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The present invention relates to nmenbrane filtrations
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 menbrane
filtration 1o process. Wthout regul ar cleaning the

renfyraBes | . . L4
event ugl W [ nopeP;tli v”e. B)| }%g:rLErWN%M@@B%%MQQULES

cl p! t eqi es have been proposed and publi shed.

A m@y@ typical nethods is described bel ow

1. Scrubbing nenbranes with gas bubbles. This method

Swas fi FBe ppregsntdnentiongelafesrinmenimane fitthationdétystems and more
Sci ence ‘Technol ogy, Vol. 2, pages 43-54; 1989) and

hapaitiieefariyito éhproeemethodiendoap prra & BUoe cfdantPheMembranes
processes. The shear force created by gas bubbl es

r eeEm JuekldyRe et erials on the menbr ane surface, but
does little to reduce the fouling in the nenbrane

p | sing nmethod. This nethod
uggégﬁggﬁgﬁfsﬁlmm uid through the nenbrane
por eslj\},o gi sl odlge of fouli ng% materials therefrom
( Ei t herV'JREHIE FIEGUING 18 arrayester & thessucqasgiaf any membrane filtration
reverse backwash. In a PCT Published Application No.
10 wWoreepsgs Y disouBggulirsiaaning theemenitrenea bbackeastgged with
t echni que where the holl ow fi ber nenbranes are :

pirepsiiffesz] wi¢itually Bapeedtiva. fBiEBrt¢hySlcaPriapfsiahbbani
time during the backwash. They descri(é@g the WO Ybaning

2002c0RBA¥Y HSdd =R Pperi gdi _such.
bac kvvgsh to eff e@?@@#@@%@g?ﬁﬁ@l ﬁg%ﬁn?ﬁ§§é"§ﬁ¥mca!
t etiiRls iQWebLRELd BRI anes-
1. Scrubbing membranes with gas bubblés. This method was first pub!is-h‘ed
15 by Yamamoto et al. (Water Science Technology, Vol. 2, pages 43-54; 1989) and

has been widely used in the low-pressure fiftration 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. Tﬁis method uses a reversed flow.of
20 fluid through the mémbrane 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
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To carry out a liquid backwash, typically a liquid
wonmsangsa |1 quid holding tank are required. pOTRAUROMDO1251
delivers a perneate flowin a reverse direction to s

the normal filtration rowthroggh t he nmenbrane pores

to clean accunul ated solids and Inpurities fromthe
nmenbr.anes pores. pressurized nenbrane filtration

pr BEERA(C Usk;iaf sief @lap&waﬁw% SHAGIEIARTBRYE TOMIIRY {cppineaents from
menbrane filtration system the nenbrane nodul es are

c otireelodlledv filberamembrfiedsl or other simlar piping
arrangenent to provide for inflow of feed and renoval

of fil¥tsahriRekBBRALR bhSusH, Mhieal Lfiqdit|pfundd beA a liquid holding

period, the menbrane per meat € si de and the perneate

T SR T B e85 o P PR Egpoton

of  such e _remining, in the mani fold and in th
S hRTHEGT (WEaDR SRE TN e IRTEvads 8P RO g Baaimilated
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nenbranes and perneate in the case of inside-out
f isdidaeindrilpasities foor the membraneg pardsabkadasassurized membrane
According to one aspect, the present invention

pritivatitespr@sessihieveduira® hivrd pillodeswashtypicah nrenbreasdiltration
filtration systemincluding the step of using

%fy&?e% &he SRBBIME Bﬁﬁﬁ%&taﬁegzohﬁécéﬁstb% ﬁB!dtcﬂeothefar similar

fiftration process is stopped 20 to provi I'i quid

b%ﬁh@@ éﬂ’aﬁggrﬁﬂgﬁggc?%vgd‘ep;ogggﬁ gf’{?e rﬁj tbe J%@g;}% r%te/permeate.

p the, r i ni ng perngate throuhthe

p%{?&e 8 P14 UBAER ReSiEnreomertaRe REFRREE Sgeendine permeate
2005/ 028085 PCT/ AU2004/ 001251 -3 Preferably, the
prag¥oldereatain fided adthapgmiesatet o the perneate shoul d be

| ess- than the bubble point of the nmenbrane so that

t DESQROSURIP QF PHECINAENTIONO nmenbrane pores.
Accordi ng to anot her aspect the present invention
Provi &S pieddRt MenAbn 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 ﬁftraﬁon) 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.



