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particularly to nethods and systens for backwashi ng
such systens. 5 BACKGROUND OF_THE | NVENTI ON
Backwashi ng of nenbrane filtration systens is

i nportant part of  gRi b, %ngagNé)é}pratl ng

ef ficiency of such systens. vari ety of different
rrangerrents are used. Porous nenbrane
ﬁ#&?‘gﬁp&%l requi re regul ar backwashi ng of the
menbranes to nai ntal n filtration efficiency 10 and
f1 ux Ue peesestiinyention relatasdatinembranaiiiratien sysipmsvriccmore
rises as the nenbrane beconmes fouled with inpurities.
Tyyantticalatly to ehathods dhé shstelnvsafoh backweashing Bach eystants. i s
renmoved fromthe nmenbrane by pressurised gas, |iquid

OBACKGROUN® SeHEaR/ENmioNer cel | . The liquid

containing inmpurities and deposits from the nmenbranes

s t hﬁgcm%r{}gggop@emwngnsﬁniert%wstyg%rﬁ@rék]mg%wa@'ﬁBErtof

cleanirng o r ovi

scou e surface of
bmslmt@g%ghﬁﬁfp&rameﬁlcwgv@ﬁ%"b*éaxﬁﬁws a&ﬁﬁﬁ%vemai'ﬁerem
expensive ancillary equipnent to provide th

neetoss and ?6%9%“?1"&@"8 Lﬁ;ﬁé/ dforges rnqsntarameé‘wéatlon systems
efficient cleaning. In areas which require | ow
crgojuiralreguidr bpetveashing obthtesmiembraneleto mabitaintfitratetueféiciency
the 20 conplexity and expense of ancillary backwash

esnd Aoe while REGEiNEtBRs e mibriané MWESSTFEXT VIP) mthicriody asthe

of the present invention to overcone or aneliorate at

| %ﬁ‘braﬁé‘ %e@f)mbg %lﬂbé Wﬂﬁmﬁﬁﬁésoﬁyblﬁllwdlﬁfngafhb bakwash

to provid usef alternative.
cycle, the foulant is removed from the membrane by pressurised gas, liquid or

both into the feed tank or cell. The liquid containing impurities and deposits from

the membranes is then drained 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
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2008/ 025077 PCT/ AU2007/ 001252 -2 perneabl e hol | ow
menbrane, the nethod conprising.the step of applying a
| ow pressure gas to the perneate renmai ning present in

t ' ' [ r.
SRS FOHOR bR, e e BSBBSEA i LBl 2 o
of the rren'g)r%ne during a backwashi ng. pF‘ocess. 5 —
ARIESPHIE9AS 10 BRRGTBIEALS [ReRingPEPeRERINE SYeieM When the filtration
provides a nethod of filtering solids froma liquid

sRIosess isostoppesh o sUsRended)togrevidgiliayidifop baskwasghing the pores of
differential across the walls of perneable, hollow
nbeimambsanerderisgd bactkivashingqurodessuspensi on, sai d

liquid suspension being applied to the outer surface

of t hRcanERgIoRMIOtINY dJ8pERf Megsrebent iRdbIRON FOVRIRE a method of

sustain filtration through the nmenbrane walls wherein:

( i [0t ' es through the

o I R o s o AgT® s ber reat o
fromthe holl ow. nenbrane | ns. .and (b) at | east

sone. O 1 neieStind B FreSiiEe ifER it Hrods el imeable.
nmenbr anes or otherw se as suspended solids within the

| hQjlavamesmhrapas dnAtereekinbRdiokickausnension, saiddifiuid pyspension
backwashi ng the nenbrane pores using the perneate

r keing @ppliedia tienowtee sutiaemef the pospus hatdow overpbessiesite induce
gas at a pressure below the bubble point of the

namd sasteirt filttratiord throagh theomemiarhne Walldiveidreine at | east
20 sone of the liquid perneate within the | unens

througl t hesgrRahyt aelidad 88spérsich bassed thro @i walls of the

the solids retained on or in the holl ow nenbranes.
membranes to be drawn off as permeate from the hollow
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
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providing a pressure differential across the walls of
per meabl e, 25 hol | ow menbranesshaving a liquid
suspensi on applied to the inner surface of the WO

