-1- FILTRATI ON SYSTEM TECHNI CAL FI ELD The present
invention relates to nenbrane filtration systens, and
nore particularly, to a sinple, low cost filtration
system whi ch may be used in renote, underdevel oped
regions of the world or in |ocations where nornal

i nfrastructure has been damaged or destroyed by a
natural or man-made disaster. BACKGROUND OF THE

I NVENTI ON I n many areas of devel opi ng countries, clean

drinking water is ﬁﬁ?{ ' x§l for the nore

renote regions el egﬂl‘i 6%8 t ailable. In such

regions the use of expensive, energy intensive water
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N'%'—oﬁ'%t ens is inpractical. Filtration systens
enpl oyi ng porous nenbranes have been in use for many
yeal Be present inventine selatgsstognembsane filiratippaystenes, and more
equi pnent and conpl ex punping, valve and cl eani ng

paiticLiRny, tolhsimpipeionecost filtsatidn gystgmsthith ecaybe used in
| arge-scal e systemis enployed servicing a |arge
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d,cost filtration systemwhich can deliver high quality
I§A5%%ki ng water on a small or linited scale such as a
single farm house or a small rural village. -2-

BACKGROUND OF THE INVENTION

In many areas of developing countries, clean drinking water is a
scarcity. Also for the more remote regions electricity is not available. In
such regions the use of expensive, energy intensive water filtration systems
is impractical. 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.



DI SCLOSURE OF THE | NVENTI ON The present invention
seeks to overcone or aneliorate at |east one of the
di sadvant ages of the prior art, or to provide a useful
alternative. According to one aspect, the present

i nvention provides a nethod of cleaning a perneable,
hol | ow nenbrane in an arrangenent of the type wherein
a pressure differential isapplied across the wall of
t he perneabl e, hollow nmenbrane imersed in a liquid

P [ [ L Qi spension being applied to
D%ﬁ—@ﬁ@@?ﬁﬁgél“%ﬂ@ﬁer nmeabl e hol | ow nenbrane to
i nduce and sustain filtration through the nenbrane
wal | Théenpriesent invantien seeks (o prercomgi o Anelrals alepatanasof
through the wall of the nenbrane to be drawn off as
theldisadviaathdesmpfitde priopartyreatoeprovisie a usefuhslte¢roativenbr ane
l umen, and (b) at |east sone of the solids are

r et JAdRAIAG to Ohel dbpett) ehd presuit invention peovides bmetvod ef
as suspended solids within the liquid surrounding the
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produci ig mechani cal agitation between theée
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met hod further includes renoving, at |east rtially,
halloylmemirane IMmersean & figddspRESIRBnBR 3 aulsksuspension
beggg /ag;)ﬁ$troi Q%équr gtﬁr?eri)ceogft :aop%lﬂr%ieggle ﬁ(?lﬁ)wnﬁl%t:ﬁgria%g Ito
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

(b)  atleast some of the solids are retained on, or in, the hollow
membrane or otherwise as suspended solids within the liquid
surrounding the membranes,

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, and

wherein the method further 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
provi des a nmethod of cleaning retained solids fromthe
surface of the perneable hollow nenbrane used in a
menbrane filtration systemincluding the step of
produci ng nmechani cal agitation between the nmenbrane
and liquid in which the nenbrane is imersed to

di sl odge at | east sonme of the retained solids. For
preference, the nechanical agitation is produced by

novi the nmenbrane relative to the liguid or vice
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may be open or closed to atnosphere. In such
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the vessel and the liquid therein relative to the

meetirape eusedrin va ceendirane  fBtratiomosystamt inchelingidbei stepr of
alia, rotation, |ateral novenent along an axis of the

proaitieRlg Mmedhanichloaditdibn beweEANthe ristnbrane @At liuid in which
preferably oscillatory. The cl eaning nmethod may be
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per neabl e, hol |l ow nenbranes imersed in a |iquid

thelsgieiioh onay Baiptoducedi iy mowvireethe vessolkeand thepliduic therein

the outer surface of the perneable hollow nenbranes
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erein:
alia, rotation, lateral movement along an axis of the vessel and/or rocking

movement. The movement is preferably oscillatory.