~filtration through the nenbr
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5 filtering solids froma |liquid suspension

JEMHO542%98> (f) providing a pressure different PEI/ATU2004/001251
across the walls of perneable, hollow nmenbranes

imrersed in the |liquid suspensioes,- said |iquid

suspensi on being applied to the outer surface of the

porous bedéawyTeEDERReSd &F ﬂh%‘%}éﬁ‘semaﬂﬁpﬂ%ﬁ V@‘{ﬁé ?%Hni%te (saflx)ould be less

ere

SO f L. QU ensi pn passges ,through the walls
of Al ind, B0 A FREREILERABRES Tt ok B Pehit sidneiate into
hol | ow nenbrane | unens, and (b) at |east sone of the

sol @R PYE8i ned on or in the hollow mnenbranes or

ot herw se as suspended solids within the liquid 15

sur r ourdicolindhto amotheaagsect (the pressritdelierdibhyprovides a method of
backwashi ng t he nenbrane pores using the perneate r

st efRbMd golistr af fifiid YIBHSH YN %Bmgﬂsn@;a gas at a

pressure bel ow the bubble point to sard liquid

e Ry Fe e R a—
R B R oS Sospension

froma liquid suspension conprising: (i) providing a

! q .
- prieiRgeeptrd tathemutar suitressef theeparalis fiotidw peembranies to induce

hol | ow nmenbranes having a liquid suspension applied to
t leend susdaindilirdtmoehodugththe mpentteahé evdiieMireienbr anes
to induce and sustain filtration through the 25

10 menbr gap M'sb&é’%ﬁh@ﬂiﬁﬂid’@%&??ﬁ%%si tglrﬁudgh the walls of the
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PCT/AUZQO4/001251 -4 (a) sonme of
Fuspens: o, BRI EIR OF bR obl oS LARSH
said menbr aﬁw%%ﬁbr%nqg lumens, and

(b) at least some of the solids ére 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
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 thé solids
retained on or in the hollow membranes. A method of filtering solids from a liquid
suspension comprising:

)] providing a pressure differential across the walls of permeable,
hollow membranes having a liquid suspension applied to the inner surface of the

permeable hollow membranes to induce and sustain filtration through the

membrane walls wherein:
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(b) at least some of the solids are retained on or in

Woeohwk@w 5 nermbranes or otherwi se as suspengegay2004/001251
solids within the nenbranes, (ii) stopping or

suspending the filtration procesg; (iii) periodically
backwashi ng t he nenbrane pores using the perneate

remai ning after the suspension of the filtratio

T ocessfagy apPInye Af the Yidd SHSRENSIO Passes @FQ@Q%%Q\N@”S of the
bubbl e point to said liquid perneate to displace at

| east sone ohembeahésio ke geavwreall st parowvedie fioen the outer surface of
menbrane pores resulting in renoval of the solids ‘

retai ned on @gid mdnhisranek) &y nenbranes. According to
anot her aspect, the present invention provides a

et hod gl T it a0k 3 A6 LA G SPRIAR Lo

inaf tiron system conpri sing:

ressure differential across.the walls of perpeapl.e,
ol T ow merbr TRSSDIRAGES GIne AT 5 SUSPERarb RO RER the
the inner surface of the perneable holl ow nmenbranes
to i nduce antesg@iesies, filtration through the nenbrane
wal I s wherein: (a) sone of the liquid suspension
passes(iij hr ougioppingy wvesuspentiingtthe IMratsbpeoressi o be
drawn off as perneate fromthe outer surface of said

menbr gngs,  apstiddidalft bad@dEshiMethehlifafi@bb @ifig the permeate

retained on or in the holl ow “nmenbranes or otherw

<SRRI A 0 o oo ot

2005/ 028085 PCT/ 04/ 001251 -5- (iii) periodjcally
10 RORRRCR P Y e BHRBRARINIG Rl TyHparindaie o alsplice ot least
remaining in the systemafter the suspension of the
f SPMenefi Be lisist pernestedpmughrie racdsane pargs ressliing in removal of
bel ow t he bubble point to said liquid perneate to
difepsalids r@tained 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:

