- 1 - TITLEE METHOD OF CLEANI NG A MEMBRANE FI LTRATI ON SYSTEM TECHNI CAL

FI ELD The present invention relates to nenbrane filtrations systens
and nore particularly to inproved net hods and apparatus for cleaning the
menbr anes used in such systens. BACKGROUND OF @HE | NVENTI ON Any

di scussion of the prior art throughout the specification should in no way

be considered as an adm ssion that such prior art is widely known or forns
part of comon general know edge in the field. Menbrane cleaning is a
key step to the success of any nenbrane filtration process. Wthout regul ar

cl eaning the ”iﬁ‘fbée APETHeRT ORI HAERED WENBRARE HItTresTioNd ey eaual |y

i noperati ve. rent physi cal nenbrane cl eaning strategi es have been
proposed and payingeed Fid gummary of sone typical nethods is described
bel ow. 1. Scrubbing nmenbranes with gas bubbles. This nethod was first

publ i shed by Yamafpi Bre%énﬁhvenﬁlmffe%tesc‘ﬁ‘d PBEBrahRGMAALAS ¥ystefR and moRAJES
43-54; 1989) and has been wdely used in the |lowpressure filtration

processes. Th%aﬁt&%ﬁsrrlyfté)irnﬁﬁo@derﬁétﬁgd@(ncgﬁ@ﬁpa%&@k@%leraﬁmﬁ\iﬁ‘egmfe%l'éd& material s
on the menbrane surface, but does little to reduce the fouling in the

menbr ane poregised % sBAGK¥RSR. or back pul sing nethod. This method uses a
reversed flow of fluid fhrough the nenbrane pores to dislodge of fouling

mat eri al s t hergd{greROEBNDSFE THAESINVENTIONI d can be used as a fluid in the
reverse backwash. In a PCT Published Application No. WO 03/059495,

Bartels et al desppy E@c@ssw\mﬁu&%ﬁhmoqy@om epdcHieatitd! dhawidfin Ber
menbranes are pressurized with a
way be considered as an admission that such prior art is widely known or forms
part of common general knowledge in the field.

Membrane cleaning is a key step to the success of any membrane filtration
process. Without regular cleaning the membranes become clogged with
impurities and eventually inoperative. Different physical membrane cleaning
strategies have been proposed and published. A summary of some typical
methods is described below.

1. Scrubbing membranes with gas bubbles. This method was first published
by Yamamoto et al. (Water Science Technology, Val. 2, pages 43-54; 1989) and
has been widely used in the low-pressure filtration processes. The shear force
created by gas bubbles removes fouling materials on the membrane surface, but
does little to reduce the fouling in the membrane pores.

2. Backwash or back pulsing method. This method uses a reversed flow of
fluid through the membrane pores to dislodge of fouling materials therefrom.
Either gas or liquid can be used as a fluid in the reverse backwash.

In a PCT Published Application No. WO 03/059495, Bartels et al describe

a backwash technique where the hollow fiber membranes are pressurized with a



- 2 - gas on a feed side at a specified time during the backwash. They
descri be the periodic use of such backwash to effectively renove fouling
conponents fromthe hollow fiber menbranes. To carry out a liquid
backwash, typically a liquid punp and a |iqui & holding tank are required.
The punp delivers a perneate flowin a rgyverse direction to the normal
filtration flow through the nenbrane pores to clean accunul ated solids and

i mpurities frgmbpRg f@@d@a@aﬁéswﬁa nnkermmartﬁé@wwaeﬂ THRYcaMethe t rati on

process, this“requires nore ancillaries. In a typical nenbrane filtration

system the ”gygﬁ&?r@ﬁsé*@@%ﬁﬁaé&%sﬁ%Bﬁ@&@glyfréné\re%ﬂhrfgoédﬂnﬁne%h@h simlar

pi pi ng arrangenent to provide for inflow of feed and renoval of

filtrate/ per mpad goloftfivkPGeBehrl. filtration period, the nenbrane perneate
side and the perneate manifold remain filled with perneate. D SCLOSURE OF

