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systens and nore particularly to inproved nethods and
apparatus for cleaning the nenbranes used in such
systens. BACKGROUND OF THE | NVENTI ON Menbr ane cl eani ng
is a key step to the success of any nenbrane
filtration 10 process. Wthout regul ar cleaning the
menbr anes becone clogged with inpurities and

e tual |y i ratl ( fferent physical nenbrane

cf e MR B BT o O CTR A RS S e BRANEN OBRAES
A sunnakﬁaof sonme typical nethods is described bel ow

1 TESHINKAI §Iteldbr anes wi t h gas bubbl es. This nethod
was first published 15 by Yanmanoto et al. (Wter

Sci enThe Trebsart ingantioviolelat@s tp agrabradeSiratichie?3ysiédfls and more
has been widely used in the |ow pressure filtration
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renoves foull ng materi als ont rane surrtace,

d9§§d liH %&@siﬁﬁagﬁuce the fouling in the nenbrane

por es. a or back pul sing nethod. This nethod

u rsed._f f uid through the nenbrane
pgmgﬁé@éﬁﬁj’%’”ﬁ‘éﬁl\ﬁﬂﬁ terials therefrom

Either gas or liquid can be used as a fluid in the

r ever Memrera:pieaning issa key skebia iecsticapps of any orembrane filiration
WD 03/ 059495, Bartels et al describe a backwash

t prdvesgudVitharteegblar bleianing thelraemteaesbesoraelogged with
pressurized with a gas on a feed side at a specified
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methods is described below.
1. Scrubbing membranes with gas bubbles. This method was first published
by Yamamoto et al. (Water Science Technology, Vol. 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

gas on a feed side at a specified time during the backwash. They describe the



To carry out a liquid backwash, typically a liquid
punp and a liquid holding tank are required. The punp
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the normal filtration flow through the nenbrane pores
to clean accunulated solids amd. inpurities fromthe
menbranes pores. In a pressurized nenbrane filtration

, | .
ToREFER e e R TR R AP ot, FeinBRe oMy fobGftts from
c nnﬁcm .Eo a nifold or other simlar piping
afhenglavfiper MemIeNgs- for i nfl ow of feed and renoval
of filtrate/perneate. io At the end of filtration
per i od©O aanly qtirevliciid beekweah dypically adiguichpumransha éiquid holding
mani fold remain filled with perneate. DI SCLOSURE OF
THinK aMeERGLIDRY . TTiee puatedélivieny apenmeatefibw ih @ reekseldirection to
of such perneate remaining in the manifold and in the

MEHEDRSIMES TtPRIBH BAR thielBA tRE ndAbMRESSIreB b Yt addumulated

menbranes and perneate 'n the case of inside-out
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| SoAdE5A Mo AOHIE8 oo 4R lhsyrized membrane
pr.ovi.des an inpr.oved . met hod of. backwashi n nenbrane, . .

F ittgn sicss Him S RiToge 2RgIatkes, (a6 Weltgmembrane fitration
pernmeate remaining present in the system when the o

f Bystery ithm mManpiase meddlesfse gonoeetedje &/ maaifpldqgr athewsimilar
backwashi ng t he nenbrane pores during a backwashi ng

p pipirgs arrafgeientitd providepfos érdflow ebfdedeaend sereoval of Girate/permeate.
push the remai ni ng perneate through the nenbrane

P ffe End bNfltiaEen WReBUNthediehiRan® gbfrﬂééﬁa sit®and the permeate
2005/ 028085 PCT/ AU2004/ 001251 -3 Preferably, the

pm[freqﬁaiﬁzmgggﬁﬁg&lrﬁ@ﬂeto t he perneate shoul d be

less than 't I'e”point of the menbrane so that

SRR TRE O S N RTION e "or csent | nvent i on

provi %ﬁg p?esrgenttl?r?\;jenct)ifon 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
liquid 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.



