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TITLE: Ceaning in Menbrane Filtration Systens FlI ELD

OF THE I NVENTI ON The present invention relates to the
whawknesid ng of hol | ow per meabl e menbr anes useRCT/AU2005/001919

menbrane filtration systens and, in particular, to an

i nproved met hod of backwashing_and cl eaning the hol | ow

per neabl e nenbranes. BACKGROUND ART Any di scussi on of

the prior art throughout the specification should in

; 4 [ : 3 S5 that such prior

TR PO R B8 RN ARsE T RRBHRRMR Comron genera

know edge in t el d. Known backwash systens include
H 'o@é)ﬁgr i”ﬂggﬁﬂl\bgw earlier International

Application No. WOO3/02779 the subject matter of whic

i s iTieopresent isuentioreiaiatey te the backwashking ©f hollewmgrmeable

cl eani ng of nenbranes, cleaning solutions are often
ni¢rabeghdshusedyin mbmbnamd filirestienaystarne andpier pavtipller\ialars

to clean foulants fromthe nmenbranes. Applying the

irﬁ‘bﬁtﬂ@mﬁmeﬁ%dlbf BACKWRBINGE 66 Bleamirits tHeshalownpermeabliel
of foulants fromthe surface. The typical known

rﬁérﬁg%ﬁ@s procedure for nenbranes invol ves cl eaning the
menpbranes in-situ. This procedure adds a set

co ' chem cal, commonly 2%citric acid
Br%@?@i%‘éab@ogﬁg - 1000 ppm sodi um hypochlorite, to the
menbrane in a solution of filtrate. This u .ua.I%/ .
occurAnydiscuesien gf theopriansast thupugbent theshecigaper shguld in no
after which the cleaning solution is filtered through
waebeeohsdeccdas ahefdmissiondhit such pdomart is widsly known or forms
menbrane fouling varies according to feed quality and

part of common general knowledge in the field.

Known backwash systems include those described in our earlier
International Application No. W093/02779 the subject matter of which is
incorporated herein by cross-reference.

During cleaning of membranes, cleaning solutions are often flowed through
the membranes and their permeable walls to clean foulants from the
membranes. Applying the cleaning solution under pressure assists the removal
of foulants from the surface.

The typical known cleaning procedure for membranes involves cleaning
the membranes in-situ. This procedure adds a set concentration of chemical,
commonly 2% citric acid followed by 200 — 1000 ppm sodium hypochlorite, to
the membrane in a solution of filtrate. This usually occurs at the start of the two

hour cleaning period, after which the cleaning solution is filtered through the

membrane and left to soak.



type, flux through the nmenbrane and hours of
operation, the anount and | ength of chem cal cl eaning

WO e@aiead i n each situation also varies. This BET/a02005/001919
results in a one process fits all approach where a
standard chenical cleaning stage is applied regardless
of the anpbunt of fouling. This can lead to | arge

amounts of cl egning, sol utian bei.n ed.. '

i TSt Retirect TBPTAGANA 12y VEHEt AR URy BRRERA and

i rpact in di sgosi ng of the waste solution after d lenath
typlee Kk youghdbapnembrany any bewisoigperaton NDeNmextgnd leng

i's an object of the invention to overcone or_at | east )
ohoméminah tieanig requinedén each séuaticmalsanaripss Dhis ofien results in
prior art or at |east provide a useful alternative.

aASHeOhdicass fits all bppfdachswest.a staadardskanidah caningnstage is
provi des a nethod of cl eaning perneable, hollow

5 agpli%tgﬁé@?gge%s%?tﬁé% %FFOL{BB t hghi§ YBR |8REtSiaig@ amounts of

erenfial 1s applié&d across the walTs of

he. per ble, .hollo I [ ] el
clebiBRsTHo Bt o b ERRaRT, W RIS Eftedtbrinddiftfe cost and
the outer surface f the ous hol | .menhranes to.
SnHaREBeRIR) TBRee FRasa bl e FAna AT R ERS is
wal | s wherein: (a) sone of the liquid suspension
cpapdate. t hrough the walls of the nenbranes to be drawn

off as clarified liquid or perneate fromthe holl ow

DISThOBIeREUVDENBHEANYENT)ION | east sonme of the solids
are retained on or in the holl ow menbranes or

1o Ot hWi@"aﬁ%%écﬁé‘ﬁ%ﬁﬁ%t%ﬁ'tb‘i'ﬁle\‘édrﬁé rid fedsit Gwidliorate one or
surroundi nd the nmenbranes, the nethod of cleaning