The cleaning method may be supplemented by use of a liquid
backwash and/or chemical cleaning of the membranes using appropriate
cleaning agents.

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:

(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:



-4- (i) sone of the liquid suspension passes through
the walls of the nenbranes to be drawn off as
clarified liquid or perneate from the holl ow nmenbrane
| unmens, and (ii) at |east sone of the particul ate
material is retained on or in the hollow nenbranes or
ot herwi se as suspended solids within the Iliquid
surroundi ng the nenbranes;_w@erein the pressure
differential is produced by w thdrawi ng |iquid under
force of gravity fromthe fibre |lunens. In aone for f
thi stihet neemerdhe figtineUspepsintirarsralpuch s welledt fie
a cl osed vessel and the liquid suspension fed into, the
vessel unt@mbrangs tepe djawniafias clafified fauid s permeatesfrom
applied on the feed side of the nenbranes by gravity
feed of | theuhalownmembranedwsehsard! or suction is
applied to the nmenbrane |unmens by gravity flow
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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.
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:
(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:



(i) some of the liquid suspension passes through the
wal I s of the nenbranes to be drawn off as clarified
liquid or perneate from the holl ow nenbrane | unens,
and (ii) at least sone of the particulate material is
retained on or in the hollow nenbranes or otherw se
as suspended solids within the 1liquid surrounding the
menbranes; wherein the |iqud suspension is contained
in an open vessel and the ™ressure differential is

produced by siphonjng. liquid.fromthe nenbrane
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one or nore perneable, hollow nmenbranes, the nethod

i ncl udi ngthe(rlloapmeybrgne lymess wena di f ferenti al across

the wall's of the perneable, hollow nenbranes inmersed

in giih | QUsIleaSISIIIAE bPthe SartiBulateikiatieridl is ptamiedrbrbe inghe
applied to the outer surface of the perneable holl ow

menbr i . . . _ /
e e, PG A08H o7 hidHRe 4 LigidroR it he
suspensi h the, walls of the nmenbranes

to be dr W@gﬁﬁ%}‘%ﬁ?ﬁ? METPSSy or perneate from

the hol | ow nmenbrane |unens, and (ii) at |east me of
wherginthe liquid stspergien i8a¢0nt§'nﬁét'%iaﬁézp%hv%§sefﬁ”i? ﬁ"@

hol | ow nenbranes or otherw se as suspended solids
presshiendifferential iguirddeced by siphogingliuie fromathesmembrane
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:

(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:

(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

liquid surrounding the membranes;



-6- (b) suspending said filtration; (c) producing
nmechani cal agitati on between the nenbranes and the
liquid suspension to dislodge at | east sonme of the
retained particulate material; (d) renoving liquid
cont ai ni ng di sl odged particulate material; (e)
recomrencing said filtration, and wherein the nethod
further includes the step _oé_rem)vi ng, at | east
partially, liquid fromthe feed side of the nmenbrane
before and/or during the step of producing the
meci®ani caPUSRGNAN df';llf?é'qnmventi on includes, in other
aspects, apparatus for performng the various nethods
des(®)i bedproBRCiAG MESiERIical agitatipn bevesmianasmiranes agd
enbodi nents of the invention will now be descri bed,

by v ligafd suspypisiorotol gislodge lat texfst someeofttherétained
acconmpanyi ng drawi ngs in which: Figure 1 shows a

si npAkitiiaek faigiqect i onal el evation view of one

enbodi nent of a filtration nodule according to the
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nodul e according to the invention, Figure 3 shows a
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anot her arrangenment for producing nmechani cal
liagd fram the fekdtdide bf thermembmane befare 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;