THE INVENTION 1, They mt%afamd sd&xﬁaén %I&fﬁ@mq&:a pﬂ%edﬂa%euq@id If3iRg per neat e
remaining in the manifold and in the nenbranes (menbrane |umen or the

vessel hol di ng,fRBIFRrefRed 2HE RERIESIES dpdriRafedRAV iffa lelSisd @iréstionfid | trati on)
as a source for li1quid backwash. According to one aspect, the present

i nvention pr Ovnéiﬁ&n%ﬂﬂtraﬁanmhmgh% REnBAHERRE RLicanREihaResd i | tration

systemincluding the step of using perneate renmai ning present in the system
when the filtkgidOmdIFrPGRRS fiotn HleGRAABrahSs poraY.iide grésHurided MEmbamewashi ng

t he nenbrane pores during a backwashi ng process Preferably, a
pressurized Og#fratisn BRIREEY @fls FQuRES Mokd andilRiTed. nlnrwtypr@éwmahsrahbm@gbh t he
menbr ane pores during backwashi ng of the nenbranes. - Pref erably,

the pressure gistbhetr@arerdiphé abduRstde ciificdRA 1S a ol dve)tﬂeesmtahan t he
bubbl e point of t he nenbrane so that the gas cannot penetrate into nmenbrane
pores. piping arrangement to provide for inflow of feed and removal of filtrate/permeate.
At the end of filtration period, the membrane permeate side and the permeate
manifold remain filled with permeate.
DISCLOSURE OF THE INVENTION
The present invention seeks to make use of such permeate remaining in
the manifold and in the membranes (membrane lumen or the vessel holding
membranes and permeate in the case of inside-out filtration) as a source for
liguid backwash.
According to one aspect, the present invention provides an improved
method of backwashing a membrane filtration system including the step of using
permeate remaining present in the system when the filtration process is stopped
to provide liquid for backwashing the membrane pores during a backwashing
process.

Preferably, a pressurized gas is employed to push the remaining permeate

through the membrane pores during backwashing of the membranes.



Accordi ng to another aspect the present invention provides a nethod of
filtering solids froma |iquid suspension conprising: (Oproviding a
pressure differential across the walls of perneable, holl ow nenbranes
imersed in the liquid suspension, said |iquid,suspension being applied to
the outer surface of the porous hol |l ow ngnbranes to i nduce and sustain
filtration through the nenbrane walls wherein: (a) sone of the liquid

suspensi on pass esp,regr%%hpé Egesg‘@’r%lo? tr@fggs%g@ﬁ(&g?@ g?rﬁ&t@&m@wagg f as

perneate fromthe h rane | unens, east sone of the
solids are reyained,QhiQboihllofthe mdflok ik JBRRT AB@3s Banfk RERKA8ms Suspended
solids within ?ﬁqe ?P%%bglur?gﬂﬁ#ng 'ﬁ%e rrerrft’)trﬁageg, ?i i peér{t?ag& cally
backwashi ng tﬁgmgﬁg@&gs_pores using the perneate remaining within the

| umens by applying a gas at a pressure bel ow the bubble point to said

liquid perneate tQ. &R Cshoter bEF: tiROFBs& ilvBRtidn Stelideds MBRAEfM thin the

| umens through the nmenbrane pores resulting in renoval of the solids

retai ned on OFdrfhgtddfadPbrh QHqIRIERNEAdHERon AnRRkfigng to anot her aspect, the
present i nventli orngpr ovi des aqrret hod of nfi | ter imﬁg solids froma liquid

suspension in a filtrabiQRyigysbrEGRHNdrentacrbdd MeHIdohBeraabRSSUT €
differential across the walls of perneable

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 walis 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 4otherwise as suspended solids within the liquid
surrounding the membranes,