PRI el oAl SRR oafbgelg son atematve
According to a first aspect, the present invention provides a method of
cleaning permeable, hollow membranes in an arrangement of the type wherein
a pressure differential is applied across the walls of the permeable, hollow
15 membranes immersed in a liquid suspension, said liquid suspension being
applied to the outer surface of the porous hollow membranes to induce and
sustain filtration through the membrane walls wherein:
(a) some of the liquid suspension passes through the walls of the
membranes to be drawn off as clarified liquid or permeate from the
20 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,

the method of cleaning comprising the steps of;



menbrane; ii) renoving, at least partially, liquid
fromthe outer side of the nenbrane; iii) applying a

W@ b®@anea3ge sol ution to the outer side of the nePdI/An2005/001919
iv) applying a pressure differential across said
menbrane wal | to cause flow_af_ said cleaning solution
through said wall fromthe outer side of the nenbrane

ai § | umefPrpnOcPRaAT R e oBRE Toft s e, e of the

outer side of the nenbrane; vi) applying a pressurized
gas to theembengie side of the nenbrane wall to cause
flow of the cleaning solution back to the outer side

t hrijugh t renowingr ahleashpartially,iliguisccamihgtouigr side of the

i ncreased pressure devel oped on the outer side of the
menbr ane gfenabra@eyl t of said flow of cleaning
solution; viii) releasing the pressure applied by said

s PreE Sggggﬁﬁ % %Ieo%ﬁ‘inﬁ’g EblLtib RSt 86tephidener thervaeaibeane;

to c sal d cleaning solution through

aﬁld &) rr}s gg 5@5@@ 8 ?{é%% rg lﬂifﬁécrﬁﬁ{iﬁgﬂctr&é Q&dfrjnleHb%ﬁ? E\igﬂ %0

nu ed pressure on
outer side of the menbrane wall. For preference e
cl eani ng §8HER }IBW ofsayd ¢ Hirlga@“:“i'%ﬂﬁﬂﬂggéﬁlff ngh_?rom the
Preferably, in step vi) gas, usually air, is applie

d
such t hat outer siderbf theememrhsane inte (B8 MaeMbEANS IUhen iReat least
of cleaning solution. Preferably the pressure is

accunul at edrtiallySilegaid iuhen with deanisgsolutipnovi ded on
the outer side of the
10 V) isolating the outer side of the membrane;

Vi) applying a pressurized gas to the filtrate side of the membrane wall
to cause flow of the cleaning solution back to the outer side through
the membrane wall;

vii) accumulating the increased pressure developed on the outer side of

15 the membrane as a result of said flow of cleaning solution;

viii) releasing the pressure applied by said pressurised gas to said
filtrate side of the membrane wall to cause flow of said cléaning
solution through said membrane from the outer side to the filtrate
side under the effect of said accumulated pressure on the outer side

20 . of the membrane wall.

For preference the cleaning solution is a chemical cleaning solution.

F%abmbWJnsmvaga&LmumWahJsapmmdsudwmanhenmmbmne

lumen is éubstantially drained of cleaning solution. Preferably the pressure is

accumulated in step vii) in a gas space provided on the outer side of the

25 membrane wall or alternatively in a bladder arrangement.
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menbrane wall or alternatively in a bl adder
arrangenent. The differential pressure of step iv) may

wheoopoesided by applying gas pressure to the ORPCBAUG08@01919

of the menbrane wall or by applying a vacuumto the
filtrate side. According to a4further aspect the
present invention provides a nmethod of cleaning

I L ' .
Pyper IR R AR EETRIATRE W) ofiY B PRAMGEERY ribg ges
th I f the . bl 1 ranes.imersed
biFsslife tong culeaEiabRe smbransavall Gtop 2RBIE Baaggam to the
applied to the outer surface of the porous holl ow
filtrata sides to i nduce and sustain filtration through the
menbrane wall s wherein: (a) sonme of the liquid

sus pAcsordimgrtass fstHanraspgbt theepreaéhisineéntidreprovidesa essthod of
to be drawn off as clarified liquid or perneate from

¢18aning| PP BN MW MBRibTan8$ th 4R hridhgbARSH of &iEtyPle wherein
the solids are retained on or in the holl ow menbranes