e A8 REISI ThelBPates 016350,k BERARTBlnEal bigien e

menbrane wal ls wherein: (a) sone of the liquid
semahang yailsvhareimr ough the wall's of the nenbranes

to be drawn off as pernmeate fromthe outer surface of

5 sai )menbsemesf thembiayid)sugpensiar passerthooughtheswallgief the
are retained on or in the hollow nenbranes or

ot herw se amemizpres taibe draws off dspernidate frvemtireaoater surface of
(ii) stopping or suspending the filtration process; 10

(iii) perioghig®hémbRraderagli ng the menbrane pores
using the perneate remaining in the systemafter the

suspefgi on gfjeLhGsdrhé bf Hd Solid¥' 216 reai e@@gm {1& hdow

| ow ptessure gas at a pressure below e pol nt
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menbrane pores resulting in renoval of the solids

retai ned onMSMArAN@He hol | ow 15 menbranes. Preferably,

during the backwashing step the solids are renoved

i nto iihe bstoppingaquistispendingritie fifratios preogssanes.

Preferably, perneate remaining in ancillaries such as

mani f @il)ds, pedatically bgukpiasbirgntthetrhembrdie peresalsing the permeate

used in addition to that in the nenbrane | unens
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 to
said liquid 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 chambef 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
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provided in the perneate flow circuit to increase the
amount of pernmeate avail abl e.for backwashi ng when
filtration is suspended. Where a nunber of the
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‘?‘35&%?@5‘&%‘ Waﬁ'ﬁ&aemﬁe PH'{E’%?‘{ ‘E’U%ﬁﬁh‘f"%h dﬁbﬁhe case of a
t he bank of nodules so that the perneate in the
nfiltiatien arasess avhase permepts is dakeniromdeatieends af the membrane
case of a filtration process where perneate is taken
f modulepthe gasipustied backvesdir carebe sekicter] ta dyeply & theusitiredt end
backwash can be selected to apply to the either end 5

obMly opthe meniBrahe aedutesWras bofi eh@s BPthe £1H6 tile, dBPending on

sanme tinme, depending on the requirenent. Accor di ng to

atﬁ@trggl{:lré’rﬁ@ﬁf:t the present invention provides a
['tration systemfor renmovi ng fine soI [ ds froma

liquid su pension co :

cont ARG QP&“\"“ZﬁI pgaﬁtggrpg}gg%pt 'EYFQ Hf‘)pfgvksﬁearaa fijratjon
per neabl e, hol | ow nenbranes within the vessel ;

(wsltf;m RBRINGViRg P8 FOHIREOR P Hed susPansire (COMRTISING:

across walls of said nenbranes such that sone of the

i quil® susperesssal fpragandainingrsaid iqwidesusaensiopt  t he

menbranes to be drawn off as perneate; (iv) neans for

w t hdiipwi nga priraktgtiof permealblbchaotixwo remelsrangs vithirb theyessel;

means for applying | ow pressure gas at a pressure

bel oviiyhe mdBRS orSovidirkf a br&smmﬂé’) achsss wAllg 6F said

permeate within the systemand the nenbrane |unens to

g@?ﬁn@é%ééjé §l9<§|'?{h%? stneaLt)f ths ﬂaﬁldmeﬂglow}?aésbg Wﬂg)ugh the walls.of \

the membranes 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 Iow-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.
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menbr anes. For preference, the | owpressure gas is
provided by one or nore gas pgkessure pul ses.
Preferably, the Iom#pressure gas is provided froma

