- 1 - Low Pressure Backwash TECHNI CAL FI ELD The
present invention relates to nenbrane filtration
systens and nore particularly to nmethods and systens
for backwashi ng such systens. BACKGROUND OF THE

I NVENTI ON Backwashi ng of- renbrane filtration
systens is inportant part of maintaining the operating

ef ficiency of such sywtFeaSsur® Bagkweish of different
nmet hods and arrangenents are used. Porous nenbrane

Hd A LAt ens require regul ar backwashi ng of the
e RcAl Fi

intain filtration efficiency and fl ux
whi | e reduci ng transnmenbrane pressure (TMP ich
e TheproRen e TR s o STBRIARS AN MiPS ag more.
Typically, during the backwash cycle, the foulant is
ipantisLdarty foomethessandsyatemsyopbagiavashirgl syels systeasi d
or both into the feed tank or cell. The liquid

BACTKGROIGNDQEITHE éNVENTIONosits from t he nenbranes
is then drained or flushed fromthe tank. Further
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the surface of the nenbranes with gas bubbl es.
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is desirable to reduce the conplexity and expense of_ .
sequire mgularhackwashing efighe saembrangsdounginigin filipation efficiency
I NVENTI ON It is an object of the present

ianddhixi whilet redocimgdoansroembranie pressurea(TMBhwhichnrisesf as the

t he di sadvantages of the prior art, or to provide a

wisthbland hedonadd foriled @AtRNsIPDEtiES. Tpgicaipeliringfthe backwash
present invention provides an inproved nethod of

:ngg}“ﬁ?;ﬁgﬂ?arg ié_@?@é\%ﬂﬁff&“ thedhbRBraYS b§ Préutriskaidas, Aduid or
both into the feed tank or cell. The liquid containing impurities and deposits from
the membranes is then drafned or flushed from the tank. Further cleaning of the
membranes may be provided by scouring the surface of the membranes with
gas bubbles.

Many of these systems require complex and expensive ancillary equipment
to provide the necessary flow to liquid and/or gas to achieve efficient cleaning. In
areas which require low capital and operating costs it is desirable to reduce the
complexity and expense of ancillary backwash equipment.

DISCLOSURE OF THE INVENTION
It is an object of the present invention 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 an improved

method of backwashing a membrane filtration system comprising at least one



per meabl e hol | ow menbrane, the nmethod conprising the
step of applying a | ow pressure gas to the perneate
remaining present in the systemwhen the filtration
process i s stopped or suspended to provide liquid for
backwashi ng the pores of the +&enbrane during a
backwashi ng process. Accordi ng to anot her aspect
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solids froma l|iquid suspension conprising:
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i nduce and sustain filtration through the nenbrane

e membraneiduringa bagiasiing REOAES§ui d suspensi on

passes through the walls of the nmenbranes to be drawn

of f Ascprlimgta andthenaspectiibé poasent invemtion|provides aamethod of
(b) at least some of the solids are retained on or in

flﬁ@nrﬁ@bblmmﬁ’fﬁmd suspendien sbapridginguspended sol i ds
within the liquid surroundi ng the nenbranes,
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solids retained on or in the hollow menbranes.

Aod sugtain filtcatian dbrasghdbpaaembrane wals whereinvent i on

provi des a nethod of filtering solids froma liquid
suspf)si onsomesoffthetliqaid suspepsicarpassesthsiugl: the walls of the
(i)providing a pressure differential across the walls

of per neabhfsmbiines'o AR 48 pefteatd fra:w tﬂe hollow
suspensi on applied to the inner surface of
membrane lumens, and
(b) at least some of the solids are retained on or in the hollow
membranes or otherwise as suspended solids within the liquid
surrounding the membranes,

(i) periodically backwashing the membrane pores using the permeate
remaining within the lumens by applying low pressure gas at a pressure below
the bubble point of the membrane to said liquid permeate to displace at least
some of the liquid permeate within the lumens through the membrane pores
resulting in removal of the soiids retained on or in the hollow membranes.