15 (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
membrane walls wherein:

(a) some of the liquid suspension passes through the walls of thé
20 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,

25 (i) stopping or suspending the filtration process;



~piping and the |ike
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| east some of the |liquid perneate through the nenbrane )
PEr885/428¢83 ting in 5 renpval of the solids ret &CREG2HH/001251
or in the holl ow nmenbranes. Preferably, during the
backwashi ng step the solids are-fenoved into the bulk
l'iquid surroundi ng the nenbranes. Preferably, perneate

remainigg in @é]ﬁdiéa@l%ﬁa%k%@ﬁin@%m&%&ge dﬁ)cts‘xl%%gﬁsgrg; the permeate

y also be used in a

th inth nbr ane | s to as a ur f .
paakznhg o HSVFE 2tTE8 ep o Bio g2 LA aB0m prpsess by appiying
for backwash is available fromthese sources, a i

f urk $RS 2R RFERSUre Pelaws e, Bubblerpint e spidoiauid @ermegtedo displace at
pernmeate flow circuit to increase the amount of '
peleasitsemenviathkdiglil pemdste kvasighrige whembfdrd patesaesiilting in
suspended. \Where a nunber of the nodules are used in a

Darkmansl sTaR8 esli@drdtindd okPorTAThé PblolGheflibrakddut i ng
feed and renovi ng perneate, pressuri zed gas my
0

t he
be int [ t ' S
so tnat P REM Hhfioahe PRRUeRagdion B ORRS GedSREYefint the
utj lijzed. for backwash. In the case of a filtration
pré‘é’ki’gu"i/\ﬂﬁ%ﬂﬁg@% B§ROREREN from both ends of the
menbrane nodul e, the gas pushed backwash can be
sel ectR@ferabhppeymesta remainingdn ansillagassuch asheanifolds, headers,
menbr ane nodul es, or to both ends at the sane tineg,
dgpeindiang! the likeenay etsd beoead in Additiodito¢thdtdn anobisnbrane lumens
aspect the present invention provides a filtration

10 SYRl £ BblRe dfeHRKIWAgh flighR. SEIhHS idsufMiénht petiehie volume for

15

20

suspension conprising: (i) a vessel for ‘contalning
SR € PRI A28 e B Bl s may
o POUTRTRGH I [ BeheAis REREAL ) nspised iU giot ogreate
menbr anes such that sonme of the |iquid suspension
pasdiable fardwpkwasbingawhen diftration 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 infroduced into the manifold of the bank of modules so that the permeate in
the manifold can also be utilized for backwash. [n 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 fo 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;



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

wonrossiozbds awi ng perneate fromthe nenbranes; apdr/aufos)o12s1

means for applying gas at a pressure bel ow t he bubbl e
point to the Iliquid pernmeate wighin the system and
the nenbrane lunens to affect a  discharge of at |east

_the |iqui te in the | 1 h t :
o alid el A TaPEOiaRs aryeseie Ty BULHedOEn LR Al seid
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and di spl ace the renoved solids into the |iquid
suBjsERRIEeAS SUEh Siaidionte ohidienisii auenensian pagrasciheaugh the walls of

backwash procedure using the inproved nethod nay

i nthe! mentbramesrieeie dravah bffefs fdrdaté;l owi ng st eps.