-7- Figure 5 shows a sinplified side elevation of

anot her arrangenent for produci ng nechani cal agitation
of the filtration nodule; Figure 6 shows a sinplified
si de el evation of another arrangenent for producing
mechani cal agitation of the filtration nodule; Figure
7 shows a sinplified side elevation of a further

enbodi ment of the filtration nodule according to the
i nvention; Figure 8 shows a graph of transmenbrane

pressure, rmeabi it flowrate a ed foulin
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menbr ane nodul e according to one enbodi ment of the
progvising machameacritatiomQf ghre PifRHoRRETS WRBODI MENTS
Referring to Figure 1, the filtration device 5
conpFigass 6 shopasna eimglified: side ledevatiea Iarﬁ)ﬂhmvamgement for
filtration nodule 7 fitted with a filtrate cup 8
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menfbrane Rgodité aesordiiy toe@hé emibodimentndfrtas énventiens
through the filtrate cup 8. Filtrate is drawn fromthe

cup 8
DESCRIPTION OF PREFERRED EMBODIMENTS

Referring to Figure 1, the filtration device 5§ comprises a open-ended
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 filtration 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



-8- and out through hose 10 into the externa
container 11 under atnospheric pressure. Additiona
suction pressure can be applied to the nenbrane by
addi ng a suction device to the filtrate Iine. The
advantage is that the differential pressure across
the nmenbrane is limted to the atnospheric pressure
and hence excessive foulingof the nenbrane can be
avoi ded. The nenbrane at the bottom of the nodul e is
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(not shown) in the bottom pot 12 fa(il|lt e cl eanin
presskies Adsitioral sctien eressUe Cap ke anRlieA o t n?%wapsﬂ%y
reduces due to fouling of the nenbrane. Due to the
adding prassion devivertatthe filtegte fine. fTihetaduantageisdbatiie t he
foulant fornmed on the filtrate side of the nenbrane is
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rrechanl cal agitation used for cleaning the nmenbranes

?ufeagffﬁnhén&é‘mssﬂfe for%{)@ o‘MHé?l'?\eMBrbné Raf BECAVIISY.

the present enbodi ment, which uses an open
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i nner nmenbranes, holes in the |ower pot 12 assist in
openingsi{ma shgimnain the bottasn giot A daeililate ch@@mnsrpfdbfem@dule
t he plungi ng operation. Another formof agitation nay
7be to apply gas pressure to produce

Over time, the filtration flow rate reduces due to fouling of the
membrane. Due to the low-pressure operation of the filtration process, the
foulant formed on the filtrate side of the membrane is easily removed
through mechanical agitation.

The mechanical agitation used for cleaning the membranes can take
a number of forms which will be described later.

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.



bubbles to agitate the nenbrane through the holes in
the lower pot 12. -9- Alternatively, if the nenbrane
nodule 7 is lying horizontally, then the gas can be
applied along the Iength of the nodule. After
agitation, the tube vessel 6 is enptied of
concentrated |liquid containing the dislodged
impurities and refilled. Enptying of the quuid may
be done by pouring the Iqu|d fromthe vessel
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gendln on the feed liquid, it may require

cajy eéeelx%a@gwgttaﬁl@agthaf%@%/m@u l&and fill cycles to
recover the filtration flow rate. On conpletion of
cl eakfteragitationnthettubaoessel 8 is empfied of eorcantiate bagidd
hose 10 are prinmed with water to reinitiate

cdrithinirdf therdislbtiged impusties\andirefiflatl o mptying/dicthe ligbiel may
filtration nodule is inverted to that described in
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pen or closed tubular vessel
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the end cap can be sealed and a vent valve installed
andfithcycles teradongr the filtigtion flewrgte. FeBEOMpPlptiemeticleaning
through the nodule 7 by a positive head pressure on
thehmefdeahd mpdute 7, fittdie cup@landrieseutGa pfiraed mithavater to
across the menbrane can be applied through siphoning
reitiateiltratidrd. at € hose 10. The nodule 7 is located in a
filtrate cup 8 which is sealed therein by o-rings 9.

