1 FILTRATION 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 di sastqgre. BACKGROUND OF THE

I NVENTI ON I n many areas of devel opi ng countries, clean
drinking water is a scarcity. Also for the nore

renote regions el ecFILTRAYION SX8TEMai |l able. In such
regions the use of expensive, energy intensive water

T@dHNmAmeWQt ens is inpractical. Filtration systens
enpl oyi ng porous nenbranes have been in use for many
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communi ty. poor er devel opi ng countries and/or in
reraais; @nd@mve&p;ed/\mms efdba avariskoiin lgeatiansawkerggrormal
possi bl e and ready access to electricity is limted
infrastrantuze iesdreien ddraaged sr desteeybd by amaturghloe mdrmmade
cost filtration systemwhich can deliver high quality
didekfdei ng water on a snmall or limted scale such as a
single farm house or a small rural village. DI SCLOSURE
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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.

DISCLOSURE OF THE INVENTION



2 The present invention seeks to overcone or
aneliorate at |east one of the di sadvantages of the
prior art, or to provide a useful alternative.
According to one aspect, the present invention

provi des a nethod of cleaning a perneable, hollow
menbrane in an arrangenent of the type wherein a
pressure differential is appld ed across the wall of
t he perneable, hollow nmenbrane imersed in a liquid
suspension, said liquid suspension being applied to
the Thépresantiimigntion ddeksiorovesdtme lop ahwlioratetutdeastione of
|nduce and sustain filtration through the nmenbrane
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C'&?“E\Qs%@ﬁﬂ@ﬁ”%‘@i *‘BQPWWH@W"Ial'h%”'ang%‘U?Pb‘Eftﬁg?ﬁlgp? he
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wbErein 2 pressurs differantinhisi appliedgcress the wall abthe peraeable,
menbrane and the |iquid suspension to dislodge at
hokag membranef infrhersedtinianizplid sospelsiom rshiddiguidisusparsion
nmet hod further includes renoving, at |east partially,
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in?lglcéaatn'doghste’r)lﬂ filtration through the membrane wall wherein:

(@) 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) at least 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 sone of the retained solids. For
preference, the nechanical agitation is produced by
noving the nmenbrane relative to the liquid or vice
ver saccdRiing tdlHh6thied abpett the praveint invention \peswdes whnethod
may be open or closed to atnosphere. In such
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pr es ot prefemricepthd Mmetkanisapagitdtidads produdduoly nfoving the
treating a |iquid suspension to renove particul ate
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menbranes to induce and sustain filtration through the
rejative tonthegembrane/s or vice versa. Such movement includes inter

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:

(@) 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



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 nmenbranes; wherein the pressure
differential is produced by w thdrawi ng |iquid under
force of gravity fromthe fibre [umens. In one form of
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a cl osed vessel and the liquid suspension fed into the
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appl'ied on the feed side of the nenbranes by gravity
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including: (a) applying a pressure differential across

the ypl | sapleashsompafiiaphrticutate ngaterahisretadsed omer gethe
in a liquid suspension, said liquid suspension being

appl i ed 1 fofid\g nidthBfaned’ drastReiisé B s@@Pgﬁaé& ol WRMinthe

menbranes to 1 nduce and sustain filtration through the
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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.

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



(i) some of the liquid suspension passes through the
wal l'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 |iqukd suspension is contained
in an open vessel and the pressure differential is
produced by siphoning liquid fromthe nenbrane
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Invention there is provided a nethod of treating a

whifihd suspension to renove particulate material using
one or nore perneable, hollow nenbranes, the method
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within t hf?quid 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:

(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



liquid surroundi ng the nenbranes; (b) suspending said
filtration; (c) produci ng nechanical agitation between
the nenbranes and the liquid suspension to dislodge
at | east sonme of the retained particulate material;
(d) removing liquid containing dislodged particul ate

material; (e) recomencing said filtration, and
wherein the method further ggncludes the step of
renoving, at least partially, liquid fromthe feed

side of the nenbrane before and/or during the step of
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wi Il now be .described wa of exanple only, with
referencelﬂgwgﬁ’ﬁéro gmgp%f‘ﬁéjbé??ﬁﬁ’ngs i n which:
Figure 1 shows a sinplified side sectional elevation

vi efPlof oRusrensting salkfilsatianit i | trati on nodul e
according to the invention; Figure 2 shows a

si md)i f i epradubingmechaniwial agitation ketweesthe membeanesdand
enmbodi nent of a filtration nodul e according to the
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el evati on of one arrangenent for produci ng nechani cal
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Si e el evation of another arrangenent for
(d) removing liquid containing dislodged particulate material;
(e) recommencing said filtration, and

wherein the method further 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;