Filtering-down of feed level within the feed vessel

usi ng @@ g; i %ﬁﬁg%mith%g@{e%bgkﬁh%@?% %@ﬁ?@bﬁgﬂéhég,sénd

Scour i rane su OW Ng gas

Penbr A6 porBEEns 4h RTHRG BER vt ot or aba iy tH bubhte point to the
in the systemin_ a reverse direction to the nornal
f iliquichpedreate i Ehsugystemeandrifipomnambraee imens to affect a

Di schar gi ng of backwash waste by sweep, drain-down or
bylischasge obatlleaglsdrhe e tipr bpudd permepte ini thellymeins dhraugh the
backwash waste; Refilling the nenbrane vessel, venting

gaserabrariew iy et dgbdmhyaitlids resiBdheteihtarrt digplacdlthe
the end of backwash cl eaning, the concentrated

basrkwasd YR Ritd'a fiduid B6sd '&%ﬁﬁguﬁcﬁiﬁﬁgﬁ@ g%émgi’éln%s.

There are two conmon' ways to di scharge t

vesser S B eS8l SBuEER R AL o it By imvotve 2

-7 vessel Wl%h the feed flow. During the sweep

pPeRess or akl of esfoliewinghstePactice to punp the feed

into the bottom of the nenbrane vessel and the plug

f1 ow 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



sweeps out of the concentrate fromthe top of the B
VELWRVO284 have found that it is beneficial toPfhjAdR§04/001251
gas, typically air, into the s nmenbrane vessel during
part or whol e of the sweeping peii-od. The gas bubbl es
formed in the vessel by injection of gas enhance the

sveeRseDwkh ties fecbw. hBuribgeheeeRepf rbsasy itiis atddidmon practice to
_inproved. According to another aspect, the present

in j | i npr t I i
ot B R AR o et o od afBdp By fow
provi di n 1 as or ga ubb) es within the nenbrane
ve§§"§lep383r"itﬁ)g ﬂ?%go%%grg%% Fogt ﬁeﬁoﬂﬁmh%f/eé%ﬁ‘rcent rate
fromthe vessel during or follow ng a backwashi ng,

scour i Mée havd feundihedniimbeseligial tohejesihganitypjcalivt &ir, into the
aeration of concentrate fromthe vessel can be

spantsrabiayie @ssbldilinhg pareor athett vf e deepinglpeflod. The gas bubbles
backwash step (either a punped liquid is backwash or

t hRreRe i\ﬁﬁﬁ%}?@s&élw ve?@&ﬂgwgéﬁrs%ﬁﬁ%éizggge %\PQ@&?}Q effect and the

Dr ai n-do “gravit

di r.gin k h .waste fromthe nenbrane vessel.
In%%%%the&g%&ﬁégﬁﬂﬁmawv?gsult in poor backwash
efficiency in that highly concentrated waste may .

remai 1 $G9TEING tonobier agpect ine aregastt ynvealipa @roviges an improved
menbr anes on recommencenent of filtration. In a 20
syReidediarpnjng apsewbranel fitration tsiysteen mludihg theesieptaf providing
a layer of liquid waste at the bottom of the vessel

10 afgherordyal ulsiies withRVeeahemipsfy 08sSB OEES tfaBWREp or drain down
used to reduce the inpact of the renmai ni ng waste on

t BechhéditAdtb SRR Efﬁ&@%ﬁel Hbri@%r?&ﬁv&ihé%ﬁt‘?&?’;k%a@h[ﬁ?g%%uring

At the end of backwa conttnue 1 njection o
S [ ipto the feed vessel while shutting off
t%@&%£g§%e 97%5Re. The 25 pressure of the scouring

O B SsbE ) rtbSE R S L, oty
can be applied to thé feed vessel on the feed side to
ferdully irtegrated avitr theriqo@hbackwash step (either a pumped liquid

