feed of liquid into the vessel.
18. A method of treating a liquid suspension to remove particulate material
using one or more permeable hollow membranes, the method including:

(a) applying a pressure differential across the walls of the permeable,
hollow membranes immersed in a liquid suspension, said liquid suspension

being applied to the outer surface of the permeable hollow membranes to induce

and sustain filtration through the membrane walls wherein:



(a) applying a pressure differential across the walls
of the perneable, hollow nenbranes imersed in a

WO p@paiodissuspensi on, said |iquid suspensi on bei PGI/AU2006/000039
applied to the outer surface of the perneable holl ow
menbranes to induce and sustaip_ filtration through the
menbrane walls wherein: (i) soO of the liquid
suspensi on passes through the walls of the nenbranes
to be @ annsene chéhe fiquitisusgensiquipgisses faoughittee iwalimof the
the hol |l ow nenbrane lunens, and (ii) at |east sone of
the parti cuinembremésto be drawn efffcagelgrified fiquidrortgsimeate from the
hol | ow nenbranes, or otherw se as suspended solids

Wi thin the hol FheththraPeNginBlst H§g menbr anes; wherein
the liquid suspension I's contalned in an open vessel

and t pre ' tihak: i 0 I phoni n
T qui ) FonRast sinhe 8F % btk bRAT, b dRMSToPh the
treating a |iQquid suspension to renove particyl at, o

> materi al usﬁ'%g’“bﬁ@r%?'%ﬁﬁﬁ’eor@bﬁﬁ'ﬂﬁ?@s %ﬂﬂﬁ@&@i@wghmthe
the nethod including: (a) applying a pressure
di f f er ent i diquit pegeURtBgVAE Merabranes; per neabl e hol | ow
menbranes imersed in a liquid suspension, said |liquid
suisgreitsinenlichid sgspansior i cantained dniberopair Vessel ahd the pressure
per neabl e hol | ow nmenbranes to i nduce and sustain

fdifféreatiaio prod@skthby BRNWSRIFY R 3 the'ehfirBne Qlijﬁ\e\'\f..s

some of the |iquid suspension passes through the wa

A9, t e niGRADY ?f‘tgrl?naﬁirﬁ%Qﬁigﬁ[og%v%r@frr]}%iﬁtocﬂeﬂ%\@ ﬁéjrgiﬁglgr% ﬂ}aterial

or perneate rane lunens

0 o oF R e b S e
fnl;ﬁ»g gﬂ:g; Saorjdlﬁﬁg Ve\zli ;;rlgisgurtehd(aifférie%l’cjigldagr%rs; ?#en Svia?lg otf I’:ﬁe permeable
hollow membranes immersed in a liquid suspension, said liquid suspension
being applied to the outer surface of the permeable hollow membranes to induce
and sustain filtration through the membrane walls wherein:

15 (i) some of the liquid suspension passes through the walls of the
membranes to be drawn off as clarified liquid or permeate from the
hollow membrane lumens, and

(ii) at least some of the particulate material is retained on or in the
hollow membranes, or otherwise as suspended solids within the

20 liquid surrounding the membranes;

(b)  suspending said filtration;

(¢)  producing mechanical agitation between the membranes and the
liquid suspension to dislodge at least some of the retained particulate material;

(d)  removing liquid containing dislodged particulate material;

25 (e)  recommencing said filtration. ~



(b) suspending said filtration; (c) producing
nmechani cal agitati on between the nenbranes and the

WO p@paiodissuspensi on to di sl odge at | east sone OPCT/AB2006/000039
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retai ned particulate material; (d) renmoving |iquid

cont ai ni ng di sl odged particulate material; (e)

recomrencing said filtrati on. 200 -A net hod accor di ng to
claim19 wherein the nethod includes the step of

r 2dovAmgethat dasasding 4o tlaiml 49 whergin the mathod endwdes the step of
side of the nmenbrane before and/or during the step of

Prevdodnggattibastwartialy, siglidfebinahe d8ed 8ide ofAheehd@Brane before
according to claim19 wherein the nechanical agitation

. . cal h
| SndloPEURRE ﬂbé/_sfo@rg)%ﬂ"&o_ bang&némgnﬂﬁtﬁggmm the

1 qui d suspensi or vice Versa. 22.

aggor gi cl ai neref n [ qQui ' .