According to another aspect, the present invention provides a method of
filtering solids from a liquid suspension in a filtration system comprising:

(i) providing a pressure differential across the walls of permeable,

hollow membranes having a liquid suspension applied to the inner surface of the



- 3 - perneabl e hollow nenbranes to i nduce and sustain
filtration through the nenbrane walls wherein: (a)
some of the |iquid suspension passes through the walls
of the nmenbranes to be drawn off as perneate fromthe
outer surface of said nenbranes,- and (b) at |east sone
of the solids are retained on-or in the hollow -

NBEPREHBES hellow mdthbidiRs® indsRease dustalr Afratibh Mhdughthe

nenbr anes, (ii) stopping or suspending the
fil j Qs 8m: (iii) periodically
bg‘gtﬁmtgéh‘?g’ga%he nérr?brane pores using the perneate

remai hing in the stem,after the suspepsion of th

E1r@ i on See os MU fusresian passes tueion thewals ofthe
pressure bel ow the bubbl e point of the nenbrane to

sai d | i qui dnpeianesta be drawn sffaspermeaate frosnthe putersurface of
l'iquid pernmeate through the nmenbrane pores resulting

in renoval sHid nfembraneds andt ai ned on or in the hol | ow

menbr anes. Preferably, during the backwashing

step (be saatiléastaomé BFESblidatfre rBRinBY &n or GuitHé hollow
surroundi ng t he nenbranes. Preferably, perneate

remai ni ng | j j ' .
pi pi ng and @ﬁ@ﬁﬁ?ﬂﬁésa%?ﬁ‘ﬂo%%b%sidﬁnpghg%ﬂgtg?‘gﬁ'ﬁ{ fg1e
that in the rrertr)brane | unens as a source of backwash
l'iquid. Wi dPEM hSi ci ent perneat e vol ume for

backwash is avail able fromthese sources, a further
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flowcircuit to increase the amunt of perneate
avai | (#ipl e frariodicatiydsckwmasingrtheimemiransmpores using the permeate
suspended. Where a nunber of the nmenbrane nodul es are
ueeathiningdn tensysienh afterthetsedpéension ohthd filtrdtibnprocess by applying
distributing feed and renovi ng perneate, the | ow
a low pressure gas at a pressure below the bubble point of the membrane to
said Ifquid permeate to displace at least some of the liquid permeate through the
membrane pores resulting in removal of the solids retained on or in the hollow
membranes.

Preferably, during the backwashing step the solids are removed into the
bulk liquid surrounding the membranes.

Preferably, permeate remaining in ancillaries such as manifolds, headers,
piping and the like may also be used in addition to that in the membrane lumens
as a source of backwash liquid. Where insufficient permeate volume for
backwash is available from these sources, a further chamber or reservoir may
be provided in the permeate flow circuit to increase the amount of permeate
available for backwashing when filtration is suspended.

Where a number of the membrane modules are used in a bank and

connected to a manifold for distributing feed and removing permeate, the low



- 4 - pressure gas may be introduced into the manifold
of the bank of nodules so that the perneate in the
mani fold can also be utilized for backwash. In the
case of a filtration process where perneate is taken
from both ends of the nenbrane4 nodul e, the gas pushed
backwash can be selected to apply to the either end
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plurality of permeable, hollow menbranes within the

veedide; the gas pyshiead) balavashresn be seleatasitoanty &3 theeeither end
differential across walls of said nenbranes such that
spieobthetrhembrane chotludes 108 ite botheersdssat theaayhe tite, depending on
wal | s. of 1/4 the nenbranes to be drawn off as

RIS iSment. (iv) neans for w thdraw ng perneate

from the nmenbranes; and (v) nmeans for applying
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through the nmenbrane walls to_dislodge ang/ sol i ds
retailbed t [Reyesse! ifeontaipingsaid W'?’éﬁ'ﬁ%ﬂ 1Bl ids into
the liquid suspension surroundi ng the nenbranes.