5 filtering solids froma |liquid suspension

conprising: (i) providing a pressure differenti al
w@erssssoshe wal | s of perneabl e, hol | ow menbr anB&T/AU2004/001251

imersed in the |iquid suspension, said liquid

suspensi on being applied to tlge. outer surface of the

porous hol | ow nmenbranes to induce and sustain

[11 €1 PriReHiRUBReddife BRI 8B5S oBlibe t% birfhect® shBlid be less

sonme o ‘iqui d suspenS|o es t
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the solids are retained on or in the hoIIow menbr anes
oMemENRiPECSs suspended solids within the liquid
surroundi ng the menbranes, (ii) periodically

backwAstdnling toeanmther aspeqgh the prassinh inviehtiop erovdés a method of
remaining within the lumens by applying a gas at a

5 pfilesring solidie! from tehikyuid s gensien Bomippisigk d |1 qui d

perneate to displace at |east sonme of the |iquid

per ”eﬁl ng Fd“vidin%%eprlsgmsdlff&r gghaé)rja@s rﬁ‘?éTWa Q%}‘] Bgfrﬁgable,

r esul reno the soll retaine

f%'H"@ﬂ%?a%%ﬁegif“B{)eiﬁéﬁ i lA? 1-Rgensiod. i Do ySpension

Refina arRke e Ovley sHEagS of t“éo%ﬁéb%ugivdﬁiéﬁé‘ﬁé&q duce
t he inner surface of the perneable holl ow nenbranes
t and gusien Hliratiemthraugh the membramnet waltuwhetdin: 25
menbrane wal | s wherein: WO 2005/ 028085
10 PCT/ Ad3004/ rhe ot e lduid 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
15 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
20 retained on or in the hollow membranes. A method of filtering solids from a liquid
suspension comprising:

(i) 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

25 membrane walls wherein:



(a) sonme of the liquid suspension passes through the
wal | s of the nenbranes to be drawn of f as perneate

wo c@sedoes out er surface of said menbranes, aneCT/Ay20u/001251

| east sonme of the solids are retained on or in the

hol | ow nenbranes or otherw se-as suspended solids

within the nenbranes, (ii) stopping or suspending the
filtratyon T (T |- j

rerbr (e porgd g the ol slerkirt asdes WGP Wal< 6 the
suspension of the filtration process b | yi a _gas

ot ho o pr SaeibEaian Bk HENTRRRS Rameets Fodkfi SutdSurtace of
l'iquid perneate to displace at |east sone of the

liquid per nsa@itmemyagas:3 nenbr ane pores resul ting

in renoval of the solids retained on or in the hollow
menbr dmes. At teaslisome of thesolids ases petainedt dreopinethertiollow
invention provides a method of filtering solids from

a |iquid sugRembidtits dr gthéiviisé akistRBpanaes SbidsWithini the:

15 (i) providing a pressure differential across the

wal | s of pernﬁl@'? hol | ow nenbranes having a |liquid
suspensi on app Pteag"etsb the inner surface of the

permeahl e hol | ow nmenbranes.to, i nduce and sustain
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some of the |iquid suspensiqn passes through the walls

of t h&lipo mPepPdisally Pacikhuashingthe menkrasenargs tsingdhe permeate
the outer surface of said nenbranes, and (b) at | east
soemaining biesthie sisspenesionaafdheflirationgrocess by applyinga gas at a
menbr anes or otherw se as suspended solids within the
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filtration process;
some of the liquid permeate through the membrane pores resuilting 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 quuid suspension in a filtration system comprising:

)] providing a pressure differential across the walls of permeable,
hollow membranes having a quuid suspension applied to the inner surface of the
permeable 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 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;
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backwashi ng t he nenbrane pores using the perneate
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filtration process by applying a gas at a pressure
bel ow t he bubble point to saidgiquid perneate to
di spl ace at |east sone of the |iquid perneate through

th j i he.

Sol | ASTF ef ap eoguRaIy Batkiotiing By piBIERle freb tRing the permeate
Pr ef | v, ] t ackwashi ng s e.solids are ,
SO ot et e RRE R 3 B RaT procesSbY appiying
menbranes. Preferably, perneate remaining. in

afAdas &3 REessUEnbalovnie Buhble poiné feisaid liquid pemgeatedo displace at
the like may al so be used in addition to that in the

migdast aomel afitbadiquidopersneates thnoughdiie bearkbesie porgsirdsulting in
Where insufficient perneate volune for backwash is

avernbwdl of the eoliddastainedWrtesin the holloWahemibagings, or
reservoir may be provided in the perneate flow