produci ng nmechani cal agitation of the filtration
nmodul e; Figure 5 shows a sinplified side el evation of
anot her arrangenent for produci ng mechani ca
agitation of the filtration nodule; Figure 6 shows a
sinmplified side elevation of another arrangenent for
produci ng nechani cal agitation of the filtration
modul e; Figure 7 shows a simpdified side el evation of
a further enbodinment of the filtration nodule
according to the invention; Figure 8 shows a graph of
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feed fouling index (FFI) nmeasured over tine in respect
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filtration nodule 7 fitted with a filtfate cup 8,
peediiciRg meehgnicahagitationefdne dilraiandnRdulg; hose 10 is
connected at one end to the filtrate cup 8 and at its
ot heFigue & shoaws axgimplified sisiet elemation of ametber arrapgement for

nodul e is of the type described in our International

pRsduivig Migichiaaithl agitdtion ofBhediltraimomotialeever, it will
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the filtration module according to the invention;

Figure 8 shows a graph of transmembrane pressure, permeability,
flow rate and feed fouling index (FFI) measured over time in respect of a
membrane module according to one embodiment of the invention.
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,



menbrane | unens through the filtrate cup 8. Filtrate
is drawn fromthe cup 8 and out through hose 10 into
the external container 11 under atnospheric pressure.
Addi ti onal suction pressure can be applied to the
menbrane by adding a suction device to the filtrate
line. The advantage is that the differential pressure
across the menbrane is limiged to the atnospheric
pressure and hence excessive fouling of the nenbrane
can be avoi ded. The nenbrane at the bottom of the
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t hrough nechani cal agitation. The nmechani cal agl tation
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forms which will be described later. In the present

afdixedttirengh hoseclD ngethedextepe cortatitdr B, uadertattriosphéeric
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pressure and hence excessive fouling of the membrane can be avoided.

The membrane at the bottom of the module is blocked off from the
feed such that the filtrate and feed liquid remain physically separated. The
openings (not shown) in the bottom pot 12 facilitate cleaning of the module
7.

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



Anot her formof agitation may be to apply gas pressure
to produce bubbles to agitate the nenbrane through
the holes in the |ower pot 12. Alternatively, if the
menbrane nodule 7 is lying horizontally, then the gas
can be applied along the length of the nodule. After
agitation, the tube vessel 6 is enptied of
concentrated liquid contaiginng the dislodged
inmpurities and refilled. Enptying of the liquid may

be done by pouring the liquid fromthe vessel 6,
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/ or punping or siphoning liquid fromthe vessel.
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the plupgingperadigiire 2 shows an embodi nent where the
filtration nodule is inverted to that described in
r es pAobther forime of agitatioremaydfe i apply gas pressure ite grefyce
fed to either an open or closed tubular vessel 6. In
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differential across the nmenbrane can be applied
comtaining thesdislegigedgmpruritine andirefillads Rewdyi gof theeliGrid may

7 is located in a filtrate cup 8
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 the feed liquid, it may require successive agitation, emptying
and fill cycles to recover the filtration flow rate. On completion of cleaning
the membrane module 7, filtrate cup 8 and hose 10 are primed with water to
reinitiate filtration.

Figure 2 shows an embodiment where the filtration 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



which is sealed therein by o-rings 9. Cean filtrate
exits the nodule 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 nodule 7 assist in the cleaning
operation. The advantage of the closed vessel is that
addi ti onal pressure using agcheader tank or any ot her
pressur e-boosting device can be placed across the
menbrane to provide a higher filtration flow Simlar
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whichtis setleel theesie byiasridgs Br Abean fifrate sixity the modste 7 via the
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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 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



be nmechanically agitated. It wll be appreciated the
met hods illustrated are not exhaustive and a variety
of mechani cal agitation methods can be enployed

wi t hout departing fromthe scope of the invention
descri bed. Figure 3 shows a closed vessel 6 where the
nmodule 7 is agitated wthin the vessel by rotating
the nodule 7 using an exterqﬁl t-shaped handle 19
connected to the nodule 7. e nodule 7 is normally
rotated in an oscillatory fashion as illustrated.
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nodul e 7 renmai ns stationary or a conbination of both
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vessel 6 is nounted on a pivot 20 to allow the vessel
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axis. Figure 5 shows a sinmlar arrangenent to Figure 4
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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.

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.