For (fiilef er enplaralithef penngahis shollowymenbrapes withinithevessel;
one or nore gas pressure pul ses. Preferably, the

| ow- RiiipS S Ulnedistor providirigdeprdssars diffecatitia aofosgasallssfdaid
to aerate the nenbranes, for exanple, a | ow pressure

éiWﬁFan oiuo'i’\rtﬁé?ét?lﬂ%%f tﬁ%‘ ﬁg@é%u@?@ﬁﬁk’lh a‘%@és Bfrough the walls.of
egu

ate control essure-limting .

Qﬁé/ mambranes to be drawn off as permeate;

(iv) means for withdrawing permeate from the membranes; and

(v) means for applying low pressure gas at a pressure below the
bubble point of the membrane to the liquid permeate within the system and the
membrane lumens to cause a discharge of at least some of the liquid permeate
in the lumens through the membrane walls to dislodge any solids retained
therein and displace the removed solids into the liquid suspension surrounding
the membranes.

For preference, the low-pressure gas is provided by one or more gas
pressure pulses. Preferably, the low-pressure gas is provided from a source of
gas used to aerate the membranes, for example, a low-pressure blower. For
preference, the gas pressure may be regulated by a control valve or pressure-

limiting device.



- 5 - Preferably, the I owpressure gas is enployed to
push the remai ni ng perneate through the nenbrane pores
duri ng backwashi ng of the menbranes. Preferably,

the pressure of the gas applied to the perneate shoul d
be |l ess than the bubbl e point-®f the nmenbrane so that

the gas cannot penetrate into nenbrane pores.
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the pressure pul se or | ses are proyided by isolati
the Pacleranychgrossiraitiradas panenls Mrogipaaiasoutibe less

step while applying | ow pressure gas to both the feed .
dnah ther bukble poind of the membrapatscdhat thepgas enat ipgeetrate into
feed and perneate sides of the nenbranes, then opening
invembeste pores. of the nmenbranes to atnosphere resulting
in a depressurisation of the feed side and the

appl i ' e srebSuievangeroredbet 30kPa t
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of menbrane surfaces by flow ng gas bubbl es _gaé% t,heI .
menb F@n referanseethe pressure pulse or pulses are provided by iso ating the

feed side of the membranes during the backwash step while applying low
pressure gas to both the feed and permeate sides of the membranes to
pressurize the feed and permeate sides of the membranes, then opening the
feed side of the membranes to atmosphere resulting in a depressurisation of the
feed side and the application of a pulse of pressure to the permeate side of the
membranes.

A general backwash procedure using the improved method may involve a
number or all of the following steps.

Filtering-down of feed level within the feed vessel using aeration gas or
other low-pressure gas sources,

Scouring of membrane surfaces by flowing gas bubbles past the
membrane surfaces;

Backwashing the membrane pores by flowing permeate remaining present
in the system in a reverse direction to the normal filtration flow through the
membrane pores by applying a low pressure gas continuously or in a pulsed

fashion to the permeate;



Sackwashi ng the nenbrane pores by flow ng perneate
remai ni ng present in the systemin a reverse direction
to the normal filtration flow through the nenbrane
pores by applying a |ow pressure gas continuously or
in a pulsed fashion to the pergeate; - 6 -

Di schargi ng of backwash waste by sweep, drain-down or
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enbodi nents of the invention will now be descri
Vay cﬁef@mwsén@mbyanwwe? Srentipg gasop § Sifneats Side dnd
acconpanyi ng drawi ngs i n which: Figure 1 shows a

gesyhing féttaehemat i c of a nmenbrane nodul e arrangenent
according to one enbodi nent of the present invention;

BRIEFEDESORIAT IONIDETHE HRAWINGS son of | ow pressure
backwash to a standard hi gh-pressure backwash by
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elf(aﬁlepﬁe oﬁﬂ/, with reference to the accompanying drawings in which:

Figure 1 shows a simplified schematic of a membrane module
arrangement according to one embodiment of the present invention;

Figure 2 shows a graphical comparison of low-pressure backwash to a
standard high-pressure backwash by comparing the membrane resistance
changes over time;

Figure 3 shows a snapshot of the multiple backwash pulses; and

Figure 4 shows a graphical comparison of multiple pulsed low pressure
backwash to a low pressure backwash by comparing the membrang resistance
changes over time.