circu n : V,
or Do e R P R o G into the
n I re, used in a bank and connect ed
tgmgq{qu{%&?‘f@gaft@é%rﬁ?rﬁnﬁﬁti ng feed and renoving

per ne t?, ttﬁ]b? ress%lri zed. gas, may , be introduced_ into

the narfPEIRY. dermeate ERaiing peaciares susas menifolds, headers,
perneate in the manifold can also be utilized for

beikwkand thenlikehmay=also be usetliin edditioorioghatiatbe mémbeane lumens

perneate is taken from both ends of the nenbrane

maslal sourcéef hackwastslivdd b ¥theredhsuficichEpsrhesteamlife for
apply to the either end only of the 20 nenbrane
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on the requirenment. According to another aspect t
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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
the manifold can also be utilized for backwash. In the case of a filtration process
where permeate is taken from both ends of the membrane module, the gas
pushed backwash can be selected to apply to the either end only of the
membrane modules, or to both ends at the same time, depending on the
requirement.

According to another aspect the present invention provides a filtration
system for removing fine solids from a liquid suspension comprising:

(i) a vessel for containing said liquid suspension;

(i) a plurality of permeable, hollow membranes within the vessel;
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across walls of said nenbranes such that sone of the
l'i qui d suspensi on passes through the walls of the
menbranes to be drawn off as perneate; (iv) neans for

wi t hdr.awi ng : r o .
reansDor aPEEg G/ o e Bl AERnianFerosp il of said
point. to the |iquid pe te.within the system an

P RshraBe sbch dhahiomed S Iediduid Sugpdhsicl pa¥ies rdidhthe walls of
some of the liquid perneate in the |unens through the
niieomentoraaes to be doawn efies BEYMeRIPi ds ret ai ned therein

and di splace the renoved solids into the liquid

suspe(ig) on meansfadwitbdtawingpebmaatssfromhtha emeranes; and
backwash procedure using the inproved nethod may

invol kg a ﬁwéhgrfopépﬂwng%aé@l?aﬁﬁéés@% BéloW §RSbubble point to the
Filtering-down of feed' |level within the feed vessel

ugl L On: § I ;
ST TRl g sycfn S (8 LIRS AR o
past, the nenbr ane rfaces: Backwashi ng the

aRGhaRe ofRER SorfSaf e LT betBSA R e Hiyhdfe tumyoh the
in the systemin_a reverse direction to the nornal

f merbrengwalisdq disipdag any selidsestsingddhpesie @nd displace the

Di schargi ng of backwash waste by sweep, drain-down or
byeraovexksolmisdnicihedioquidi spsperesion surreanding ithe ménstamege
backwash waste; Refilling the nenbrane vessel, venting

gas oA dqdnﬁrélﬂfamabsm’drdeem usirgp thd intprovéd rridthed maitinvolve a
the end of backwash cl eaning, the concentrated
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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;

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
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process, it is a common practice to punp the feed
into the bottom of the nenbraney vessel and the plug
flow sweeps out of the concentrate fromthe top of

t DEsef St the\ied %ﬁ/l. oWy fﬂéaéwé‘%% ig?%éé%%ﬁ@ i€5%onifon practice to

infect gas, typically air, 1nto rane vessel

durin r{ or ol e weepi n eriod. e gas
olieBTees g R b B etk Besesh 2he 1S olEnow
enhance the sweeping effect and the backwash efficacy

i SWeRRs ophpf thesepncaptrgiairorny the tapef the vessedct, the
present invention provides an inproved nethod of

cl eanWsghaverfounddhat itid bereficial teysjeengas)dypidalhgair,lieto the
step of providing io gas or gas bubbles within the

neishiraacvessel duting peart thh@Vé?@Ptr@fsWé@diﬁ? #erbd oThe gas bubbles
concentrate fromthe vessel during or follTow ng a

RS S ) Rctign of Bas EnFRLb e S iRepilbtiect and the

c arti al | : |y jntegrated with the liquid
Bl %‘ﬁ"&%@é?ﬁéﬂ’;‘ﬁbﬁ’éﬁped liquid 15 backwash or

t he S shed Iiqui d backwash descri bed above). ]