15 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

20  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

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



2) Dilute backwash waste. During a typical backwash
wpcles/028es scouring starts to di sl odge the foeCiag004/001251
materials fromthe nenbrane surface. The solids in 5

the vessel can be partly drainedgfirst prior to or
during-the |iquid backwash of the nenbrane pores. Due

to a reduced vol u of waste,in the vessel, the . -
coRERIE Sirs s RaalEEid e ebilRigssa h thertBeside to faciltate
l'i qui d backwash as nore clean perneate cones out to

t héhg deadn §pwa. of the menbrane nodules. In the final

drain stage, even if an inconplete drain-down occurs,

t hg) soDildtecionsk@nishavasts, tDuiMd Aitypitaiebackeseh dysle, gas scouring
dil uted when the vessel is re-filled with fresh feed

t@fts to %)S.[E%é%guceff\%ﬁﬁﬁ b BlialsPoRhs g@%rﬁéﬁ%ﬁsﬁéﬁhe solids in

wa
The remai nin waste at the

ve be, fl ushed out unmpi ng the eed er
sy SR SRR rene abtd BRI R g & TauiShegavash of the
flushed out to the discharge or to the feed inlet and

mi 'REMDFRA PRFRS P fo aTediieed VoRRIERT pESERNMTE eRseyt, the

THE DRAW NGS Preferred enbodi nents of the invention
widdnceoiratien desdidsbedhebdilmay after the digpidebankwashwvdstinore clean
reference to the acconpanying drawi ngs in which:

Fipgiineate comas ot evRid feedl Ags 8t nidhebahg rABEINLS: [n the final
menbrane filtration 20 bank enpl oyi ng an enbodi nent

0 dréth%téd@ﬂ_elé'\?//sg'aqg?% fr?c%gﬁﬁe?e H%xﬁ-d@ﬁﬁgﬁﬁls,gﬁrégﬁgﬁ {Egﬁgé}ﬂratxon

pressure ( over tine;

10 DB Bl ST eV B dhS YeBhe s e bt ibirs h foed water.
EMBQDI MENTS OF THE | NVENTI ON WD 2005/ 028085
PCTID2 G4 in o1 waste alghpdration af theovesspl Enarerpaiging backwash

hol | ow fi ber nmenbrane nodules 5 are nounted in the
pr essur evasés siéfhe Bottord dftibe vebselatdrobe flushed suff byopurmping the
shel | side into 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
15 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 filiration
20 bank employing an embodiment of the invention;
Figure 2 is a graph of fransmembrane pressure (TMP) profile over time;
and
Figure 3 is a graph of resistance over time with and without air injection
during the sweep step.

25 PREFERRED EMBODIMENTS OF THE INVENTION
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(xj _lumens 7. Each of the nodules 5 is connected t }
urS)p7é)|O 383 ower manifolds 8 and 9. The upper ﬁ&ﬁ(AfIBPQf/OOIZDI
8 is used to renove perneate withdrawn s fromthe

fiber lumens 7 during the filtrafion process. Wen the
filtration process is suspended for a cl eaning cycle,

~the mamdmlish %éﬁéc*l ahethdroh) ﬁlﬁbr%éﬁ%raﬁéimlgs 5 are mounted

rerrmnfllle perrreate In this enbodi ment

L Sl ST AL LR i

rane bubbl e p0|nt t hrough valve 11 to the

AtUENeRs pusiRchies the musiulesb és Fenreeade uﬁp@h@nd lower
manlfol d 8 and fiber |unens 7 through the nmenbrane
pomnenifolds Banditel The udpedaaifdidr moveed tl fetsoveepainmeate withdrawn
in the nenbrane pores. In one exanple, the filtration

sunfionyene R aheds Ftddridd thatfiieaidprot@ssl NVRES theitfhation process
then switched to a backwash procedure: The backwash

pr %tﬁfsglenﬁ@a {6 5= f:le%lg@g@/clé Stﬂgt!ﬁ%lfd]& b Qgé&ga@ﬂdq éjﬁa@ and

gas scouri ng of rane surfaces

IR rga@ﬁvﬁreégy@iﬁ%?ﬁg%etpﬁﬁ?@“” AR § Bnuidpacknash s

at a regul ated pressure of around 2 bars to push the
pedtiiara! by cisingiaise 18ianscapriyingacrrassHtsemh gaheat a pressure
menbrane pores for. 15 seconds. 20 Solids renoved by

t Helowdine nmembrdedadiblasbintghveargh vhles Swephequrmette to push the
the nodules 5 by punping the feed water. through the