DESCRIPTION OF PREFERRED EMBODIMENTS

Referring to Figure 1, the hollow fibre membrane module 5 js mounted in a
pressure vessel 6 and the filtration flow is from the shell side into the fibre
lumens 7. The module 5 is connected to upper and lower permeate outlets 8
and 9, respectively. When the filtration process is suspended for a cleaning
cycle, the lumens 7 remain filled with permeate.

Feed is supplied to the vessel 6 through an inlet port 10 adjacent the lower

end of the module 5 through a non-return valve NRV1. Low-pressure blower

gas, typically air, is supplied to the inlet port 10 through a non-return valve NRV2



Figure 4 shows a graphical conparison of multiple

pul sed | ow pressure backwash to a | ow pressure
backwash by conparing the nenbrane resi stance changes
over time. DESCRI PTI ON OF PREFERRED EMBODI MENTS
Referring to Figure 1, the holjow fi bre nenbrane
nmodule 5 is nounted in a pressure vessel 6 and the.
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leﬂsmqa&'St\th@% %@ﬁhe AN m%tﬁjw HAeNs @Ow?‘ewpef and lower
adj acent the 1 ower end of the nodule 5 through a
headest 12 anddi3/andraspectivewppesand lowgranedulgermeate outlets 8
typically air, is supplied to the inlet port 10
amdeigThe WibRIrawh permeatefowiifzough a peraneditertine d4lcpntrolied by
operated control valve M1. Low pressure blower air is
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by valve AV1. The pressure vessel 6 is provided wth

an edmaostmetbed, gssnaruwdwab/etmwuﬁyéedémrﬁteﬁ@ fiateatak

5 and controll ed by a backwash rel ease val ve AV2. Two
peéssute acfodsotvepmembrare teadhiaed thealjquid baskeasim The yalve MV1
enbodi nent . In one nethod, a nmanual valve M1 is
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nbrane to achieve the |iquid backwash e valve W1
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of this nethod, the manual valve MVl is adjusted to
r edudre ohiadomm of fhis ssathed thetmansalefalves My isfadjusted to reduce the
menbrane nodule 5 within the vessel 6. Filtration is
tdivepressisedodnd shgll sidesofttie vaembranélnratid 8 whitkirs the vessel 6.
rel ease valve AV2 is opened. Low pressure air is
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period of 2 to 200 seconds, typically 45 seconds with

@anddht Thisilay-presatriecir ferces thenpermneats ligyicihspughnthegnembrane
of blower air through W1 and | ower inlet port 10.

pores from the permeate side to the feed side to produce a liquid backwash.
This liquid backwash is performed for a period of 2 to 200 seconds, typically 45
seconds with a continuing aeration of the module 5 by application of blower air

through MV1 and lower inlet port 10.



- 8 - Once the Iiquid backwash is conpleted, the
shell side of vessel 6 is swept with feed liquid to
renmove contam nants di sl odged during the backwash and
to further scour the outer surfaces of the nmenbranes
7. This sweep may be optionallg_-perforned with

conti nui ng aeratlon for a perlod -of 0. to 120 seconds,
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filtration. A second preferred method uses
leptionaliynpedoseed withrontingiagtaeratien fara periodief @ﬁ@é@ﬂ iseconds,
and to backwash the nmenbrane pores. In this method,

dysicaly, abbat koeebordsgrd thercwithouigaeration forma furtheripesibd of 0 to
backwash), the upper backwash valve AV2 is tenporarily

e it
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syeemadifiltiadonl ting in the shell side pressure dropping
rapidly and a relatively high negative transnmennbrane

pr es Asecdnd\pefernéd metieod gsege acvarkedsh frulseplal inerease the
repeated by sinply closing and openi ng upper backwash
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preferred pul sed net hod of backwash the systemi
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upper backwash val ve AV2 is opened. An aeration and