Lo et B SRR fons

pershesis iskof e fertfidbe s dbioaBoFSEYRG of e membranes

PCT/ AU2007/ 001252 -5 Preferably, the | ow pressure gas

i s enprefgrediy theprsssureeof beedas appliedde e permeatesiould be less
t he nenbrane pores during backwashi ng of the

mibabrthe dsibblePaiheofahe ynembeanw ss that thebas bangetpenetrate into
applied to the perneate should be | ess than the bubble
PRicRibrahe popedrenbrane so that the gas cannot penetrate

into 5 menbrane pores Preferably the | ow pressure

gas i

TeoKraey %?Z PIERINE Rs PO pressfirorite %fb’é“ﬁ“ gPkPato
from.t r alr _scaur

AR PR: %freefrréfeéﬂ@i; %%'gwprer&égwreasr?em@aﬁ% fogthessame
are provided by isolating the 10 feed side of the
nelpwiesHeed &rra'hgcqqﬁ@gwdgmmmaa@-wm l e applying | ow
pressure gas to both the feed and perneate sides of

t he nieprpreference) thepesssure pelseher fulees aredproridedaiyeisolating the
si des of the nenbranes, then opening the feed side of

t feednsidd ofithesmembadmessdiviigethectsadkiwasty stap avhile applying low
depressurisation of the feed side and the application

Oérﬁe%rsg##egﬁs £ bdth ¥RS e A bBANBSIEHRAES oFthdSmEmbtdies tho
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 puise 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;
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using aeration gas or other |ow pressure gas sources;
20 Scouring of nenbrane surfages by flow ng gas
bubbl es past the nenbrane surfaces; Backwashing the

menbr Iﬁﬁﬁhgr{g@ﬁ Ppgaéllv@ayghr\ﬁaﬁg{dzﬁ(?ee% ‘?{F%iint- .cﬂ/gn BF §g|%nﬁeed and

in the sys n-a reverse e nor
filtration flow thro t he nbr.ane pores by

hleg Pt ot AbRhAES belkerTRaGsIS o i h a

pul sed 25 fashion to the perneate; W 2008/ 025077

PCT/ ARl treLepnbrage pesselayenting gAs pahanermeatstsideand
sweep, drain-down or by a feed and bleed process to

peasuimang filtitisnhar ge backwash waste; Refilling the
menbrane vessel, venting gas on the perneate side and

r BRIEF DESCRIPRONOF PHBRYREAWINSRI PTION OF THE
DRAW NGS Preferred enbodi nents of the invention wll

now bepgsirbd RithodMheiYothe if nfwiMotv b &e%,_cribed, by way of

reference to the acconmpanyi ng draw ngs 1 n whic

Figure 1 shq a.simplified schemati.c of a nmenbran

oI de oy BRI Re €3 10 AGSBPEN R bR I WO ne
present invention; 10 Figure 2 shows a graphical

conpafiB¥th &f sheWspras siivRlifisdcisraematis of <3 amppbrane module
hi gh- pressure backwash by conpari ng t he menbr ane

r agargemeet acsesdigg o onerembodiment guthe @eseaobisvention;
snapshot of the multiple backwash pul ses; and
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 membrane resistance
changes over time.
DESCRIPTION OF PREFERRED EMBODIMENTS
Referring to Figure 1, the hollow fibre membrane module 5 i‘s 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 15 backwash to a | ow pressure
whawigwad7 by conparing the nenbrane resi st ancePCTARRYSH01252

over time. DESCRI PTI ON OF PREFERRED EMBCDI MENTS

Referring to Figure 1, the holkaw fibre nmenbrane

nmodule 5 is nounted in a pressure vessel 6 and the

2%111(? Fr?atniu%ﬂyﬁfob%ﬁétéé céﬁﬁm \g\‘fes RRALT L Gl gﬁe%ﬁﬁg bﬁct‘v?erfélplrsealso fed

unens connect

| ower r me tlets ectivye
 RefPra BRI 1droghs cBber pemeta el RERus %armwava've NRV3,
cle, the lumens 7 remain filled with errreate Feed

éegnwleu%wmsravms froas el membrang lwiners thipkgh theryppeg and lower
adj acent the lower end of the nodule 5 through a
nbeaders U2randal ¥ antiRvdpedtiveruppes and doseomeduoparawate outlets 8
typically air, is supplied to the inlet port 10

5 tAfd®YgIThe Wi‘ﬂﬁdrbwfn%éhﬁé@té/ SoWRYZroViGh 2DP&/nete Tike 14 controlled by
PCT/ AU2007/ 001252 -7 and manual |y operated contr ol