G egfglitd 5 sAb&s & LribbdimdM WHete the fiflrdtiBR module is inverted
to that described in respect of the embodiment of Figure 1. Feed liquid is
fed to either an open or closed tubular vessel 6. In the embodiment
illustrated, the tubular vessel 6 is closed with a feed connection 13 on the
screwed end cap 14. For a closed vessel 6, the vessel 6 must be primed
before sealing the end cap 14. Alternatively, the end cap can be sealed and
a vent valve installed to allow venting during priming. Feed is pushed
through the module 7 by a positive head pressure on the feed liquid.
Additional pressure differential across the membrane can be applied through
siphoning of the filtrate hose 10. The module 7 is located in a filtrate cup 8
which is sealed therein by o-rings 9. Clean filtrate exits the module 7 via the

filtrate cup 8 through a hose 10 and is collected in a container 11. As in the



filtrate cup 8 through a hose 10 and is collected in a
container 11. As in the -10- configuration illustrated
in Figure 1, holes in the top end 15 of the nodule 7
assist in the cleaning operation. The advantage of the
cl osed vessel is that additional pressure using a
header tank or any other pressure-boosting device can
be placed across the nenbygne to provide a higher
filtration flow. Simlar to enbodi nent of Figure 1,
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The nodule 7 maybe renoved from the tubul ar vessel 6
asgifd intheagleanipg aperationsi t hin t he vessel 6 and the

entire assenbly agitated to | oosen the foulant. If
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After agitation the vessel
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flowate. It is advantageous to continue nechani cal
madileat maybe uemoeyed firom theptupulas viesselfeane slaaned ordeft
conpl etion of cleaning, the tubular vessel 6 and

witiid the véssul € giid thedentire laskemblydagitatee tolacisandhe foulant. If
filtration. Figures 3 to 6 illustrate various
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agitated. It wll be appreciated t he met hods

ddrle With tY 6554 8 at least partially filled with liquid. Where a closed

vessel is used, the liquid within the vessel is desirably partially removed to

allow the liquid to be agitated relative to the membranes.

After agitation the vessel 6 is again emptied of concentrated liquid
containing dislodged impurities and refilled. Depending on the feed water, it
may require successive agitation, drain and fill cycles to recover the filtration
flowrate. It is advantageous to continue mechanical agitation during the
emptying of the vessel 6. On completion of cleaning, the tubular vessel 6
and module 7 are primed with liquid to reinitiate filtration.

Figures 3 to 6 illustrate various embodiments of how the module may
be mechanically agitated. It will be appreciated the methods illustrated are

not exhaustive and a variety of mechanical agitation methods can be

employed without departing from the scope of the invention described.



not exhaustive and a variety of nechanical agitation
nmet hods can be enployed w thout departing fromthe
scope of the invention described. -11- Figure 3 shows
a closed vessel 6 where the nodule 7 is agitated
within the vessel by rotating the nodule 7 using an
external t-shaped handle 19 connected to the nodul e
7. The nmodule 7 is normal Lyqrotated in an oscillatory
fashlon as illustrated. Alternatively, the vesse
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can be used. Fins or the |ike sho
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the liquid therein. Asimlar action could be
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any desired angle of inclination. Figure 4 shows an
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20 to allow the vessel 6 to be rocked to and fro about
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any desired angle of inclination. Referring to Figure
angle ofiinclinatiornl e enbodi ment of the menbrane

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.

Figure 5 shows a similar arrangement to Figure 4 where the vessel 6
is mounted on a cradle 21 to allow the vessel 6 to be rocked to and fro about
a central lateral axis.

Figure 6 shows an arrangement where the vessel 6 is placed in a
horizontal position and oscillated to and fro along its longitudinal axis. A
similar action could be performed with the vessel 6 positioned vertically or
any desired angle of inclination.