Imode frizaednyestiorsdurgtion $air isclargaly feleased forblower’'s pressure

| ow- pressure air for a period of 2 to 200 seconds,

trgRiagalviawe}0 Be®theshelsidieand peadeate sidé préssure builde up to the
previ ous nethod, |ow pressure air is applied to
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resu ting int perneate |iquid being
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shell side of the nodul e is t ssur.i zed b
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60 seconds, typically 5 seconds and running the bl ower
Tlisercaie be-repgatedcay. Simply closing and RPERINGWPPEE bagkwash valve
then opened to rapidly depressurise the vessel 6 while

V2 daHhg thé baskwash stadel IWhed thisakethed iswsed, the filtrate non-
| ow-pressure air. This stage is typically perforned
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t he backwash and to further sgour the outer surfaces
dnaxifuzethe praseurespulsgigeneidled- nay be optional |y
performed with continuing aeration for a period of 0
to 120 seconds, typically about 10 seconds and then

wi t hout aeration for a further period of 0 to 150
seconds, typically about 30 seconds. Once the backwash
and sweep/drain down are conpleted the systemis
returned to normal filtration. As descri bed
above, the pul se phase may be repeated by openi ng and



for 1-60 seconds foll owed by depressurisation phase
Wi th aeration and | ow pressure |iquid backwash for a

period of 1-150 seconds. A nunber of experinments
have been perforned to illustrate the effecti veness of
t he | ow pressure backwash. -9- Figure 2 shows a

graphi cal conpari son between a 30 - kPa | unen pressure
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backwash. n anot her test, a conparison o

I Li ' backwash nethod with a nornal
Bﬁﬁfgg?%@wg}%%ckmsh was perfornmed. Ten pul sed
backwash, operati ons were perforned foll owe ten
norn\éﬁtﬁ‘m Isrsuspgnded 20d R rgﬁgf‘ﬁ?ﬁ%ﬁg'.veﬁqégﬁwd' An
pres_sure(gul se was generally around 3-10 seconds. .
Betation ahdsliquid backwasihnatageda spem perfarmed withilpyrrressure air for a

pul sed backwash. Figure 4 shows the conparison

périod bf 21td 20pwevends oypicatly 4 0rsecbadé wAsidesgebed irorelation to the
with a normal | ow pressure backwash operation. It can

Eﬁa\ﬁél&ahbﬂ\oﬁf tow pres8ure &nes fapPlie & to pBAhesteavienia k@ afembrane

erformance of nultiple pul sed backwashes is better
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PHobet Thsfah D BT RPEe, o o B L0 R gonfashifBpL material from
spirit or scope of the invention described. CLAI M
the memhrane wallspdheshell vide &f themoghle 9iis thesy pregsurized by
system conprising at |east one perneabl e holl ow

olesingauppertbaskwashodveohRifel agpetind of tldp 65F seqanidgi tygically 5

| ow pressure gas, produced by a gas source used to

BeSoHdCaritf furining @ieiblowar 19dAdeathendrivdea Fhe tppdrtaackwash
perneate remai ning present in the filtration system

VA58 AP 0,8 AR oSOt s sl inuin
gg{a{tf&% aanéjl?qculfx\:{\%sélaiwr\}gsl? '\r/v?t?ﬁg\fr-pressure air. This stage is typically
performed for a period of 1-150 seconds.

Similar to the previous method, once the liquid backwash is completed, the
shell side of vessel 6 is swept ‘with feed liquid to remove contaminants dislodged
during the backwash and to further scour the outer surfaces of the membranes
7. This sweep may be optionally performed with continuing aeration for a period
of 0 to 120 seconds, typically about 10 seconds and then without aeration for a
further period of 0 to 150 seconds, typically about 30 seconds. Once the
backwash and sweep/drain down are completed the system is returned to
normal filtration.

As described above, the pulse phase may be repeated by‘opening and

closing the upper backwash valve AV2 a number of times, usually 1 to 4.