IV@AWl Tﬂé)pﬁéérsﬁﬁes%&eﬁ’ksq Fovdddd Mpaééﬁébhﬁa%@t R&rt 98t8wards

ower 11 to the upper perne te out rou
n@‘ﬁbtip? h‘g’ée ml\é%% el nq‘jrgré)@pd 3)@(03 f)gagyé’\@m%i%gpt a‘:fve AV2.
ot wé%%ﬂgeég ew?p'ae“%ugéo BSeHovanh e U555 indhisembodiment.

flows through a perneate line 14 controlled by valve
AVl. manepmedng, @ masgal vabva MM iswseddowireate andiffrentiot
port 15 towards the upper end of the nodule 5 and
10 cpressoid agtoby the neoktwané to atkiese thaligeidddckwask. The valve MV1
mat hods of | ow pressure backwash may be used in this

gheflidtedto re ddlﬂat@rtﬁe Ry A fic BRE rbatéad M@gé\Mb prés:ﬂﬁr@d
to create a differential 10 pressure across

8] bAWRN RyGed Sn %%@aﬁea&ﬁ&@ 'FtheTHu% @é/.etWﬂ'be
TEHBHARE) P P ot

edtoregu eaeratlon Iowan

ne artelczl\é?etp {ha once the correct process conditions are decided, MV1 can be

replaced by a fixed flow restricting device with no operator adjustment required.

15 In one form of this method, the manual valve MV1 is adjusted to reduce the
air pressure to the shell side of the membrane module 5 within the vessel 6.
Filtration is then suspended by closing valve AV1 and backwash release valve
AV2 is opened. Low-pressure air is applied to the permeate remaining therein
through non-return valve NRV3 and upper and lower module filtrate outlets 8

20 and 9. This low-pressure air forces the permeate liquid through the membrane
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.
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the nodule 5. It will be appreciated that, once the
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repl aced by a fixed flow restricting device with no
operator adjustnent required. g5 In one formof this
nmet hod, the manual valve W1 is adjusted to reduce the

5 i ERTRe MG EBRaSh bs GorfieRl, i SfRTRIOB1E VERGH s swent
i geib i o mavs cPommnan’s ilpriwhauong Ine basfahand t

remai ning therein - through non-return valve NRV3 and
ufsiidrer apeun thasutersiufasesof thexmenakranes 4. 8Ty sweepgnay be
This | owpressure air forces the perneate liquid

t optinreily tpeefonmet withecorfiouas) deratioh fier g periedbf030 d@0tseconds,
the feed side to produce a liquid backwash. This

| fy@itatly basdinasisdconBs ahathes witbuBad@itibR 900 furtie? p&fidd of 0 to

séconds, typically 45 seconds with a conti nuing

o . y L. - I C o ai
C ho8 ey Rt oceanagy 1ERMSEBbb G EB BBHA could be
PCT/ AL2Q07/ 001252 -8 Once Hﬁ i gui d back shds

cdp] B RIACe oha Sifep tospraivadigadac cantamiag 3, Orge the

feed liquid to renove contam nants di sl odged during

t hckyashgrchsweaer/derin dowmare crepletads dhe sytemsigretired to

of the menbranes 7. This sweep nmay be optionally
peefnal fltcationt h conti nuing aeration for a period of 0
to 120 seconds, 5 typically, about 10 seconds and then

W t hoMitseaena preferredmethbd uisbs ia psokiweshqiulée toinciea3e the
seconds, typically 30 seconds. It will be appreciated

apé&indddie SRIMNpeRYLd AR to'B5kwashthaGRebrahePEiRB. IR this method,
renove di sl odged contam nants. Once the backwash