Dr ai %B‘H%H'Q%/tog@%ﬂh%a%e%%émwwﬂmmfPFOVl)deS an improved
di schargi ng backwash waste fromthe nmenbrane vessel

| mednsl ef deaniagra aembreae filteation systemdocludingdhestdp of providing

efficiency in that highly concentrated waste may

r gamongas bubblegesitiih theamdnirameivaissblyduring el swéed or drain down
menbr anes on recomrencenent of filtration. In a 20

SofdcHBeHiratIfrEPIBS 35N MHHEST BRIy @g?eghéyrvggjs %fo%ring

a layer of liquid waste at "the bottom

%i(ggggfeghgpg%gphe%veral i nproved met hods can be

to redl i mpact of the remaining waste on
. S BB oo LAt e Yo Al B pariay
scouring gas into the feed vessel while shutting off
t orfully éntegrated withedhe figeid backwash step (either a pumped liquid
backwash or the gas pushed liquid backwash described above).

Drain-down by gravity is a common method of discharging backwash
waste from the membrane vessel. Incomplete drain-down can result in poor
backwash efficiency in that highly concentrated waste may remain in the vessel
and immediately re-foul the membranes on recommencement of filtration. In a
system using groups of modules, there normally exists a layer of liquid waste at
the bottom of the vessel after drain-down. Several improved methods can be
used to reduce the impact of the remaining waste on the filtration process.

1)  Gas facilitated drain-down. At the end of backwash, continue injection of

the scouring gas into the feed vessel while shutting off the gas vent valve. The

pressure of the scouring gas helps to facilitate the drain down. Alternatively, a



25 pressure of the scouring gas helps to facilitate
the drain down. Alternatively, a W 2005/ 028085
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to the feed vessel on the feed side to facilitate the
drain down. 2) Dilute backwash gwaste. During a typical
backvvash cycle, gas scouring starts to dislodge the

T s T e

pr| or to.or during the |liquid backwash of the nenbrane

p fallP@Who a reduced vol une of waste in the vessel,

the concentration of solids is then diluted after t he

| 2hui Bilviedraeerashwastiee Ruringa typieatd@ckweashwycleugas scouring
the feed side of the nenbrane nodules. In the final

dsfairts tetdigledge Henfdulingmatedalsiftarh éhd naembrmesurtae. The solids in
the solid concentration 1o within the vessel is

d‘cHeU\k%ieY‘Gﬁﬁ‘ bb'l?arﬂf dpfhed first ribk td Sldd%ﬁ@tﬁé E(Z'hd fb%%ﬂwash of the

wat er . wast e at the bottomof vessel
Ey%rlﬁ%ﬂ h?gioggsb e B3 sy ol @gmg%&ém (yes8) she

I T
¢ SR ot SO et Bter Be D BAGYSHLES M clean

mxed wth the fresh 15 feed. BRI EF DESCRI PTI ON OF ]
TrEmIEHRIaeE ot torthedeedibislgi ofdhe snembrane medulesi bnthe final

will now be described, by way of exanple only, with
r dfzim stage, eveh liftarahcomphetyidrginddawmn ogsuis) thvhsolid concentration
Figure 1 is a schematic diagram of the six-nodul e

NRAtRINAAE VieskEl igtdiltfed wheh @k vesad] &y td il e watRFRdhrfesd water.
of the invention; Figure 2 is a graph of transnenbrane

pr essur

S BB gt bt M A By baciasn

I nJ ecti onastcgI At I’:ﬁ‘eq boHom orthe vess«ﬁ can be flushed out by pumping the
feed water rapidly through the vessel. The backwash waste can be
flushed out to the discharge or to the feed inlet and mixed with the fresh

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
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the pressure vessels 6 and the filtration flowis from
the shell side into the fiber Junens 7. Each of the
nodul es 5 is connected to upper and | ower nmanifolds 8

and 9 | IS r t

w t haratad A g PR ﬁ%ﬁpﬁo%?usé?ﬁ%"é'ﬁoﬁ*ﬁg’m%fﬁ@%g 8 8¢ Mounted
flltratlon roces When the filt J roce '

s listherRreasyrs rve§s€ée%ﬁﬂﬂdh%§)§ﬁaé‘°ntf{9 isdforh aive shell side into the
associ at ed pi 9 and lunmens 7 remain filled with
péberiamens| f Eacb of theoaiogdeitas, 5 is connactediecuprerandlower

achi eved by cl osing valve 10 and applying a

phestoldss®dnd @5, Tl uﬁp@rr e2sifold 8 isaismd thentersemteate withdrawn
bubbl e point, through valve 11 to the perneate to push