(i) periodically backwashing the membrane pores using the permeate
remaining within the lumens by applying a gas at a pressure below the bubble
point 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 solids
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:

)] providing a pressure differential across the walls of permeable,

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



hol | ow nenbranes having a Iiquid suspension applied to the inner surface of
the - 4 - perneable hollow nenbranes to i nduce and sustain filtration

t hrough the nenbrane walls wherein: (a) sone of the |iquid suspension
passes through the walls of the nenbranes to bge drawn off as perneate from
the outer surface of said nmenbranes, andsg(b) at |east sone of the solids
are retained on or in the hollow nenbranes or otherw se as suspended solids

Wi thin the meghranes hollow mémbrangé RARIRS fd six@?a‘?@ﬂ%m thid@ghid ration
process; I11) periodically backwashing the nmenbrane por es using the

perneat e r emaiifGahdwhitbnistsinem after the suspension of the filtration
process by applying a gas at a pressure bel ow the bubble point to said

liquid permeate tg)di SQB%%f%lh‘é‘zﬁﬁéusﬁ@r‘i@or%asfsl%@tﬂrbgcjﬂtﬁe%H:ﬂ@ﬁhé t hrough
t he nenbrane pores'resulting 1n renoval of the solids retained on or in the

hol | ow menbranes. nirdrahédlodbe dHlvh B b %rrﬁé’sﬁg%ﬁhhg%@? gixfddaefsol i ds
are removed into the bulk l'iquid surrounding the nenbranes.

Preferably, perneate regRimémeran8s,amai | aries such as manifol ds, headers,
pi ping and the like may al so be used in addition to that in the menbrane

| unens as a sourcg)of bagkuasind bfaH: dolidéhes RthiRsdIbh bEneRs heiRWTEat € Vol une
for backwash is avail able fromthese sources, a further chanber or

reservoir may be provi GeenbrBndd6r ARSIIRRLR g‘ugg@ﬁc@drs@mgw‘qmn tHecr ease the
anount of perneate avail able for backwashing when filtration is suspended.
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 gas at a pressure below the bubble point 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 liguid 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 modules are used in a bank and connected to a

manifold for distributing feed and removing permeate, the pressurized gas may

be introduced into the manifold of the bank of modules so that the permeate in



Where a nunber of the nodules are used in a bank and connected to a

mani fold for distributing feed and renoving perneate, the pressurized gas
may be introduced into the manifold of the bank of nodules so that the
perneate in - 5 - the manifold can also be utelized for backwash. In the
case of a filtration process where perngate is taken fromboth ends of the
menbr ane nodul e, the gas pushed backwash can be selected to apply to the

ei ther end onkpye Qbnitdi®careaBs BOGtiIFRE WrdbckWast On B SasBnA S Mfatibh Brase ti e,
dependi ng on the requirenent. Accordi ng to anot her aspect the present

invention prowhdRSpemehtelis BlkeRRrofVisdtf Bhdbf the FeWRshd mBBuIsOhedasfroma
| i qui d suspensi on conpri sing: (1) a vessel for containing said liquid

suspensi on;  (iplighed BRIMNEH Eah 0 sddiSBRRMBIy B Ud BMTBARLARRSHM thin the
vessel ; i1i) means for providing a pressure differéntial across walls

of sai d menbr aRsh et Moliial, & W BotRlentif 8t thiQuhd S BEPSIATY Apdees through
the walls of the nenbranes to be drawn off as perneate; (iv) nmeans for
wi t hdr awi ng peédm@ﬁ@n{_romthe menbr anes; and (v) means for applying
gas at a pressure bel ow the bubble point to the liquid perneate within the

system and the ”EN@o?le% {ourRer bepadt tiRChreserlirie Rfdrosodtie b fileA&t some of
the liquid perneate in the lunens through the nenbrane walls to disl odge

any solids retpdtaadort BRIoQING A8 dolflisTRINAE Bqlib fusRimBivAGoaRlikiAg: i nto the liquid
suspensi on surtroundi ng the nmenbrane&

(i) a vessel for containing said liquid suspension;
(ii) 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;

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

v) means for applying gas at a pressure below the bubble point to the
liquid permeate within the system and the membrane lumens to affect 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.