Referring to Figure 7, one possible enbodi nent of the
menbrane nodul e enploying a liquid backwash is
illustrated. It will be appreciated that a variety of
backwash regi nes could be enployed with the invention
described. In Figure 7, the nodule 7 is positioned in
vessel 6 having an inlet feed line 22 controlled by a
val ve 23 connected to port . An outlet drain line 25
is also connected to port 24 and controll ed by val ve
26. The upper pot 15 is arranged to w thdraw perneate
fr O'TFk{l‘ge PESHUVI8A drfangBfem WHeRe thé DESIK]IB isiaded in a
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apisesirad @angle efiseknation. in Figure 1. Feed liquid is fed
into the closed vessel 6 through feed |ine 22 and
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line 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



al so be used to provide a chem cal clean where
appropriate level of chem cal cleaning agents are
provi ded fromthe container 31 which nay be an open
contai ner or a bladder arrangenent. Figure 8 shows a
graph of changes in transnenbrane pressure (TWP),
filtrate flow, perneability and feed fouling index
(FFI') over time. It illustystes the increase in TWP
and reduction in perneability and filtrate flow rate
with increased fouling of the nenbranes. Foll ow ng
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cl eani ng a perneabl e hol |l ow nenbrane in an

chémiday ersaningragénite dry peovitiéd fiom thepc@itaimee 31 which may be
differential is applied across the wall of the
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('HQH filtvr\Qteerfﬁ)iva:permeability and feed fouling index (FFI) over _time. It
illustrates the increase in TMP and reduction in permeability and filtrate flow
rate with increased fouling of the membranes. Following mechanical
agitation cleaning of the membranes, TMP is reduced and permeability and
filtrate flow rate 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.



(a) sonme of the liquid suspension passes through the
wal | of the nenbrane to be drawn off as clarified
liquid or perneate from the holl ow nenbrane | unen,
and (b) at |east sonme of the solids are retained on or
in the hollow nenbrane or otherw se as suspended
solids within the liquid surrounding the nenbrane,
the nmet hod of cleaning congdising the steps of: (i)
produci ng nmechani cal agitation between the nmenbrane

and the |Iliquid suspension to dislodge at |east sone
CbAIM&e retained solids, and wherein the method
further includes renoving, at |least partially, liquid

1.f r dméthed of eldasimiea permbabledrdiioanmebdirane irman/ or
during the step of producing the nechani cal

arpghdethbRtof thE type wherih Bgstesswrerdiifeential islapplied across the
wherei n the nmechanical agitation is produced by
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Vi C od according to claim?2
wherein the liqguid suspensjon is. held.] I d
sdfdage ispRarel g SRRERT S P stiacedrch odnd PR el
liquid suspension therein relatjive to th% menbr.ane or
hellovemeaibyane 40 indueeranshisystaip fHiration threygh thememkrage wall
3 wherein said novenent includes one or nore of the
whedeirowi ng types of novenent: rotation, |ateral
novenent along an axis of the vessel, rocking
mov@arent . 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) at least some of the solids are 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,
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.



5. A nethod according to claim4 wherein the novenent
is oscillatory. 6. A nethod according to claiml
further including the step of a liquid backwash of
the menbrane. 7. A nethod according to claiml further
including the step of a chemcal cleaning of the
menbr ane using a cl eaning agent. 8. A nethod of
treating a liquid suspensiofseto remove particul ate
material using one or nore perneable holl ow

menbr anes, the nmethod including: (a) applying a

2pr eAsHeModi ddcerding ité blantr owhetdis théhiethahicah&gitation is
per meabl e hol | ow nmenbranes imersed in a liquid
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vtro i nduce and sustain filtration through the nenbrane
@&Pt s wherein: 16 (i) some of the |iquid suspension

passes through the walls of the nmenpranes to he dr .
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menbrane lunmens, and (ii) at |east sone of the
apesselaridthe agitationas praduceddiynmoving tbe viesseland the! liasid
menbr anes, or otherw se as suspended solids within
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said filtration; (c) producing nmechanical agitation
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in'c]:'f’btdeersi oaHé or more of the following types of movement: rotation, lateral
movement along an axis of the vessel, rocking movement.
5. A method according to claim 4 wherein the movement is oscillatory.
6. A method according to claim 1 further including the step of a liquid
backwash of the membrane.
7. A method according to claim 1 further including the step of a chemicall
cleaning of the membrane using a cleaning agent.
8. 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:



(d) renmoving liquid containing dislodged particul ate

material; (e) recomencing said filtration, and
wherein the nmethod further includes the step of
renovi ng, at least partially, liquid fromthe feed

side of the nenbrane before and/or during the step of
produci ng the nmechanical agitation. 9. A nethod
according to claim8 whereiqgt he mechani cal agitation
is produced by noving the nenbrane relative to the
l'iquid suspension or vice versa. 10. A nethod

acco(jfi ngsbmecdfahaliguidsispensiongpdssesitirotighithe walls of the
held 1n a vessel and the agitation is produced by
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met hod acgor di to ¢l ai %\Bhe n said rmvement
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to claim11l wherein the novenent is oscillatory 13.
A et hod holiaw dnergbranesi af pihenvisetassuspendediseljds mathin
step of a liquid backwash of the nenbrane. 14. A

met hod actwy kifuid sufroahdingntBe imembeanesncl udi ng the step
of a chemcal cleaning of the nenbrane using a

cl eﬁgﬁgg?egﬂ%nmﬂ%aﬁ fiirbfigrat i on systemincluding a

per mbrane in an arrangement of the
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the hqmclil susgeunS on %o 8|slodge at least some of the retained particulate
material;