8 ﬁeﬁ‘ﬁfe’%@né 7’mirﬁ'ld"'l%e' fikratish pryeks) Wﬁer’?‘ﬂﬂa flltrﬁﬁén process

1urrens 7 through the nenbrane pores to the shell sid
|15 SRDeDORR 15 Cleaiing Fie %@%M%"?E%%@%% 5@@@ 9 and

f |tration for nj,nut es en s

%’P@Ebfé}f?rde With perpge '§‘H’ Eredpﬁ"e@ opgsa ﬁgu'd backwash is
foIIovvs 15 Stop filtration and start gas scouring of
t Behieve by elosingMalve (G ard applyima @ pregssirised @eisngt 8 pressure
15 seconds, pressurised gas was applied through valve
1below ﬂhleansmhmm bubhblel gaiht] tiroagh ¥alvegid i the peressate ¢o push the
of around 2 bars to push the perneate in a reverse

dpéﬁﬁéa@rrehmoﬂﬁn?hﬁ tHeanifeld® sha dmer RAKETs ?ohroulﬁ. the membrane
seconds. 20 Sol'ids renoved by the scouring and

EBJ@’%@B%%%}Q@ Eiet )f? Bna mov@‘éto! ﬁé retbn%dqﬂqff'lé ?ﬁ%@b@he pores.

plnpi ng rou h e vessel s
secon At t

" of onttone Raipfe, FiS f'@'fot'?ﬂ@@ﬁ S Bpiitad st ﬁﬁa@egn_v*’arézo minutes

transmenbr ane pressure rof| | e over time wt
t Ad &mﬁwﬁawoﬁ&% ask\a@s@prooﬂo@ro i The bacigrash protocol was as

performance was steady with a
follows:

Stop filtration and start gas scouring of the fiber membrane surfaces.

After gas scouring for 15 seconds, pressurised gas was applied through
valve 11 to the permeate manifold 8 at a regulated pressure of around 2 bars to
push the permeate in a reverse direction back through the membrane pores for
15 seconds.

Solids removed by the scouring and backwashing were then swept out of
the modules 5 by pumping the feed water through the vessels for 25 seconds.

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
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process. In a further exanple, the effectiveness of
enploying air during the sweepigwas illustrated. In
this exanple, eight cycles of sweepi ng soI i ds from t he

v

! S0 oroB A EaBr R R Blie Mbattrby THRD LS e PhEVEd sped water
of syee W t hou n ection. Fi gure 3 shows
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of sweep is clear that the resistance of the

menbr éme fudberaemmnlm ther effectiveneas of aapIoViIN@air gliring the sweep
during the sweep, but started to clinb when no air
wasssillpgtrated. dthisexbinple wigint. cytfesTdfeswadpiogl solidelirom the vessel
apparatus according to the enmbodi nents of the

| RECafibd daBhitRBhY b@ﬁig infisdted i?htb k!I‘i’e f/@ééé?\é‘nﬂqollowed by the next
advantages but ar& not [Nnited to 1 ) Elimnating t

%@ﬁ@’%ﬁ(ﬁleg g{f@@%ﬂ hh&?tj %f@aé nffetﬁﬁhnqﬁ}bt?reff Fhows the

a press gas can eas

achi.eve ort duratjon of se

c ipRistenga <Daghe AHRBIe Gefisedibal) el Y e Bﬁwpc'e%'jthat the
Reduced |i quid backwash waste; 4) Low energ

ofRsisianen of frimembepeiads slightdrop wheéh@ﬁmaﬁrlalﬁéted during the
pressure (TIVIP) is equivalent to applied gas

pseeepr bubstaeed tpolimbawvién nbaimead sapplied durtirg thenswsep.