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;



A general backwash procedure using the inproved nethod may invol ve a nunber
or all of the follow ng steps. Filtering-down of feed |l evel within the
feed vessel using aeration gas or other |ow pressure gas sources; Scouring
of menbrane surfaces by flow ng gas bubbl es past the nenbrane surfaces; -
6 - Backwashi ng the nmenbrane pores by flgw ng perneate renai ning present in
the systemin a reverse direction to the nornmal filtration flow through the

menbrane por egackl bty b mn%rar@g&@@s@ﬂmb%ewe&mm%@tégeﬁpwnh@r by a
feed and bl eed process to partially discharge backwash wast e;

Refilling the s pRahifafewtssaiecti¥® R theGolAd fiRFatibR Aol HrBB@H MePhétorand
resumng filtration.
pores;

Discharging of backwash waste by sweep, drain-down or by a feed and
bleed process to partially discharge backwash waste;

Refilling the membrane vessel, venting gas on the permeate side and
resuming filtration.

At the end of backwash cleaning, the concentrated backwash waste has to
be discharged from the module. There are two common ways to discharge the
backwash waste: drain down the concentrate from the vessel or sweep the
vessel with the feed flow. During the sweep process, it is a common practice to
pump the feed into the bottom of the membrane vessel and the plug flow
sweeps out of the concentrate from the top of the vessel.

We have found that it is beneficial to inject gas, typically air, into the
membrane vessel during part or whole of the sweeping period. The gas bubbles
formed in the vessel by injection of gas enhance the sweeping effect and the
backwash efficacy is thus improved.

According to another aspect, the present invention provides an improved
method of cleaning a membrane filtration system including the steps of providing
gas or gas bubbles within the membrane vessel during the sweep or drain down
of waste containing liquid from the vessel during or following a backwashing,
scouring and/or cleaning step; and applying a pressurized gas to the waste

containing liquid to assist removal of the waste containing liquid from the vessel.



At the end of backwash cl eaning, the concentrated backwash waste has to be
di scharged fromthe nodule. There are two comobn ways to di scharge the
backwash waste: drain down the concentrate fromthe vessel or sweep the
vessel with the feed flow During the sweep pPocess, it is a conmon
practice to punp the feed into the bottaom.of the nenbrane vessel and the
plug fl ow sweeps out of the concentrate fromthe top of the vessel. We

have found that itrhéswBENRS vk 8bralidh bNMRSENEAS frof)RE 08ddeY ca e parfidly t he
menbrane vessel during part or whole of the sweeping period. The gas

bubbl es for meg kiytiltggaeSth Y ligk BatheshelePRENGHRIBSA IRRIGS Weepi ng
ef fect and the backwash efficacy is thus inproved. According to

anot her aspecipackl@shirasehs pubheRlihQa bBEVAsHRsabedmpooyed met hod of
cl eaning a nmenbrane filtration systemincluding the steps of providing gas

or gas bubbles w bRdiRdbWA bYBREKtRREa ¥EEMBh EHd & didtBaRiREsacRivagh ai n down of

waste containing liquid fromthe vessel during or followm ng a backwashi ng,

scouring and/ Qfastd RS KMOMEMBRINedRIsAPRLIPIBteRIr AR AR dap @8BS pb& t he wast e
containing liquid to assist renoval of the waste containing liquid fromthe

vessel . - 7 -backwashldifciSgePinaghighly RoAssrdatcavate AN EERSIR M Mefvessalt he
vessel can be partially or fully integrated with the |iquid backwash step