and

AL R YO e AT S PG ety Cooer

ugga(v?as?la\?aﬁ\\ll\e'a ib/Zlalg Itese’r(;';ptor(')arf.lyn grr Sgﬁl?/ c‘iclgs%d to isolate the shell side of
the vessel 6. The blower 11 is operated in dead-end mode or close to dead-end
mode for a very short duration (air is largely released from blower’s pressure
release valve). Both the shell side and permeate side pressure builds up to the
blower’s discharge pressure limit. The shell side upper backwash valve AV2 is
then opened, resulting in the shell side pressure dropping rapidly and a relatively
high negative transmembrane pressure (TMP) pulse being generated. The
pulse can be repeated by simply closing and opening upper backwash valve
AV2 during the backwash stage. When this method is used, the filtrate hon-
return valve, NRV3, is desirably located as far as practical from the upper
module permeate outlet 8 to provide efficient air pocket within the system to

maximize the pressure pulse generated.
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pores. In this nethod, during a backwash stage
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backwash val ve AV2 is tenporarily or partly closed to
i solate the shell side of thegvessel 6. The blower 11

- 1s operated in dead-end node or close to dead-end 15

rmode IBQJneaonrﬁrcﬁ ltﬁ%@%femé& z)tu'ls%r(]l thiHod 5 BRARSH the system is

rel eased f rel"'ease valve).

t he S{'ﬂdl ﬁ)de and perneate side pressure builds up to
t PRErAARRIONOWS; schar ge pressure linit. The shell si de
upper_backwash val ve AV2 is then opened, resulting

t he dtidrationiisigugperiag andiHppei b@kyv@phd/laJNQaAWﬁ opened "An

relatively high negative. transnenbrane pressure
(démjiopahd dighiel backyersbrstagelis thiea qummlesle/vlﬁalmmbpressure air for a
repeated by sinply closing and openi ng upper backwash

Vigdrici of Vi 200 sBcoAde tiRcHNRNssdonde. A@Ssdribed igélagach to the

i s used, the filtrate non- return val ve, NRV3, is

g@%\/{oﬁglrﬁeﬁﬁeafo?\g %%S{J%a@% A5l BEHe ﬁ{e%fﬁ WiRintRBShembrane

e perneate o) to DTOVI clent alr

ket the |
t
"'ﬁhe sgtohainenls B ey el ﬁ%%b%f”%ﬁ%%ﬁg igujd being
orm the preferred ed net hod of backwash

??Qst[’ hsLe %raeaerersc#?ldo@leiodgmgtm taminan material from
suspended and upper backwash val ve AV2 is opened. An
deeanemhranewaliguil e shel wiserofdhe grodule Hris thereprassueeed by
wth [ owpressure air for a 5 period of 2 to 200

selosing sippey baclkevhsh télve ddihfds a pasicdiesfct td@0l seconds, typically 5
relation to the previous nethod, |ow pressure air is

agutiongd ahd MARMGahe bibwer T trh@e4tRER Mo, Fﬁ@ﬁ?ﬁer backwash
t hrough perneate outlets 8 and 9 resulting in

PE{IVERLS dsyﬁ’és’rfgggﬁéd‘ﬂ) réli}ﬂgqﬁggFJgsGH tﬁe‘ﬁe 8 m% continuing

pores an g Ng co

p?"é?@%’? pgﬁ@qwﬂ bad %vasslﬁew{th Fi)'V\(/j-SreosfsuFe gir this setage is typlcar\y

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 O 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



10 cl osi ng upper backwash val ve AV2 for a period of 1
to 60 seconds, typically 5 seconds and running the
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AV2 is then opened to rapidly depressurise the vessel
6 while continuing aeration apd Iiquid backwash with

l ow pressure air. This stage is typically perforned

f ' . . 15 Sini 10 3
SBLorefEbedisdhondd by BRER S sa bR hihderdifon and low-
conpleted, .the shel] side of vessel 6 is swept with
OBRSYieciuid PacH AL lor BoIRTIoN oledrd 50 SPCPBRRed dur i ng

t he backwash and to further scour the outer surfaces

of t hé& minbeaakexperimerts bavebepn meyfosmed e iilbistiate/the
performed with continuing aeration for a period of O