2 nef ] ieBLdhd 1 R EnbTn e RRERRApn i

novi the vessel and the |liquid suspension therejn ,

r BIOSUCEE bydnewBg Hghemarae %T%ye\ﬁert g liquigl sygpepsiser vice
according to claim4 wherein said novenent includes

o¥Rrs8r nore of the foll ow ng types of novenent:

rotation, lateral novenent along an axis of the

VB2seh metholiavgording e olaim 2. wherait taslliquid asudpegsidn is held in a
claim 23 wherein the novenent is oscillatory. 25. A

Npddietl aAg &9 AgRatidrPisdraditdd bl wid\iRg thé st RadttAe liquid
step of a |liquid backwash of the nmenbrane. 26. A

TR ERTASR AR AR B lahrs, L,

e oA BT s st slm b hArels SagBRumeBt ncefes one or

: %@?e \g?t%reegolrllov%in%r t?/;sﬁglsJ ro? mdc;vfe];%aerngc:n rt'c)itgtliori,sl’atgggllri\gger%grrlto glgng an

axis of the vessel, rocking movement.

24. A method according to claim 23 wherein the movement is oscillatory.

25. A method according to claim 19 further including the step of a liquid

backwash of the membrane.

26. A method according to claim 19 further including the step of a chemical

cleaning of the membrane using a cleaning agent.

27. Afiltration system including a permeable hollow membrane in an

arrangement of the type wherein a pressure differential is applied across the

wall of the permeable hollow membrane immersed in a liquid suspension, said

liquid suspension being applied to the outer surface of the permeable hollow

membrane to induce and sustain filtration through the membrane wall wherein:
(a) some of the liquid suspension passes through the wall of the

membrane to be drawn off as clarified liquid or permeate from the

hollow membrane lumen, and



wal | of the perneable holl ow nmenbrane i Mmersed in a
i quid suspension, said |iquid suspension being

wappbiagie o the outer surface of the perneabl eP¢IADZONG6/000039
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menbrane to induce and sustain filtration through the
menbrane wal |l wherein: (a) so of the liquid

suspensi on passes through the wal'l of the nenbrane to
be drawn off as clarified liquid or pernmeate fromthe
hol | ofb)nenbehieast seme of dnel sblidsard keiained emeoran thedollow
solids are retained on or in the hollow nmenbrane or

ot herw se amesisiapedgbtioiwises asisuspendde solidpvithin the liquid
surroundi ng the nmenbrane, wherein the systemi ncl udes

means for ckgaginding e WRsHbaMR, | ncl udi ng neans for

i nhh :
produci ng nmechani caP agi tation between the nenbrane

Rl bt Y5 By RS Bt o RS S o8 8o means
T S e s e A
liquid suspension or vice versa. 29. Afiltration

sgusransiot iy disleggemtdeastmors ahibedetpined seljds.em

i ncludes a vessel for holding the liquid suspension

ang. t Adiltagtidrasystemi scoordidy e dldim 2whegein tive yesteinicah dgitation
the liquid therein relative to the nenbrane or vice