(d)  removing liquid containing dislodged particulate material;

(e) recommencing said filtration, and
wherein the method further 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.
9. A method according to claim 8 wherein the mechanical agitation is
produced by moving the membrane relative to the liquid suspension or vice
versa.
10. A method according to claim 8 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.



contained in a vessel, said |iquid suspension being
applied to the outer surface of the perneable holl ow
menbrane to induce and sustain filtration through the
menbrane wall wherein: (a) some of the liquid
suspensi on passes through the wall of the nenbrane to
be drawn off as clarified liquid or perneate from the
hol | ow nenbrane | unen, and {$) at |east some of the
solids are retained on or in the hollow nenbrane or
ot herw se as suspended solids within the liquid

19Ur pomeeHdtbaddirdimgtorciim 10ibierein saitemyeheantimsldestesne
nmeans for cleaning the nmenbrane including neans for
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t he re ed SO|IdS nd means for renoving,
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t he vessel before and/ or %\UI‘I F roduc
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according to claim15 wherein the mechanl caI
1agi Pametodactdingdd wirien Sfurtherfincludingithg stereofe figvidne
relative to the |I|iquid suspension or vice versa. 17.

backwash of thementhraneaccording to claim 16 wherein the
agitation is produced by noving the vessel and the
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versa. 18. ation system according to claim1
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15. A filtration system including a permeable hollow membrane in an

oscnllatory.

arrangement of the type wherein a pressure differential is applied across the
wall of the permeable hollow membrane immersed in a liquid suspension
contained in a vessel, said liquid suspension being appliéd 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

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

wherein the system includes means for cleaning the membrane including

means for producing mechanical agitation between the membrane and the



rotation, |lateral novenent along an axis of the
vessel, rocking novenent. 19. Afiltration system
according to claim18 wherein the novenent is
oscillatory. 20. Afiltration systemaccording to
claim18 or claim 19 wherein the vessel and/or
menbrane are fixed about an axis and said novenent is
relative to said axis. 21.qgk menbrane filtration
system i ncl udi ng one or nore perneable, hollow
menbranes inmmersed in a liquid contained in a vessel

liguiid srmegéﬁsibﬁ Ito disiedye atlehsbsornBof thi fetaimedfsolids and means
per meabl e hol | ow nmenbranes at | east sone of solids
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t he vessel before and/or during the produci ng of
agitaticanineans ingjudes meansfor maving theanembrans relative to the
according to claim21 wherein the nechanica

liqgd saspensioranvidenarsdes neans for noving the menbrane
relative to the |liquid suspension or vice versa. 23.
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18. A filtration system according to claim 16 or claim 17 wherein said
movement includes one or more of the following types of movement:
rotation, lateral movement along an axis of the vessel, rocking movement.
19. A filtration system according to claim 18 wherein the movement is
oscillatory.

20. A filtration system according to claim 18 or claim 19 wherein the vessel
and/or membrane are fixed about an axis and said movement is relative to
said axis.

21. A membrane filtration system including one or more permeable, hollow
membranes immersed in a liquid contained in a vessel 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



novenent includes one or nore of the follow ng types
of novenent: rotation, |ateral novenent along an axis
of the vessel, rocking novenent. 25. Afiltration
system according to claim?24 wherein the novenent is
oscillatory. 26. Afiltration systemaccording to
cl aim 23 wherein the vessel and/or nenbrane are fixed
about an axis and said noveqgent is relative to said
axis. 27. Afiltration systemaccording to claim 15 or
claim 21 wherein said nechanical agitation nmeans
ahd tiquiden WHIEIR thel frierstraniés 2se immersed to dislodge at least some:
of the retained solids and means for removing, at least partially, the liquid
contained in the vessel before and/or during the producing of mechanical

agitation.

22. A filtration system according to claim 21 wherein the mechanical
agitation means includes means for moving the membrane relative to the
liguid suspension or vice versa.

23. Afiltration system according to claim 22 wherein the agitation is
produced by moving the vessel and the liquid therein relative to the
membrane or vice versa.

24. Afiltration system according to claim 22 or claim 23 wherein said
movement includes one or more of the following types of movement:
rotation, lateral movement along an axis of the vessel, rocking movement.
25. A filtration system according to claim 24 wherein the movement is
oscillatory.

26. A filtration system according to claim 23 wherein the vessel and/or
membrane are fixed about an axis and said movement is relative to said
axis.

27. Afiltration system according to claim 15 or claim 21 wherein said

mechanical agitation means includes motor driven means.