Typically, during each pulse phase, the shell side of the vessel 6 is pressurized



2. A nmethod according claim1l wherein the | ow pressure
gas is at a pressure bel ow the bubble point of the
menbrane. 3. A nethod according claim1l wherein the

| ow-pressure gas is at a pressure in the range of
about 30 kPa to about 150 kPajp-4. A nmethod according
-to claiml1 wherein the | owpressure gas i s provided by
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In another test, a comparison of the pulsed liquid backwash method with
a normal low-pressure backwash was performed. Ten pulsed backwash
operations were performed followed by ten normal low-pressure backwash
operations. A backwash pressure pulse was generally around 3-10 seconds.

Figure 3 shows a backwash snapshot of a multiple pulsed backwash.

Figure 4 shows the comparison of multiple pulsed low-pressure
backwash operation with a normal low-pressure backwash operation. It can be
clearly seen from these figures that the backwash performance of multiple
pulsed backwashes is better than a low-pressure backwash operation without
pressure pulses.

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.



(b) at least some of the solids are retained on or in
t he hol | ow nenbranes or otherw se as suspended solids
within the liquid surrounding the nmenbranes, - 12 -
(i) periodically backwashi ng the nmenbrane pores using
the pernmeate remaining within §he lumens by applying
| ow pressure gas at a pressure bel ow the bubbl e point
of the nmenbrane, produced by a gas source used to
provide gas to aerate or scour the nenbrane, to said
Cb*b@#id perneate to displace at |east some of the
I'quid perneate within the |unens through the nenbrane
pores resulting in renoval of the solids retained on
1. or A method dfibatiavashinga mesdbrare filtratisnsystend cémprising ajeast one
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some of the |iqui ensi on passes through the walls

d sus
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outer surface of said menbranes, and (b) at |east some
2. Of A hethealdcEsramgecidift AivAeRirthedbwipredsiife §&d is@itva pressure below the

menbranes or otherw se as suspended solids within the
bubble point of the membrane.
3. A method according claim 1 wherein the low-pressure gas is at a pressure in

the range of about 30 kPa to about 150 kPa.

4. A method according to claim 1 wherein the low-pressure gas is provided by one

or more gas pressure pulses.
5. A method according to claim 1 wherein the gas source is a blower.
6. A method of filtering solids from a liquid suspension comprising:

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

(@) some of the liquid suspension passes through the walls of the
membranes to be drawn off as permeate from the hollow membrane

lumens, and

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

membranes,



menbranes, (ii)stopping or suspending the filtration
process; (iii)periodically backwashing the nenbrane
pores using the permeate remaining in the system after
t he suspension of the filtration process by applying a
| ow pressure gas at a pregégreobeIOMIthe bubbl e poi nt

of the nenbrane, produced ‘a gas source used to

provide gas to aerate or scour the nenbranes, to said
liquid perneate to displace at |east sonme of the

liqud -.13 - . 1
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cl aﬂ‘ﬁ'i“{?ralnﬁ_ﬁt her conprising providing a further chanmber
or reservoir in a perneate flow circuit to increase
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comprising:

0] providing a pressure differential across the walls of permeable, hollow
membranes having a liquid suspension applied to the inner surface of the
permeable hollow membranes to induce and sustain filtration through the

membrane walls wherein:

(@) some of the liquid suspension passes through the walls of the
membranes to be drawn off as permeate from the outer surface of said

membranes, and

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

membranes,
(i)  stopping or suspending the filtration process;

(i)  periodically backwashing the membrane pores using the permeate
remaining in the system after the suspension of the filtration process by
applying a low pressure gas at a pressure below the bubble point of the
membrane, produced by a gas source used to provide gas to aerate or scour
the membranes, to said liquid permeate to displace at least some of the liquid



12. A nmethod according to claim6 wherein the perneate
is withdrawmn fromboth ends of the nmenbrane | unmens and
wherein the | ow pressure gas is applied to one or both
ends of the menbrane | unens during the backwashi ng
step. 13. Afiltration systemaccording to claim6 or
claim?7 wherein the | ow préssure gas is provided by
one or nore gas pressure pulses. 14. A nethod
according to claim 13 wherein the pressure pul se or
perBa S irothf 4R AN ARNRorts Rl [l GG SSHRARHI&Ton
or indhiel rollawphgmibrgnesw pressure gas to both the liquid
suspensi on side and the perneate side of the nenbranes
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f t ranes; and (v) a gas source for applying
avall%la%orr@gg%(&%@\é 5 at a pressure bel ow t he bubbl e point
to the liquid perneate within the system and the
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suspensi on surroundi ng the nmenbranes, wherein said gas

source is used to provide gas to, aerate or scour the
13. mefoliltatian system according to claim 6 or claim 7 wherein the low- pressure

gas is provided by one or more gas pressure pulses.