t effeddiVenesoofithe lowmpressury bagckwash0 seconds and then

wi t hout aeration for a 20 further period of 0 to 150

secorgigure ¥ Bh@ﬁr‘s'd’gr@?ﬁ}é‘él SEmpaASH Betwdtia BO&Pa lumen pressure

backwash and sweep/drain down are conpl eted the system

[ % Salelora- NI o j as¢idrped above,
tlzae({kg‘{ﬁéi‘e p égyé) '%;@ekéde%gﬁg%§u@%%| ng éarlﬁd

cl osing the upper backwash valve AV2 a.number, of ,
£ s A ATTREDRSE aimBS R ke muldedlidtid Bobadash methed with
phase, the shell side of the vessel 6 i s pressurized
vinounal loyseressiiehaakmash vaspersormedy {8p pulsed kackwagh

fol l owed by depressurisation phase with aeration and

| eperatiors were peifquned followeddiy teornarmsd lawgressute backwash
seconds. A nunber of experinments have been perforned

teperhtioss.rAaabackwash piessaia puiise amsaderidrally axvupdess $0seconds.
backwash. 5 Figure 2 shows a graphical conparison

bet veerigare38 shBivs! dBEckwtisBSSHEPR hoPack Yaatiplaised backwash.
typi cal “200 kPa | unen pressure backwash. 1 n anot her

test, %ﬁﬁn%hbﬁg%gfcom%ri%ﬁ %?%dliiﬂ@ip%lské%qgmssure

met ho

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 exempilifications of the
invention are possible without departing from the spirit or scope of the invention

described.



a normal | ow pressure backwash was perforned. Ten
pul sed backwash operations were perforned foll owed by

wo eoosnosoral | ow pressure backwash 10 oper at i onBCT/AU2007/001252
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backwash pressure pul se was generally around 3-10
seconds. Figure 3 shows a backwash snapshot of a
nultiple pul sed backwash. Figure 4 shows the

ﬂ%gSon of multiple pulsed | ow pressure backwash
opera ron mnth a normal | ow pressure backwash

era an be .clearly seen_fromthese figure,
Chat M Ebat RLBSRpETG) RdRet b UiraiaR svSiampGpEBtSng at east
backvvashes is better than a | ow pressure backwash
opre ReimrblaincHewtmembeanatee matbed comprigingl theetep of applying a
appreci ated that further enbodi nents and
elanpiessureagasotosthefpdrineate renraihingpresentingie filteation system
wi t hout departing fromthe spirit or scope of the

| RHERtHOTtratlss Srddad. is %Q)&\b@d?&%%/s%ﬁ@g(y to prov1de liquid for
PCT/ AU2007/ 001252 -11- Al MS: 1. A nethod of

t
|ea%onﬂég%%mg%ﬁlwﬁﬁrﬁ%@“%e%ﬁﬁ B RS R pitess. ©
°2”"pé?w3§9é ?gﬁrtg.erfa AgranoueEh ﬁwlh&”ﬁr%%%&%“é%n% Ra Pressure

em 5 when eflltratlon process i s stopped or
sQ@BWﬁH@@Upgl%‘PQﬂm oltheirgemgrans  pbackwashi ng pores of
t he nenbrane during a backwashi ng process. 2. A nethod
ag.corAlimajhed aceordingheaisn i whereirothegdowswessurgagas is ala pressure

pressure bel ow the bubble point of the nenbrane. 3. A
niatthe damge of sbag 30 kiPartd abbatr E50kPAe | ow- pressure gas

is at a pressure 10 in the range of about 30 kPa to

adout A knéd @ccording to claim 1 wherein the low-pressure gas is provided by
one or more gas pressure pulses.
5. A method of filtering solids from a liquid suspension comprising:

(1) 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:

(a) 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) 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