(either a punpgd ihir@diathiPRCIVWAEE nRimbrBfeOasrepbig et cdhentiof filkatdavash
descri bed above). Drai n-down by gravity is a conmon net hod of
di schar gi ng bagkeasdsimpgbapd samadulss, RMPhamelly esisela laydrc lplieastdrai n- down
can result in poor backwash efficiency in that highly concentrated waste
may remain inthdBotis 5Ethe @Bskel si@diraihlown! Selvénal intphevdianéthaedesantie
recommencenent of filtration. In a systemusing groups of nodules, there
normal | y exi stusedtd Ryate ke impgdtiotlthaasmainiig Wwitte botiefiirafontpiecegessel after
drai n-down. Several inproved nethods can be used to reduce the inpact of
t he remai ni ng 1WasGas tavilitdted Hidin-o @b, OAt the @0é 95 backiaskantiagd ihjetidrest
drai n-down. At the end of backwash, continue injection of the scouring gas
into the feedvessrhinghibs mtsthatiéedgesséiwhilkashgiiag v ittie yad et valte Thwessur e of
the scouring gas helps to facilitate the drain down. Alternatively, a
pressuri zed gasessare dfichapgiuriag ghe htlpe td feeititatethe elraindowh e Afteredtivelyja t o
facilitate the drain down. 2) Dilute backwash waste. During a typical
backwash cycl g@regaszargas ¢canthesdpplied td tbe fhesl vedge ohltlee feadIsidego faxdlgateal s from
t he nmenbrane surface. The solids in the vessel can be partly drained first
prior to or ddne dgirtdevi.i qui d backwash of the nenbrane pores. Due to a
reduced volume of waste in the vessel, the concentration of solids is then
di | uted after 2)heDilutgadkveasbkvassd Reringoa yprhbzackpesmeadie; geormsiriogt to t he
feed side of the nenbrane nodules. In the final drain stage, even if an
i nconpl et e dr atartsdowlislaiyeuhss foulirgemateriald foonthemberalbriaoa swiféadel Mhelselideessel i s
di l uted when the vessel is re-filled with fresh feed water. 3) Flush of
wast e at the bhotteoressél cehdepagiyalraingdhérst priaito pnduringdkevbglid baddvasaof t he
bottom of the vessel can be flushed out by punping the

the membrane pores. Due to a reduced volume of waste in the vessel, the

concentration of solids is then diluted after the liquid backwash as more clean
permeate comes out to the feed side of the membrane modules. In the final
drain stage, even if an incomplete drain-down occurs, the solid concentration
within the vessel is diluted when the vessel is re-filled with fresh feed water.
3)  Flush of waste at the bottom of the vessel. The remaining backwash

waste at the bottom of the vessel can be flushed out by pumping the



- 8 - feed water rapidly through the vessel. The backwash waste can be
flushed out to the discharge or to the feed inlet and m xed with the fresh
feed. BRI EF DESCRI PTI ON OF THE DRAW NGS Preferred enbodi nents of the

i nvention will now be described, by way of exanple only, with reference to
t he acconpanyi ng draw ngs in which: -gkigure 1 is a schematic diagram of
t he six-nodul e nenbrane filtration bank enpl oyi ng an enbodi nent of the

i nvention; Figure 2 fé& @aﬁf%lpﬂwré@ﬁﬂﬁé@&%@ﬁﬁwd&f@@mmé&w&n peofile over

time; and Figures is a graph of resistance over tinme with and w thout

air injection duringushegi weehedisthargeririte-RiEBEMRORY/HINED with thElrebNVENTI ON
feed.