QorQddIfE Wﬁf%?eﬁtialﬁ%%@?ﬁé’@ gc&fgﬁgﬂé vs%’%%l%gjfgff)é ?%rhblgﬁlged hollow

surroundi ng t anes, ne ["'ean

SEreBRS Tarbfesd RS ighic, sulsraBRighs Adijsfid 8 Hhsion being

appl yi n% a pressure differential across said nenbrane
applied te tha eserswsiacsrofdhp Parpea RPIRYY segrobranest teripdese and
said wall fromsaid one side of the nenbrane wall to
sitaiot fileatian theowdh theemesnimaaerevalksl Wherein:) appl yi ng a
reverse pressure differential across said nenbrane

wal | (d)o cagtraefidf ehe Gfuisaudpehsiani prgses lthriough thBraIghof the

said wall from
membranes to be drawn off as clarified liquid or 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,

the method of cleaning comprising the steps of;

i) applying a cleaning solution to one side of the membrane wall;

ii) applying a pressure differential across said membrane wall to
cause flow of said cleaning solution through said wall from said
one side of the membrane wall to the other side of the membrane
wall;

i) applying a reverse pressure differential across said membrane
wall to cause flow of said cleaning solution through said wall from
said other side of the membrane wall back to said one side of the

membrane wall.
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said other side of the nenbrane wall back to said one
side of the nenbrane wall.According to yet a further

wW@swentedthe present invention provides a met hoRICDAU2005/001919

cl eani ng perneabl e, holl ow nenbranes in an arrangenent
of the type wherein a pressurse_differential is applied
across the walls of the perneabl e, hollow nenbranes
imersed.in a |iquid suspension, sai.d | qui :
susBeRaing tsersia e 83560 DReaSRurnig it hroyjdes s method
gorou.s hol | ow nenbranes to induce and sustain
of ¢leaning permanbiaidiollowamaatsrRAR INAN PErangemani of thg type
some of the |iquid suspension passes through the walls
wbkréihe presbusndiffetantiabistappliedoddross the wells pethe pejimenble,
or perneate fromthe hollow menbrane |umens, and (b)
haflow @ashbfeEs iffmérsed 0l Itpidsaspetsiomeshidliquid suspeheion
ow nenbranes or otherw se as suspended solids

hol |
b%{ghhéggvlfglfaetolthg Wb rirfRENSHtAE JohsudTREIAR RRSmbides to induce

cl eaning conprising the steps of; i)
' cat. | t ial L pdind f athe filt
abfi qu s piErtoaBRudhthbi fotmbrate M greplin 1o TR
tially, liquid f| th i de of :
T JaRpp! o5 & e darit s eI RS S AU GREOLhe

the nmenbrane; iv) applying a pressure differential

across saingembrasesrie hﬁa@ﬂawrbogﬁééafﬂfﬁ%}'%ﬁd gk pgrmeate from the
cl eaning solution through said wall fromthe outer

si de of thwllowmhembeanatunérss anelhbr ane | unen to at

| east partially fill said |umen wth cleaning

sol by on; gt |east some of the solids are retained on or in the hollow

membranes or otherwise as suspended solids within the liquid

surrounding the membranes,

the method of cleaning comprising the steps of;

i) removing, at least partially, liquid from the filtrate side of the
membrane;

i) removing, at least partially, liquid from the outer side of the
membrane;

iii) applying a cleaning solution to the outer side of the membrane;

iv) applying a pressure differential across said membrane wall to

cause flow of said cleaning solution through said wall from the
outer side of the membrane into the membrane lumen to at least
partially fill said lumen with cleaning solution;

V) applying a pressure differential across said membrane wall to

cause flow of said cleaning solution through said wall from the
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v) applying a pressure differential across said
menbrane wall to cause flow of said cleaning solution

wo booeogiz1sai d wal | fromthel unen side of the nRCAHEZ®S/001919
back to the outer side of the nenbrane | unen.
Preferably the pressure diffeential in step v) is
produced by applying a pressurized gas to the filtrate