4. A nmethod according to claim1 wherein the
| ow- pressure gas is provided by one or nore gas

w@em@s®esoe7 pul ses. 5. A nethod of filtering sol PdpATROM001252
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a liquid suspension conprising: (i) providing a
pressure differential across_tjhe walls of perneable,
15 hol | ow nenbranes i mersed in the |liquid suspension,

| . .
Sebule e bSinE PSS R resr o Sai@ Bl Serkfbsh o it Rlog f least
sustain filtration throygh, the nmenbrane I1s erein:
(S phie i perMaaantds sie Lo kedua T Gedibrong Pores
wal I's of the nenbranes to be drawn off as perneate
fieskitingdn rempyal of thersalitsaietainadonor iadie peljow mensbranes.
sonme of the solids are retained on or in the holl ow
nnbrAanesthod obfilkening saidaSrann apeuitk dusmdrisitn in a filtnatibhsystem
liquid surrounding the nenbranes, (ii) periodically
bashp@singng the nenbrane pores using the perneate 25
remai ning within the lunmens by applying | ow pressure
gas

peT/ A 280?5‘8%?9@ _gﬂ‘%gut g%ﬁ%@%%%gﬂ?sﬁtthgfwatlﬁed permeable,
THIBVERRpigane Drund T TR o eRe R e ThamTithoe of the

the nmenbrane pores resultipg in renopval_of the solids
rRETNSAO(E BRIl membrapes &p fslyCreanst sRtain filtrationbrewgh be
filtering solids froma |iquid suspension in a
finembaane wadlg theneins conprising: (i) providing a
pressure differential across the walls of perneable,

hol | &) memsamesf treviiquid suspensich passesithrauyhathe! walls dfdhe
the inner surface of the perneable holl ow nmenbranes

to induce apdnibished 1 e Ui bBRsidErRiedfe frBfh the outer surface of
said membranes, and

(b) at least 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;
(iii) 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 to
said liquid permeate to displace at least some of the liquid permeate through the
membrane pores resulting in removal of the solids retainedlon or in the hollow
membranes.

7. A method according to claim 5 or claim 6 wherein, during the backwashing

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



menbrane walls wherein: 10 (a) sone of the liquid
suspensi on passes through the walls of the nenbranes

wo eods@2srawn of f as perneate fromthe outer surP€BA®2@7/001252
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said nmenbranes, and (b) at |east sonme of the solids
are retained on or in the holljgw nenbranes or
ot herwi se as suspended solids within the

15 :
Thr ) .~ . . . . o
o S Bfethod ablorirtphl Ain?' o SRS WA pehEaletdiéining i
por usi.ng the perneate. remaining.in the system
sAnallrieRds Daef éndt rbige of RRCkWTh IYign process by

applying a |low pressure gas at a pressure below the
b‘ﬁbbﬂémﬁshwﬂ ageording Wecﬁwn‘aﬁ@rtc!a"zté) §uthericoqariging providing a
perneate to displace at |east sonme of the |iquid
dlarthreatikarnbeoogiesehoir imenpemmeate doescirceitub imergase the amount of
renoval of the solids retained on or in the hollow

NRthicte availablé\forderdaghigr di ng to claim 5 or claim6
wherein, during the backwashing step, the solids are

X N . e . e

e e R T R B9 BRI st B ifpdavep from
t.hod according to claim5b or claim rein . ,

T8 e ity 3R s G e Aol eibSsre s apiied
of backwash |iquid. 9. nmet hod accordin o claimb5

dP Qf]%@'\;ﬁ%nﬁjﬁdgr%rth% BT%QP@PﬁdU’BPBW&F'Hg “ge EPEW"F\%?'"Q step.
chanber or reservoir in a perneate flowcircuit to

i Hor dadiltratine systamacedrding ioeslaignbor plaim Gwhergiathe low-pressure
backwashi ng. 10. A nethod according to claim5 wherein

tdees isgrovided byong ommioegas pressubmpblsesds of the

nmenbrane | unens and wherein the |ow pressure gas is

app! i Rehethod according to claim 11 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
sﬁspension 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.