14. A method according to claim 13 wherein the pressure pulse or pulses are
provided by isolating the liquid suspension side of the membranes during the
backwashing step while applying low pressure gas to both the liquid suspension side
and the permeate side of the membranes to pressurize the liquid suspension and
permeate sides of the membranes, then opening the liquid suspension side of the
membranes to atmosphere resulting in a depressurisation of the liquid suspension
side and the application of a pulse of pressure to the permeate side of the

membranes.



16. A filtration systemaccording to claim15 wherein
the | ow pressure gas is provided by one or nore gas
pressure pulses. 17.A filtration systemaccording to
claim15 wherein the gas pressure is regulated by a
control valve or pressure-lhniging device. 18. A
filtration systen1accordiﬁd to claim15 wherein the
| ow- pressure gas is enployed to push the remaining
perneat e t hrough pores of the nmenbrane wall. 19. A

filg i on [ Loy i i
16. or AL RELRERS nAg b Rciteh BuIARERSSyrl dmprising
than the bubble point of the nmembrane. - 15 - 20. A
fil@)r at aoessel Soresontaining daiddiquial stispemsidr® wherein t he

| ow-pressure gas is in a '

(i)  a plurality of permeable, hollow membranes within the vessel;

(i) means for providing a pressure differential across walls of said membranes
such that some of the liquid suspension passes through the walls of the

membranes to be drawn off as permeate;
(iv)  means for withdrawing permeate from the membranes; and

(v)  agas source for applying low pressure gas at a pressure below the bubble
point to the liquid permeate within the system and the membrane lumens to cause
a discharge of at least some of the liquid permeate in the lumens through the
membrane walls to dislodge any solids retained therein and displace the removed
solids into the liquid suspension surrounding the membranes, wherein said gas

source is used to provide gas to aerate or scour the membranes.

16. A filtration system according to claim 15 wherein the low-pressure gas is provided

by one or more gas pressure pulses.

17. A filtration system according to claim 15 wherein the gas pressure is regulated by a

control valve or pressure-limiting device.

18. A filtration system according to claim 15 wherein the low-pressure gas is employed

to push the remaining permeate through pores of the membrane wall.

19. A filtration system according to claim 15 wherein the pressure of the gas applied to

the permeate is less than the bubble point of the membrane.



pressure range of about 30 kPa to about 150 kPa. 21.
A filtration systemaccording to claim15 wherein the
gas source is a blower. 22. Afiltration system
according to claim 15 further conprising a nunber of
the nmenbrane nodul es, each,genbrane nodul e conprising
one or nore of the nenbranéS, wherein the nenbrane
nodul es are arranged in a bank and connected to a
mani fol d for distributing |iquid suspension to the

20. newnﬁlf?&%nrgg/g ln?ﬁcc%'?(ﬂn RN 95 RAERSAIHR lB\Wﬁiré‘Jsﬁgé’ﬂi;ath@% a

wherein th ow press re gas Is I ntroduced I nt
pregsare rfaobelo@ébmdtéOb@am@bou’e‘rﬂﬂ'ld?as nmodul es so that the
permeate in the manifold forms part of the perneate

21. W t/\*“lf?at‘otﬁesﬁﬁéﬂ £&ording to claim 15 wherein the gas source is a blower.

22. A filtration system according to claim 15 further comprising a number of the
membrane modules, each membrane module comprising one or more of the
membranes, wherein the membrane modules are arranged in a bank and connected
to a manifold for distributing liquid suspension to the membrane modules and
removing permeate therefrom, and wherein the low pressure gas is introduced into the
manifold of the bank of membrane modules so that the permeate in the manifold

forms part of the permeate within the system.