10 VgRRlcatd %m&ﬁm‘@ﬁﬁ%é%amﬂld B%oef'lﬁjerq{mﬁéh%epthrbﬁgh g#Smembrane
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pressure was released and filtration resunmed Fi gure 2

PSS e SRR %ﬁ’?kf%ﬁ%“ﬁ'g%lr@m%m PierPtfirape pores.
peT ZB@%B%%%’?{%@ B8 Wrliongt s é%%%f%aa?ﬁmfﬁg 20 minutes

pressure ue to an inproved feed water quality
i AR dben ﬁgﬂ’f@ffﬁe@q Bberhwaspkorsstires be deckwash prtﬁﬁ@iéMas as

exanpl e, the effectiveness of enploying air during the
sfodleps:

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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was illustrated. In this exanple, eight cycles of
veoempirsgssol i ds fromthe vessel s were carri edAR2004/001251
with gas being injected into the vessel and foll owed

by the next eight cycles of s gpl ng w thout any gas
injection. Figure 3 shows the réesistance change during

t he, se.of both forns of swe ear

{ hIGTEEGR I TP bR Sao CHIAE) HUSTe ERAT RO hieed water
air was injected during the sweep, but started to

cl fudlityrindicatingan eftestige pprkwashiprdaegst he sweep. 10

The nmet hods and apparatus according to the enbodi nents

of t helniafgther eRanihis itha Rifecitdhdssdfeheplbyiag fapl demaige sweep
advant ages but are not limted to 1) Elimnating the

b%ég‘%ﬁtrg%@ L@”EHIS lﬁlpfhg Qgﬂgc%?@s 8F§W§§p§lﬁg sB rds from the vessel

ressdri zed gas ca

i eve hort . durat,i on of, C
5 o arecasted 00 in e e fiecisd %fy the s nd f?;ﬂﬂwedéy the next
Reduced |iquid backwash waste; 4) Low energy
ordghitaysies @‘@N@pxm@mtboﬁ@amﬁeg% im@ctmr@ﬁ@mﬁ ghews the
pressure (TMP) is equivalent to applied gas pressure
atresistanpeidaagefduting the cbueseeof Hoth fiernsiobsseep.dt is clear that the
totally enptied of 20 liquid. It will be appreciated

t hadistaHES i thee FrRASH AR B hadad ghg?ﬁ%b iHeFedit Aas rﬁjﬁgtédﬁduri ng the

i nvention are possible witho departing from

2BEPboA %%%@f%%ﬁ%%bﬁ@%ﬁm%ﬁ? O fling e puece.
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present in the systemwhen the filtration process is
s@%ﬁ\i?&ib’ myﬁn@mdaém iqjiovdng advaniaree it ae pablimiaditane

pores during a s backwashi ng process.
1)  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.



od of backwashing a nmenbrane filtratig __ 3
é?&@@%ﬁé{)@%or ding to claim 1, including the st Bpl/pp2004/001251

using a pressurized gas to push the remaini ng perneate
t hrough t he nmenbrane pores durind-backwashi ng of the
menbranes. i,. 3. A nmethod of backwashing a nenbrane
ficipatigen system according to claim 10 2, wherein

__t he pressure of the gas applied to the perneate is

€3S tﬂqﬁeﬁwgﬁ of%‘é%?wﬁg‘?ﬂ?rg m%fmﬁﬁﬁgﬁﬁtp% o%n%s?é)mtlrﬁ@diﬁg the step

th gas does not pene e int ores
1hod of fil 30|dsfrqm6 uid sus ? on )
el GG BT A BN TS B 4t 8Vl WhER TR ralon process s

across the walls of perneable, 15 hollow nmenbranes
i nsteppedita pravide liquidifer m@mlmthamemhraw pdres during a
suspension being applied to the outer surface of the