Cl caning LEnak Fale Bank ToempEiiad LM el g0t the

menbrane wal |l . The cl eani ng process can be repeated in
cycl es suBmBENS HEOER: eaning solution is alternately
moved fromone side of the menbrane to the other i

t hr Beeferabiy the pressuee differentiehén piepoads peaduass! kyapplying a
to menbranes subnmerged in an open vessel as well as

pRisRefzEed 206 toRndfikace itk of teé mensyrahe el tdazasdifloy ofdhe
anot her aspect of the present invention there is

c@%ﬁ_ﬁi;gdé?ﬁut%mﬁé&@ﬁ) 6 st tHroggRithengsthne vedin of a
nme ane

conprising: neasuring pH and/ or nenbrane
resi nece.. . it i &feanin
o ang bz AR SR e e g e thae Cloaning
and/ or nmenbr ane resi,stance attai a _predetermn
S3hhR's NERB R g e B SHEA e r R throuch
invention there is provided a nethod of controlling a
thehmemlziBneivéeallh of a nmenbrane conprising: neasuring pH
and/ or nenbrane resistance of a menbrane for at |east
a pTheimoce$s san tecppliad toressubiangsc ulppsengedi in@nggparheessel
clean; calculating a rate of change of pH with respect
abQvdli 88 pkehytrigtbd redbrineiltration systems.
According to another aspect of the present invention there is provided a
method of controlling a chemical clean of a membrane comprising:
measuring pH and/or membrane resistance of a membrane for at least a
portion of said clean; and
ceasing said chemical clean when pH and/or membrane resistance attains
a predetermined value.
According to another aspect of the present invention there is provided a
method of controlling a chemical clean of a membrane comprising:
measuring pH and/or membrane resistance of a membrane for at least a
portion of said clean;
measuring elapsed time of the clean;
calculating a rate of change of pH with respect to time (dpH/dt) and/or a
rate of change of membrane resistance (dR/dt) with respect to time; and

ceasing said chemical clean when dpH/dt and/or dR/dt attains a

predetermined value.
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rate of change of nenbrane resistance (dR/dt) with
respect to tine; and ceasing said chem cal clean when

walpidbdeesand/ or dR/ dt attains a predeterm ned PCT/AU2005/001919

val ue. Accordi ng to anot her aspect of the present
invention there is provided & et hod of controlling
the chem cal cleaning of a filtration system

conprising the steps of urin nbr ane .resi st anc

of | BoRRITaIRaneeE ASPEgaT e BErTaaron thefs Bplovided a
measuring el apsed tine of the clean; cajculating a . .
mathed of contialljag dhe ehartca &laaning oha Alratiory gisferqamprising the
respect to tine; and using dR/dt to calculate a
stprsadfi on for conpletion of the clean. According to
anot her aspect of the present invention there is

pr oYAad g MRERDHaRE réfstahed bf Bdnembhame farl atdéastra pbrtian of
rane conprising: increasing the anount of chem cal

menb
S%Lqﬁ@?éﬁg agent present during the clean; neasuring
‘e resi stance of a nenbrane for at |east a

portion of }gi dﬁ%s ﬁan; asLen .the increase in
cheMeEAUNEESAAP e Ri& nbrane resi stance
attains a predeterm ned val ue. Preferabl nmount
of crisakting agriatofichange Qt membrans '@?@E@%‘Fﬁ? ws/ﬁngM‘ respect
preference, the predeterm ned val ue approxi mates a
tetiewdangt at e val ue of menbrane resistance. Preferably,
the menbranes are mcrofiltration or ultrafiltration
tyPesiiyd@RANES calculate a duration for completion of the clean.
According to another aspect of the present invention there is provided a
method of controlling a chemical clean of a membrane comprising:
increasing the amount of chemical cleaning agent present during the
clean;
measuring membrane resistance of a membrane for at least a portion of
said clean;
ceasing the increase in chemical cleaning agent when membrane
resistance attains a predetermined value.
Preferably, the amount of cleaning agent is increased incrementally. For
preference, the predetermined value approximates a steady-state value of
membrane resistance. Preferably, the membranes are microfiltration or

ultrafiltration type membranes.

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:
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BRI EF DESCRI PTI ON OF THE DRAW NGS Pref erred

enbodi nents of the invention will now be descri bed, by
woryeobedexanpl e only, with reference to the  PCT/AU2005/001919

acconpanyi ng drawi ngs i n which: Figure la shows a

sinplified sectional side elLgvation of a nenbrane

nmodule with a | ower portion of the nodule i mersed in

a chem cal cleaning solutio ' '