13. Afiltration system for removing fine solids from a liquid suspension

comprising:
(1) a vessel for containing said liquid suspension;
(i) a plurality of permeable, hollow membranes within the vessel;
(iii) 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;



to one or both ends of the menbrane |unens during the
backwashi ng step. 11. A filtration systemaccording to

warms/m®B7or claim6 wherein the | ow pressure HO/gax07/801252
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provi ded by one or nore gas pressure pulses. 12. A
met hod according to claim 1l wherein the pressure
pul se or pulses are provided by isolating the liquid

packi2ni ngeeas ot PEARRY A ARt Permprangs; and

bot h e liquid ?us ensi o si de and th? perrreateb,?i d?
of t he) menbT&ABS IATFRNNERE IR PECSSHES OR§GE @ Prgssure below the
suspensi on and perneate sides of the nenbranes, then

oievhle goimido theyliquid perspateswighindhelsysiem aed tharmeamksene lumens

to atnosphere resulting in a depressurisation of the
| focpaudesudiseharigerof at teastisdnienef thp piquidiperoreaté imtheuua®ens
of ~ pressure to the perneate side of the nenbranes.

1hrouyH tHet mahiPansyalls o HRlodRW §llidsi rBRiséd tEFein2HA displace
a liquid suspension 20 conprising: (i) a vessel for

SR B8 o il foGHSHRHSHABn ool BrBte hibrfes
TR A B S B R Se Bha e  Fg oos
suspensi on passes through the walls of 25 the

nRIANIASEY eke BEMPra@As Presule prls@Sat e; WO 2008/ 025077

PCT/ AU2007/ 001252 -14 (iv) neans for w thdraw ng
p&d.meAfiratiopraystem @eadndingete, claimi 13 (or)14rwbereirf the low-pressure
applying | ow pressure gas at a pressure bel ow the

bydbiseprovidet fiorn bhsurce|of gapasee & gendté thenmichsbrapes.em
and the nenbrane lunmens to cause a discharge of at

| LA TS G 0 120 B b1 T
rl%tgﬁieﬂggl bty*ée&ﬁithl @Qﬁlleddrsp%éﬁﬁ'e-limiting device.
17. Afiltration system according to claim 13 wherein the low-pressure gas is
employed to push the remaining permeate through pores of the membrane wall.
18. A filtration system according to claim 13 wherein the pressure of the gas
applied to the permeate is less than the bubble point of the membrane.
19. Afiltration system according to claim 13 wherein the low-pressure gas is in
a pressure range of about 30 kPa to about 150 kPa.
20. Afiltration system according to claim 13 wherein the low pressure is
provided from a blower used for gas scouring of the membrane.
21. A filtration system according to claim 13 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



the renoved solids into the |iquid suspension
surroundi ng the nenbranes. 14. A filtration system
wa@ewsneiony to claim 13 wherein the | ow pressureChap2G03/001252
provi ded by one or nore gas pressure pulses. 15. A
filtration system according tosclaim13 or 14 wherein
the | ow pressure 10 gas is provided froma source of
@%nﬁ‘é&?cetoomgse{r%t H%Bé‘r‘ﬁ? of l]n@mtﬁaf\é MSRhL % that the
system accor as” pressur
ul.at e nt r ol Ve or pressuyr. imtin
Remie ﬁ?hem%rf?‘ﬂar?r'aﬁ Pagtef i ReTmPaie TS iy av%ﬁ%q%
wherein the | ow pressure gas is enployed to push the
remai ni ng perneate through pores of the nenbrane wall.
15 18. Afiltration systemaccording to claim13
wherein the pressure of the gas applied to the
perneate is |l ess than the bubble point of the
menbrane. 19. A filtration systemaccording to claim
13 wherein the lowpressure gas is in a pressure
range of about 30 kPa to about 150 kPa. 20. A
filtration systemaccording to claim 13 wherein the
| ow pressure is 20 provided froma bl ower "used for
gas scouring of the menbrane. 21. Afiltration system
according to claim 13 further conprising a nunber of
the nmenbrane nodul es, each nenbrane nodul e conpri sing
one or nore of the nenbranes, wherein the nmenbrane
nodul es are arranged in a bank and connected to a
mani fold for distributing liquid suspension to the
menbrane 25 nodul es and renovi ng perneate therefrom
and wherein the | ow pressure gas WO 2008/ 025077
PCT/ AU2007/ 001252 -15 is introduced into the manifold
of the bank of nenbrane nodul es so that the perneate
in the manifold fornms part of the perneate within the
system