Referring to Figure 7, one possible embodiment of the membrane
module employing a liquid backwash is illustrated. It will be appreciated that
a variety of backwash regimes could be employed with the invention

described.



nodul e enploying a liquid backwash is illustrated. It
w Il be appreciated that a variety of backwash

regi mes could be enployed with the invention
described. -12- In Figure 7, the nodule 7 is
positioned in vessel 6 having an inlet feed |ine 22
controlled by a valve 23 connected to port 24. An
outlet drain line 25 is akso connected to port 24 and
controlled by valve 26. The upper pot 15 is arranged
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28 and controll ed val ve 29. Backwash Ilq q;}
ling 22 cepiveliad ‘é‘datV@"@o?:i Comnagiad kaBRlicad Al gHilak drain e 25
A vent valve 32 is provided on the top of vessel 6 to
is\atsu cannecteditd port 24| drichepriraliedrbyi velvey 261 Theeuppespot 15 is
In use, the arrangenent operates in a simlar manner
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liquidis fed into the closed vessel 6 through feed
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in liquid being drained fromthe vessel 6 through
duting filling apd 2Eaining efibrweseelf r om cont ai ner 31 bei ng

drawn back through the port 28 and the nenbrane

| unelnusen they aghngsnbet operptessiale similaApanner t@the he
usual |iquid backwash using perneate, the arrangenent

ergggglgg%rﬁg{%@rlaﬁm F:guﬂi PV Fdedaiquirigifeainte thadlodeanessel
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 backwash from container 31 being drawn back
through the port 28 and the membrane lumens under atmospheric pressure.
Apart from the usual liquid backwash using permeate, the arrangement may
also be used to provide a chemical clean where appropriate level of
chemical cleaning agents are provided from the container 31 which may be
an open container or a bladder arrangement.

Figure 8 shows a graph of changes in transmembrane pressure

(TMP), filtrate flow, permeability and feed fouling index (FF1) over time. It



chem cal cl eaning agents are provided fromthe
container 31 which nay be an open container or a

bl adder arrangenent. Figure 8 shows a graph of changes
in transmenbrane pressure (TWMP), filtrate flow,
pernmeability and feed fouling index (FFI) overtine. It
-13- illustrates the increase in TWMP and reduction in
permeability and filtrate _fd rate with increased
fouling of the nmenbranes. I‘jglol owi ng nechani cal
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will b_e apparent to those in the art that the
rate ovitthineegasegifodlingaf thetraprbsanas - oHaviag meghapical
performed manual |y and/ or be automated by the
agitatian cleanihgaof the mepbiaats, ThiFhisobdueethand parmeability. and
It will be appreciated that further enbodi nents and

filpseeRbwirafincdssedf the invention are possible
wi t hout departing fromthe spirit or scope of the
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treating a suspension to renove partl cul
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pressure differential I os the IIs of the
agdifinp 25 PE ARArPRARIRIAHR shie BYén a Iiquid

suspension, said liquid suspen5|on bei ng applied to

t heltovill be apprecigtedahat fusthes embaslimentst andiexeraplificatiess of

to induce and sustain filtration through the nenbrane
theainlvention are possible without departing from the spirit or scope of the

invention described.



wherein: (i) sone of the liquid suspension passes
through the walls of the nenbranes to be drawn off as
clarified liquid or perneate from the holl ow nmenbrane
| unmens, and (ii) at |east sone of the particul ate
material is retained on or in the hollow nenbranes or
ot herwi se as suspended solids within the Iliquid
surroundi ng the nenbranes; Wpereln the pressure
differential is produced by wi t hdrawi ng |iquid under
CLg@@g_pf gravity fromthe fibre |lunens. 2. A nethod
di ng to claim1 wherein the |iquid suspension is
contained in a closed vessel and the liquid suspension
1i s Aduethedefitreatingssliquid sHaRensien teresmovs aarticylate material
that pressure is applied on the feed side of the
usiagtonenasmbie perméadble heldowanhembeaneas, the methed inshuising:
3. Anethod of treating a liquid suspension to renove

par fa)cul ah n_EpImNg@é brdssubs tiffer@ftial acroserthe wedligesdtithe
hol I ow nenbranes, the nethod including: -15- (a)
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passes through the walls of the nenbranes to be drawn
woefeias clarified liquid or perneate from
(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
liquid surrounding the membranes;
wherein the pressure differential is produced by withdrawing liquid under
force of gravity from the fibre lumens.
2. A method according to claim 1 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.