are totally enptied of 20 liquid. It will be
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]l} Eliminating the backwash pump and tank holding the permeate for

backwash;
2) Use of a pressurized gas can easily achieve a short duration of “back-
pulse” that cannot be economically achieved by means of a pump;
3) Reduced liquid backwash waste;
4) Low energy operation; and
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 backwashi ng a nenbrane
filtration systemincluding the step of using
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filtration process is stopped to provide liquid for
backwashi ng t he nenbrane poreslguring a 5 backwashi ng
process. 2. A nethod of backwashi ng a nenbrane
ftii¥§ﬁ§_on system according to claim 1, including the
S using a pressurized gas to push the renaining

rme t hr ouygh t he nbr ane pore
pickmggﬁpﬂ@doqf%quwggprﬁgﬁggam@%ng ﬁgg sygﬁiem including the step
backwashi ng a nenbrane filtrati on system according to
cbhusingiperneaithesnariningrregeekinithe systenhwheadhedifration process is
to the perneate is | ess than the bubble point of the

metappad o provitatiqlideoy backivashing the arerhiviaine pores during a
menbrane pores. 4. A nethod of filtering solids froma

I bSéR\ﬁa%ﬁg p@éé;gg- including: (i) providing a pressure
differential across the walls of perneable, 15 hollow
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ofhreugh the:membrese Peoreeduringhaskwaghing of thexmembreneshe
hol | ow nenbrane |unens, and (b) at |east sone of the
s8li dA rae‘dnodemfajamGWaehingra menmbrankdiltraton systémaacesrding to claim
ot herwi se as suspended solids within the liquid
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4. A method of filtering solids from a liquid suspension including:

(i) 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 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 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 a gas at a pressure below the bubble



-12 point to said liquid perneate to displace at | east
sone of the liquid perneate wthin the | unens through
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retained on or in the hollow nenbranes. 5. A nethod of
filtering solids froma |iquidizuspension according to
claim4 5 wherein during the backwashing step the
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f.rﬂ@quq@n%mﬁ@hql@w ﬁ'elmbjanassuspeny on according to
claim6 wherein the volune of bulk liquid is reduced

by. sudpmethiothobiiltering smlide frosaiadiquid suspbrsisrpecsording to claim 4
while continuing to provide a pressure differenti al
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fromthe nmenbranes. 8. A nethod of filtering solid
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clal s g the step of renobving at |east

part ont ai.ni ng t he renoved
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according to any one of clains 4 to 8 including using

pbeaiesashing®iemi ng in ancillaries such as 20
mani fol ds, headers, piping and the like in addition to

t Aat Armeﬂmdmﬂﬁlteamg solidgfom adigaidssuspensiin &ssokiagho claim 6
liquid. 10. A nethod of filteri ng solids froma liquid
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differential across the wal
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oﬁsaid membranes and draw of permeate from the membranes.
8. A method of filtering solids from a liquid suspension according to any one
of claims 5 to 7 including the step of removing at least part of the bulk liquid
containing the removed solids by a sweep, drain-down or by4a feed and bleed
process to at least partially discharge the bulk liquid.
9. A method of filtering solids from a liquid suspension according to any one
of claims 4 to 8 including using permeate remaining in ancillaries such as
manifolds, headers, piping and the like in addition to that in the membrane
lumens as a source of backwash liquid.
10. A method of filtering solids from a liquid suspension comprising:
(i) providing a pressure differential across the walls of permeable,

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



per meabl e hol | ow nenbranes to i nduce and sustain
filtration through the nenbrane walls wherein: (a)
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of the nenbranes to be drawn off as perneate fromthe
outer surface of 5 said nenbrgnes, and (b) at | east
sone of the solids are retained on or in the hollow
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process; 10 (ii] eriodi cal ly backwashi ng the
nﬂ?ﬁf?érr?é‘ep‘e‘?@%wbéfﬁﬁ' the perneate renmining after the
suspension of the filtration process by applying a gas
at a (Pressspaeei e ligyid %mﬂﬁn@qsbpaﬁsqsdhwg)il ﬂhieqfualg of the
perneate to displace at | east sonme of the liquid

per neat e t hmeaerghbrares tohedrans @i as permeatd from the outer surface of
renoval of the solids retained on or in the holl ow

menbr anes. aidldhenfbragéfiathddf filtering solids froma
l'i quid suspension according to any one of claim4 to