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 is a schematic diagram of the six-module membrane filtration
bank employing an embodiment of the invention;

Figure 2 is a graph of transmembrane pressure (TMP) profile over time;
and

Figure 3 is a graph of resistance over time with and without air injection
during the sweep step.
PREFERRED EMBODIMENTS OF THE INVENTION

Referring to Figure 1, the hollow fiber membrane modules 5 are mounted
in the pressure vessels 6 and the filtration flow is from the shell side into the
fiber lumens 7. Each of the modules 5 is connected to upper and lower
manifolds 8 and 8. The upper manifold 8 is used to remove permeate withdrawn
from the fiber lumens 7 during the filtration process. When the filtration process
is suspended for a cleaning cycle, the manifold 8, associated piping 9 and
lumens 7 remain filled with permeate. In this embodiment, a liquid backwash is
achieved by closing valve 10 and applying a pressurised gas, at a pressure
below the membrane bubble point, through valve 11 to the permeate to push the
permeate remaining in the manifold 8 and fiber lumens 7 through the membrane

pores to the shell side 12 and remove solids retained in the membrane pores.



Referring to Figure 1, the hollow fiber nenbrane nodules 5 are nounted in
the pressure vessels 6 and the filtration flowis fromthe shell side into
the fiber lumens 7. Each of the npbdules 5 is connected to upper and | ower
mani fol ds 8 and 9. The upper manifold 8 is us?d to renove perneate

w thdrawn fromthe fiber lunmens 7 duringgthe filtration process. Wen the
filtration process is suspended for a cleaning cycle, the manifold 8,
associ ated pi pi nginSorskalriphe fife filtratRmAInR Wads| dpethtdd &iilpRioREat 2 mindtdshi s
enbodi nent, a |iquid backwash is achieved by closing valve 10 and appl yi ng
a pressuri sed agashersdwihd 858 backwaeh proctbere"ERD badkevabh bRtecop@hsts t hr ough
valve 11 to the perneate to push the perneate remaining in the manifold 8
and fiber | ungsipwé: t hrough t he nmenbrane pores to the shell side 12 and
renove solids retained in the nenbrane pores. - 9 - I n one exanpl e,
the filtration ungtopvitatiop@nabest gis scoliirgadfitienfited medbbramasiireseand t hen
switched to a backwash procedure. The backwash protocol was as follows:
Stop filtration aaflersj=drscoghry foctdisédogdgfprédsaridedogds wandppiiaetrsoudraces.
After gas scouring for 15 seconds, pressurised gas was applied through

val ve 11 to t halvpdrire tiepembatbohshiBldd atca regglakaat @dsqurestarvend? barsdund 2
bars to push the perneate in a reverse direction back through the nenbrane
pores for 15 pastidspermeate iltalréwsse dirantien bigk thiveigh deumemgrane gobaxcionashi ng
were then swept out of the nodules 5 by punping the feed water through the
vessel s for 235secomtts. At the end of sweep, the gas pressure was rel eased
and filtration resuned Figure 2 shows the transnenbrane pressure (TMP)
profile over ti nmeSuvidshretnheediiinothe ssaringestl sckatsdiyy wailedhdn $wepd toubof
performance was steady with a slight drop in transnmenbrane pressure (TMP)
due to an i npiioyveddilesd byguepingubé faed watadthoagh tlue wrssel’ fa@di seeohds kwash
rocess.

g At the end of sweep, the gas pressure was released and filtration resumed

Figure 2 shows the transmembrane pressure (TMP) profile over time with
the above backwash strategy. The filtration performance was steady with a
slight drop in fransmembrane pressure (TMP) due to an improved feed water
quality, indicating an effective backwash process.

In a further example, the effectiveness of employing air during the sweep
was illustrated. In this example, eight cycles of sweeping solids from the vessel
were carried out with gas being injected into the vessel and followed by the next
eight cycles of sweeping without any gas injection. Figure 3 shows the
resistance change during the course of both forms of sweep. lt is clear that the
resistance of the membrane had a slight drop when air was injected during the
sweep, but started to climb when no air was supplied during the sweep.