3. A method of treating a liquid suspension to remove particulate material

using one or more permeable hollow membranes, the method including:



the hol |l ow nenbrane lunens, and (ii) at |east sone of
the particulate material is retained on or in the

hol | ow nenbranes, or otherw se as suspended solids
within the liquid surrounding the nenbranes; wherein
the liquid suspension is contained in an open vesse
and the pressure differential is produced by

si phoning liquid fromthe _nmgnbrane |unens. 4.
Apparatus for treating a lidquid suspension to renove

particulate material therefrqomusin ne or re
per(@abl c2PRIVINGR H@ﬁ?f‘%aﬁar@ gl agias rtﬁ? M@?lﬁr?gtlghu%i ng:
(a) means for applying a pressure differential across,
permeeatie) kollow membrasesimpiessemhin alinwe mysanssion,saig digyid
in a liquid suspension, said liquid suspension being

s@pdrisigh being pplied ¢o truobtec sudace betheeperswabie holldww
menbranes to i nduce and sustain filtration through the
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suspensi on passes through the walls of the nenbranes
wbgréfﬁ drawn off as clarified liquid or perneate from
e hol | ow menbrane lunmens, and (ii) at |east some of

t he rticulate materi,al 1s retain '
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within the 1liquid surrounding the n ranes; wher ei
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i ncl udes neans for
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 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.

4. 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:



wi thdrawi ng liquid under force of gravity fromthe
fibre lunmens. 5. Apparatus according to claim4
further including a closed vessel for containing the
l'iquid suspension and neans for feeding the liquid
suspension into the vessel under force of gravity such
that pressure is applied on the feed side of the
menbranes by gravity feed_qfgliquid into the vessel.
6. Apparatus according to claim4 further including

renbiinc<salng o fos Py °‘%Egééﬁhaa%hé%rgaeﬁﬁi%@%“zﬁﬁ"e

| east some of the retained particul ate materi al

Appar at usmesibraneate g dsawn gl 3 SlagHet YA qr@err%\%%ffom
particulate material therefromusing one or nore

per neabl ethedhdliow mentbranedymehs, argbpar at us i ncl udi ng:
(a) nmeans for applying a pressure differential across

t he (4?' | saibast $6me of aphticulaté hatenalid retaired omer hetie
in aliquid suspension contained in an open vessel,
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or otherw se as suspended solids wthin
5.  Apparatus according to claim 4 further including a closed vessel for
containing the liquid suspension and means for feeding the liquid
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.
6. Apparatus according to claim 4 further including means for producing
mechanical agitation between the membranes and the liquid suspension to
dislodge at least some of the retained particulate material.
7. 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



the liquid surrounding the nmenbranes; wherein the
means for applying a pressure differential includes
nmeans for siphoning liquid fromthe nmenbrane | unens.
8. Apparatus according to claim7 further including
means for producing nechanical agitation between the
menbranes and the |iquid suspension to dislodge at

| east some of the retainedagqrticulate material. 9. A

nmet hod of treating a |iquid suspension to renove
cecording, to clai.m?2 or

particul ate, materi al | ai.m 3
oligF shircs ALincrereable BRI Bretfbihss Ryddnecand pisiin
agitation between the nenbranes and the Iiquid
filtratior thypugah the manbrgagavalls waerginisone of the ret ai ned
particul ate materi al .
(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 means for applying a pressure differential includes means for
siphoning liquid from the membrane lumens.
8. Apparatus according to claim 7 further including means for producing
mechanical agitation between the membranes and the liquid suspension to
dislodge at least some of the retained particulate material.
9. A method of treating a liquid suspension to remove particulate material
according to claim 2 or claim 3 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.