VR{eths iRBudés Mddnsabl AbvipiRMBATIRERE Pllatife € N fd

or claim?29 wherein said novenent i ncludes one or nore

?r%%éean%ﬁﬁ% {DPWCQQ/ePé’aQ.eS of novenent: rotation, |ateral

allong an axis of the vessel, rocking
ste to clai

e ety PR STo BT BRGRS RO 1 s o
L{é!@,gg?tfciaﬁgplé%zttﬁgn Iigﬁ%osrudsjpg%sito% aCrllda’lhrg azg%ta\?fg)ﬁrise ip?ogidqc%d by moving
the vessel and the liquid therein relative to the membrane or vice versa.
30. A filtration system according to claim 28 or claim 29 wherein said
movement includes one or more of the following types of movement: rotation,
lateral movement along an axis of the vessel, rocking movement.
31. A filtration system according to claim 30 wherein the movement is
oscillatory.
32. A filtration system according to claim 29 wherein the vessel and/or
membrane are fixed about an axis and said movement is relative to said axis.
33. A membrane filtration system including one or more permeable, hollow
membranes immersed in a liquid and means for cleaning from the surface of a
permeable hollow membranes at least some of solids retained thereon during
filtration, wherein said cleaning means includes means for producing mechanical

agitation between the membrane and liquid in which the membranes are

immersed to dislodge at least some of the retained solids.



menbrane are fi xed about an axis and said npvenent is
relative to said axis. 33. A nenbrane filtration

wa@ymbemsincl udi ng one or nore perneabl e, hol | ORCT/AU2006/000039
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menbranes imersed in a liquid and neans for cleaning
fromthe surface of a perneabl e holl ow nenbranes at

| east some of solids retained- #1&ereon during

filtration, wherein said cleaning neans includes neans

f 34. pAditnatiorysystemeadaoading do cheimd38 Wwheree the heechanical agitation
menbrane and liquid in which the nenbranes are

| meansadcllges nsdardder flovipthe merdrahe tdlativetainreiuid
solids.34. Afiltration systemaccording to claim 33

\A&%ﬁéﬁ},_idmsrﬁggﬁ% ical agitation nmeans includes neans

for moving t rane relative to the liquid

SHSPERSOL: O _ Vi versa. 35 . A filtrati.o st.em .

B0 BT wese FoRflae &8 rifin 4 YoBIdif e ¥iaiBl ipoludes a
vessel far hpldin? the |iquid suspensiqn and the .
ayrpesel falding tha liguld BispepsioR@ntiReagidiondsgradiced by moving
liquid therein relative to the nenbrane or vice versa.
3the vessel andthehiquid dhensirlalivé totheoneimbranear viceolensan
35 wherein said novenent includes one or nore of the

f86. omfiltpatiornpeystemn aoeoedingto claiinad4d onclainBsnaherein said
nmovenent al ong an axis of the vessel, rocking

gigl\b%ﬁférr_t incfude bhé bF Adredf Wéﬁ%&p‘éggg ntlAé\/e%éﬁﬂ?‘rotation,

wherein the novenent 1s oscill
fi [ t [ [ ' he
Vel oS B LERPIT B % Fefed Being e Bt
sai d venent is relatiye to said axjs. .39. A .
ng( 1 rgwtawwsiﬁm@&&er nade £@Ig| W}]Q"P'%Fh%mvﬁ%ej‘t S
wher ei n sai d mechani cal agitation neans includes notor
descillafoneans. 40. Apparatus for treating a |iquid
suspension to renove particulate material therefrom
u38.ngA dilteatiom systemescordibg ¢o blalim @8 whetwirttes vesded and/or
appar at us
membrane are fixed about an axis and said movement is relative to said axis.
39. Afiltration system according to claim 27 or claim 33 wherein said
mechanical agitation means includes motor driven means.
40. Apparatus for treating a liquid suspension to remove particulate material
therefrom using one or more permeable hollow membranes, the apparatus
including:
(a) means for applying a pressure differential across the walls of the
permeable hollow membranes immersed in a liquid suspension, said liquid
suspension being applied to the outer surface of the permeable hollow

membranes to induce and sustain filtration through the membrane walls

wherein:



i ncluding: (a) nmeans for applying a pressure
differential across the walls of the perneable holl ow

woreewboases i mersed in a |iquid suspension, saPdr/AUznes/4do00039
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suspensi on being applied to the outer surface of the