5 pdsaksvakblngoyrores®r anes to i nduce and sustain
filtration through the nmenbrane walls vvherei n: (a)

o tne. i) b R RS ﬁ"‘”ﬁ@Pﬁe S EGiRTH to clam

Sone

o T LS e B R T A hflpgerese

or, otherwi se as suspended solids within the liquid
mrpé}ehéh%mrﬁarawrﬁﬁ@ynng.tra)ckmaﬁ b efdheynembranes.
backwashi ng the nenbrane pores using the perneate 25

r 8mai Ai mgtheict il radkin@shingea snémbegnsl fifiratiorasgetsmaaccarding to claim
pressure bel ow t he bubble WO 20051028085

10 PETWASEIN O BRdsabile of e gy abplica t‘é)athé Porfheate Raesetian the
to displace at | east sonme of the |liquid perneate

?"b&%lgg\/@;ﬁ df‘%ﬂ@ Prﬁeﬁﬂfa%%b g e gﬁé ABEs MDE ﬁén%ﬁ%ﬁ% ifloNg

inre Ids retalned or In
Pﬁ?ﬁfb%a@%eas%%f\oﬂeéﬂﬁﬂr ding toclama s froma
4, A method of filtering solids from a liquid suspension including:
(i) providing a pressure differential across the walls of perrheab!e,
15 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 fo be drawn off as permeate from the hollow
20 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

25 remaining within the lumens by applying a gas at a pressure below the bubble



5 wherein during the backwashing step the solids are

Werpsddsisat o the bul k 1iquid surroundi ng the PCT/AT2004/001251

menbranes. 6. A nethod of filtering solids froma
i quid suspension according to_.ghaim5 further
including the step of reducing the volume of the bul k

| R 19 RBI PG Sl B AR et

I'tering so
| ume of bulk liquid is reduced

7c|a| erein the v
by %@‘bmmf Uerisr ibveughoiednemarane poras igsuispdnserpaval the solids

while continuing to provide a pressure differenti al
acFefeinagaon or inotheduilidwnmsetbamess.and dr aw of per neat e
fromthe nmenbranes. 8. A nmethod of filtering solids

frém aAl ingthod siieeingisendaaser lligdidtuspBYsPRtccbidifd to claim 4
claine 5 to 7 including the step of renoving at |east

spa%ngmtd“u‘ﬁng%é phi R‘\Hé%lnﬁgfétpa’éh;é' s‘lgld%ré‘?e 6{? gg& u?t8ltﬁéj§ulk liquid

10

15

20

y a swee rai n- omn or and
artl dlscharge the bulk Iiquid. 9 A
éﬁRPQ§%$FI nﬁ§'§SF|ds froma liquid suspension
accordlng to an¥ one of clainms, 4 to 8 including using
pef-neat &eteRd ok iligringselits frera kavid seRperssion according to claim 5
mani f ol ds, headers, piping and the like in addition to

t rfat'thenmcheﬂrngaﬁtastap of Iredfeenirsy tiee wolamer cfehofbulialidwid bfore the
l'iquid. 10. A nethod of filtering solids froma liquid

s WHeknakhimgeepr i sing: (i) providing a pressure
differential across the walls of per rreabl e, hollow

et e fate E@f@ﬁﬁ%igé@%i@%@ ; kﬁgaé%@@&a claim 6
f PSR Yolres gn SRR RSy LS TraR B IS gpn of said

me of the |i UId suspensi on passes through the walls
of I SUsREREPANYIe @rsEumngdarpPrevides pirsshead fereial apwss walls

outer surface of 5 said nenbranes, and
of said 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 byva feed and bleed
process fo at least partially discharge the bulk liquid.
9. A method of filtering solids from a liquid suspension according fo 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



wzoﬁg 4825%“ sone of the soli ds_ are retained on _or |n )5
Ry menbr anes or otherw se as suspendegcyélUFQfélom St
within the nenbranes, (ii) stopfi ng or suspendi ng the
filtration process; 10 (iii) perldodically backwashing
t he nmenbrane pores using the perneate renmaining after

t hepesradis holowimémBrahicktto &iduwe pidsesaindiiraigt tHroegathe
-.gas at a pressure below the bubble point to said

| GbAbRSIEBAIS iR rdihspl ace at | east some of the

l'iquid perneate through the menbrane pores resulting

in remyal of the_solids retained on or in the, holl ow
mombr akeh. 159ME ONTRHBLSGIH T qLPRsRESIBTaUel HPAYRIS of the
l'iquid suspension according to any one of claim4 to