The methods and apparatus according to the embodiments of the invention

desirably may include the following advantages but are not limited to



In a further exanple, the effectiveness of enploying air during the sweep
was illustrated. In this exanple, eight cycles of sweeping solids fromthe
vessel were carried out with gas being injected into the vessel and

foll owed by the next eight cycles of sweeping®ithout any gas injection.
Figure 3 shows the resistance change durigng the course of both forns of
sweep. It is clear that the resistance of the nenbrane had a slight drop
when air was i1pj eEliihathy theGatheasthvieerp ardtank haltding thd pereddatdfowhen no ai r

was supplied during the sweep. The net hods and apparatus according to
t he enbodi nentackfadhhe i nvention desirably may include the foll ow ng
advant ages but are not limted to - 10 - 1) Elimnating the backwash punp

and tank hol di2hg Ube opepresalirizetl gas loas kasiylkchiedy adhert dliradiopotadit-i zed gas
can easily achieve a short duration of "back-pulse" that cannot be

econom cal |y puletiratcinnoteaasonamicallpaopizvedd)y meshscefch pumpyi d backwash
waste; 4) Low energy operation; and 5) Applying negative transnmenbrane
pressure (TMPR)i sReduieddineidtbatkwaghphastel gas pressure at all points of the
menbrane if the lunens are totally enptied of |iquid. It wll be
appreci ated tHat Lowehenyepbatomemts and exenplifications of the invention
are possible without departing fromthe spirit or scope of the invention
descri bed. 5)  Applying negative transmembrane pressure (TMP) is equivalent to applied

gas pressure at all points of the membrane if the lumens are totally emptied of
liquid.

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.



CLAIMS: 1. A nethod of cleaning a menbrane filtration systemincluding the
steps of: provi ding gas or gas bubbles within a vessel containing the
menbranes during a sweep or drain down of waste containing liquid fromthe
vessel during or follow ng a backwashi ng, scouring and/or cleaning step;
and applying a pressurized gas to the-wastfe containing liquid to

assi st renoval of the waste containing liquid fromthe vessel, wher ei n
the sweep or dTlAIMSIown step is partially or fully perforned with a liquid
backwash step, the |iquid backwash step including applying gas at bel ow the
bubbl e poi nt of. t Aemeathotd vhclesninga membirahepfiitratimt systent intindinb ¢hesstepeoft and

| umens of the nenbranes to affect a discharge of at |east sone of the

i quid perneate i prdvivind gasesrsak bubbigh withie anwsbel anetaitdld the hendracksce sai d
l'iquid backwash. 2. A nethod according to claim1l wherein the sweep or
drai n down st ejuring gosavdepalr dyainpéoviroofmeastevcoitainimg liguid dioth thacksset dusigep and a
further sweep or drain down step is perfornmed follow ng the liquid backwash
step. 3. A nuirliadtbvdrgrabadkegshiog cdealminglarad/orodlesningstemainddi ng a step of
flushing waste containing liquid fromthe vessel using feed liquid. 4. A
met hod accor di ng wpplyingiapréssitibat gast todhé wasts chetaining ldeslctoidseidt refrokial
reference to any one of the enbodi nents of the invention illustrated in the
acconpanyi ng drfdlve wgsteandtamingdiqaidgtons the vessel,

wherein the sweep or drain down step is partially or fully performed with a
liquid backwash step, the liquid backwash step including applying gas at below
the bubble point of the membranes to liquid permeate within the system and
lumens of the membranes to affect a discharge of at least some of the liquid
permeate in the lumens through the membrane walls to produce said liquid
backwash.

2. A method according to claim 1 wherein the sweep or drain down step is
partially performed with the liquid backwash step and a further sweep or drain
down step is performed following the liquid backwash step.

3. A method according to claim 1 or claim 2 including a step of flushing waste
containing liquid from the vessel using feed liquid.

4, A method according to claim 1 substantially as herein described with
reference to any one of the embodiments of the invention illustrated in the

accompanying drawings and/or examples.