10 1 nbdi Gt RERY SHaCAnG UoliChr RATREE & of AREHRlIow
in a pérneate ow circulrt to Irncrease the anmount 0
perneate avail aple for ckwashing when . filtration is
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froma liquid suspension according to any one 20 of

clainms 4 tomembkahesdi ng the further step of scouring

of menbrane surfaces by flow ng gas bubbles past the

menbr fie sustopping onsuspending thet filvaticly pranaskpr

removing fine solids froma |iquid suspension

conpr (i) ng: peripdiealebackwashing (e miemtanedotes usiigtthe permeate
suspension; 25 (ii) a plurality of perneable, hollow

gFgTF?éA%Z 21;0%% tgﬁggklds%rll%ﬁﬁ%ﬁ khe WiaEBAHOSEXBBY 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.

11. A method of filtering solids from a liquid suspension according to any one
of claim 4 to 10 including providing a further chamber or reservoir in a permeate
flow circuit to increase the amount of permeate available for backwashing when
filtration is stopped or suspended.
12. A method of filtering solids from a liquid suspension according to any one
of claims 4 to 11 including the further step of scouring of membrane surfaces by
flowing gas bubbles past the membrane surfaces.
13. A filtration system for removing fine solids from a liquid suspension
comprising:

(i) 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 nenbranes such that sone of the
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menbranes to be drawn off as perneate; (iv) neans for
wi t hdrawi ng perneate fromthe.mgnbranes; and 5 (v)
means for applying gas at a pressure bel ow the bubbl e
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filtration systemaccording to claim13 wherein said
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and the nenbrane nodul es are wused in a bank and

connegy)ed t endarisRfor bppRifgP§asbbhpPréskure Heldwithélbubble point to the
suspension to and renoving perneate fromthe system
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i mﬁfﬂ’a'i’aﬁ% Wﬂ‘@a‘iﬁ’sd'ﬁled%&"é/e%é'ag reiginaskthereiniang; displace the
suspension in the vessel before the backwash so as to

r iemeved gelidsinkavhishliquid suspension sugoundingAhé inhembtanes.
system according to claim 16 wherein the vol une of

| nqui A filsataesystom actordiagite thdm 13 wheskinadidhembranes are
suspending flow of feed to the feed vessel while
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walls of said nenbranes and w t hdrawa per nea
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15. Afiltration system according to claim 14 wherein the gas is introduced into
the manifold of the bank of modules so that permeate within the manifold is
utilized for backwash.
16. A filtration system according to any 6ne of claims 13 to 15 further including
means to reduce the volume of liquid suspension in the vessel before the
backwash so as to reduce the backwash waste volume.
17. Afiltration system according to claim 16 wherein the volume of liquid
suspension in the vessel is reduced by suspending flow of feed to the feed
vessel while continuing to provide a pressure differential across walls of said
membranes and withdrawal of permeate from the membranes.

18. Afiltration system according to claim 17 wherein the pressure differential

across walls of said membranes is obtained by application of a pressurized gas.



19. A nmethod of cleaning a nenbrane filtration system
i ncluding the step of providing gas or gas bubbl es
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sweep or drain down of waste containing liquid from
the vessel during or follow ngsa backwashing,
scouring and/or cleaning step. 5 20. A nethod

g Py 6t Aodhibd Ebrans M P & HimIh AL reHe step o
backwgsh step. 21 met hod according . to.claim19 or20 X
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the waste containing liquid to assist renoval of the

| iswigiep arrdrain down pévwaste corfairing Jiquidifrard the vesssl elyiring or

claim 21 wherein the sweep or drain down step is

péoltavdhg v ipecidnersiird), scobrindgentionwlebrivag ktepsh st ep and
a further sweep or drain step is perfornmed follow ng

U be. | ingiethdtRakamsaingXb@ifain? $9 wheBintAE sirsepy f dHairPddwn step is

one of clains 19 to 22 including a step of flushing
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21. A method according to claim 19 or 20 including the step of applying a
pressurized gas to the waste containing liquid to assist removal of the liquid from
the vessel.
22. A method according to claim 21 wherein the sweep or drain down step is
partially performed with the liquid backwash step and a further sweep or drain
step is performed following the liquid backwash step.

23. A method according any one of claims 19 to 22 including a step of flushing

waste containing liquid from the vessel using feed liquid.