per meabl e hol | ow nmenbranes to i nduce and sustain
filtration through the nmembr ant9 wal | s wherein: (i) sone

of the liquid suspension passes through the walls of

t he nefior anssmeofitlee Hquidrsuspénsion glasses tlraugh diné evadls of the
pernmeate fromthe holl ow nenbrane |lunmens, and (ii) at

| east some gfenidianeaté beWrakR ofds Eladtied fiqhietdH prttheite from the
or in the holl ow nmenbranes or otherw se as suspended

sol i ds V\nthh&l&\,@ﬁ]%m&lgn@| méhgug,% ng the nenbranes;

wherein the neans tor app ying a pressure di fferential

oravi 10 11 ol BRat 1P HErEeulFtd %aisﬁéﬁqif%%ﬂ*&%ﬁ or i the

according to claim40 further including a clo
vessel for Relamambrangs qr|0§1LIEPW%QJ§§:§H§PW%GS@°W&‘N§W“ the

for feeding the liquid suspension into the vessel
under f or celigyfid gueroungingithe mérabranesssure i s appli ed
on the feed side of the nmenbranes by gravity feed of

| whéreth tHe melane fuespslying42predsped diffeseritizt inolides ineans for
claim40 further incl ud| ng means for producing

Ilq% Suih@ﬁiglt%ﬁe?go I sl dge at gg:flagﬁle of :Eg
(L AR A ALyt 9BOG 4 Pk ool o
rraterl al thheref om usi

reaniringsthe o ng%q& an |mlRﬁr}§g{or réeding s qug suspension

into the vessel under force of gravity such that pressure is applied on the feed
side of the membranes by gravity feed of liquid into the vessel.

42. Apparatus according to claim 40 further including means for producing
mechanical agitation between the membranes and the liquid suspension to
dislodge at least some of the retained particulate material.

43. Apparatus for treating a liquid suspension to remove particulate material
therefrom using one or more permeable hollow membranes, the apparatus
including:

(a) means for applying a pressure differential across the walls of the
permeable, hollow membranes immersed in a liquid suspension contained in an
open vessel, said liquid suspension being applied to the outer surface of the
permeable hollow membranes to induce and sustain filtration through the

membrane walls wherein:



(a) means for applying a pressure differential across
the walls of the perneable, hollow nenbranes i mersed

WO pooa/oF45¢ui d suspensi on contained i n an open VRGEaL2006/000039
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said liquid suspension being applied to the outer

surface of the perneabl e holl ow nmenbranes to induce

and sustain filtration throughz@he menbrane wal |l s

wherein: (i) some of the |liquid suspension passes

t hr ougfl) t hesoriel &f the liguid suspensioppassesshugirthefwallssof the
clarified liquid or perneate fromthe holl ow nmenbrane

| umens, andmeémbraatslte detdraanefbis theifipdliguibbrpermeate from the
material is retained on or in the hollow nmenbranes, or

ot herwi se agofdis ResHBFArALERsWaRGI N the liquid

surroundi ng the nmenbranes; whereln the neans for

o phoritg 1 REERBYFFR oS FaisAlark ekt Tated 8h or in the
POaC ) BB b e oot b gTontin ne
menbranes and the |iquid suspension to dislodge at

| east sone bauid serogndingdhepaembeanesie material . 45. A

nmet hod of treating a |liquid suspension to renove

paherain s meaamsdor applginga presgutedifieaéntial thahuded aieantJor
further including the step of producing nmechani cal

agiphahihgMiqbRt EENthehfeMbieRgserld the liquid

suspension to dislodge at |east sone of the retained

PRt KB ALESBEESHRg to claim 43 further including means for producing
mechanical agitation between the membranes and the liquid suspension to
dislodge at least some of the retained particulate material.

45. A method of treating a liquid suspension to remove particulate material
according to claim 16 or claim 18 further including the step of producing

mechanical agitation between the membranes and the liquid suspension to

dislodge at least some of the retained particulate material.