10 i ncl udi ng "pe@Pranasgo Hef diewner ! e psbweats fromdbewoter surface of
in a perneate flowcircuit to increase the anmount of

sper nmeat e avaiskabimenfooandsakdashi ng when filtration is
stopped or suspended. 12. A method of filtering solids

f rom a@)i qui dt fssPSAREYN HRE SO A {RaifBY oA in AR Rbliow

cl ai ns to 11 including the further step of scouring

of menbrane iNn s _hbubbl es. past .t he
merbr ane. sur fianaganasBY giariins 8RSl ifigh ditnid %
removing fine sglids froma |liquid suspension
conpri si ng: mefno%{a{)%%sel for containing said |iquid
suspension; 25 (ii) a plurality of permeable, hollow
menbr dks wi $tAPRINgHE sueserdling \tg@ﬁtzxmi@nqxem;
PCT/ AU2004/ 001251 -14 neans for providing a pressure

10 di f f eliéipt i al pertodicedly bakkwasiingahd merabhiranesres usthd hatpermeate
some of the |iquid suspension passes through the walls

ofemblndgrenBr aresudpenbRndirans ﬁﬁfitio%%r%@éé@eﬁ%%gﬁéfé; a gas ata

means for w thdrawi ng perneate fromthe ne

gatk‘?‘él)sgf%gigﬁat\afl ?ge ?ﬁ@lg LBt 98 3a R i fli® pERREES BLiSNabLt least

some of the liquid permeate through the membrane pores resulting in removal of

the solids retained on or in the hollow membranes.

15 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.bne
zd of claims 4 to 11 including the further step of scouring of membrane surfaces by
flowing gas bubbles past the membrane surfaces.
13.  Afiltration system for removing fine solids from a liquid suspension
comprising:
(i) a vessel for containing said liquid suspension;

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



liquid permeate within the system and the nenbrane
Wanen3928085 af fect a di scharge of at | east sSoneP@Ii/AUNG4/001251
liquid pernmeate in the lunmens through the nenbrane

wal I's to dislodge any solids retjai.ned therein and

di spl ace the renoved solids into the liquid

suspengipn s . NEeS . _ :

o FITETREIED Sk g TR G aftess el of said
nenbragres are nounted in a nunber of menbrane dul e%

and'Q A aRERSHER e §f Hiediquid sdspansom Rarsemrough the walls of

connected to a manifold for distributing liquid

s uhysemeninanes tabd drawo vifres pemmasdteg from t he system
15. Afiltration systemaccording to claim 14 wherein

the gagv) s imeaadysedithdfeing peth8atbihahe n@émb!‘é@leg; and

bank of nodul es so that perneate within the manif ol

is utphized : i {4 t :
Sccordrhg t omsaye SRR ghath bie i ABpRUB MBI point o the

incl udin ans .t o reduce the_volune of |iquid

o EiEPareTR Wit ok SiateRusad 114 wem 2o lding & ateeia

reduce the backwash waste volume. 20 17. A filtration

sylsdinrae ebprtiioagt semelafithe liguidinaraiaate iethedumeansdshrough the

l'iquid suspension in the vessel is reduced by

sus@abtingwillote disiddgedartyosdlids rézdded tressil avhdisplace the
continuing to provide a pressure differential across

Web o ved sandsdmmf@nc?né%u@aén%ﬁ kerdvwabingf theeh&Rdtshes.
fromthe nmenbranes. 18. A filtration system according

0 L3451 AR oS E # LUEHARfl mifrancs are
a oluin é"H }nog ng%baer%rf%’ean }a'zn%dmggﬁ’lés and the membrane modules are
used in a bank and connected to a manifold for distributing liquid suspension fo
and removing permeate from the system. |
15.  Afiltration system according to claim 14 wherein the gas is introduced into
15 the manifold of the bank of modules so that permeate within the manifold is
utilized for backwash.
16. Afiltration 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.

20 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

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

——