* her BBy 2 ShpieAas naN Y Ere SRRl e PlefRiin B & tmembrane
sectional view of the ranes, in the ipdicated . .
moslgleo Wit 2 APYEF @ottien m?‘étﬁ?emﬁu@qmeﬁﬁcﬂm & ﬁﬁﬁm'ca' cleaning

sectional view of the nenbranes in the indicated
solatjpoandfsuEtion applied to-thpmenirasadwseassi npl i fi ed

sectional side elevation of a menbrane nodul e of _

Fi gFigerd. W shows! amesnlarged saciidnal hdewoall tee imembsaaes in the

in a chem cal cleaning solution and pressurized gas

in?}?}cfété@%oéiSnb?'Fid[ﬁgqra?ne | umens; Figure 2b shows an

arged sectional view of the nenbranes in the

TG SRR SRR S heapranes i v

.modul e of Fi %[e 1 with a |ower portion of the nodul e
'ﬂqﬁ‘??éia@é%g'%og '@l cleaning solution and suction
applied to the nenbrane_ | unmens; Figure 3b shows fan

enl Figyed 2e@howsala wireplifisd sretfioralbsidfecslevationof @ membrane
i ndi cated region of Figure 3a; Figure 3c shows an, )
neodude @f Figueet1 withl a vower pértioneoftsebmadute inmmerged in a chemical
i ndi cated region of Figure 3a; Figure 4a shows a

B L o ey o et s
of %rg%‘ls%ows an enlarged sectional view of the membranes in the
indicated region of Figure 2a;

Figure 3a shows é‘simplified sectional side elevation of a membrane
module of Figure 1 with a lower portion of the module immersed in a chemical
cleaning solution and suction applied to the membrane lumens;

Figure 3b shows an enlarged sectional view of the membranes in the
indicated region of Figure 3a;

Figure 3c shows an enlarged sectional view of the membranes in the
indicated region of Figure 3a;

Figure 4a shows a simplified sectional side elevation of another
embodiment of a membrane module with a lower portion of the module
immersed in a chemical cleaning solution and suction applied to the membrane
lumens;

Figure 4b shows an enlarged sectional view of the membranes in the

indicated region of Figure 4a;
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imrersed in a chem cal cleaning solution and suction

applied to the nenbrane | unens; Figure 4b shows an
we@nloangsw secti onal view of the nenbranes in tPEI/AU2005/001919

i ndi cated region of Figure 4a;Figure 4c shows an

enl arged sectional view of the nenbranes in the

i ndi cated region of Figure 4a; Figure 5a shows a

simplified sectional side elevatiqgn . ;
oatier e o AheRraed SRerond vitnbhihe HBEREgs in the
imersed in a chem cal cleaning solution and
instieafed region fddowgtaied to the menbrane | unens; Figure

5b shows an enl arged sectional view of the menbranes

i n Figurenbia chiows aegimplified saagional Side sleyatien &f Hgomembrane
a sinplified sectional side elevation of another

nesHnd igrenguif 4 aviteahewee paribi 6f thiet moduleoinemepsid ira chemical
of the nodule i Mmersed in a chem cal cleaning solution

cg%lg\;\@‘ %Iiu%p %Bledgégsdr&eﬁ%%ﬁﬁf% the TREMbrand HirSe®d)

an enlarg sectio view of the nmenbranes in
the d.ndi cated region ' .6a:, Fi_qur in th
enl fﬂ%‘g& §§C§q70 Sg@%\,ﬁﬁ(ﬁrgécgﬁegﬁlgn@%ﬁae% g?itﬁétrﬁllé%aﬁas in the
_indi cat ed, re%ic%),n of Figure 6a; Figure 7a shows a
indigptediregipns@diigeieadaisi de el evation of the menbrane

nmodul e of Figure 6 with a | ower portion of the nodul e

i métigwe iGa ashowsii aalsiopbfied neecdiongl | 9deamievation of another
pressuri zed gas applied to the nenbrane | unens; Figure
efbasdimemt aof enlmsmbrarseahodolel withewa ddweheaniorreidlse module
in the indicated region of Figure 7a;

immersed in a chemical cleaning solution and suction applied to the membrane
lumens;

Figure 6b shows an enlarged sectional view of the membranes in the
indicated region of Figure 6a;

Figure 6c shows an enlarged sectional view of the membranes in the
indicated region of Figure 6a;

Figure 7a shows a simplified sectional side elevation of the membrane
module of Figure 6 with a lower portion of the module immersed in a chemical
cleaning solution and pressurized gas applied to the membrane lumens;

Figure 7b shows an enlarged sectional view of the membranes in the
indicated region of Figure 7a;

Figure 8a shows a simplified sectional side elevation of an embodiment of
a membrane module in an open vessel with a lower portion of the module

immersed in a chemical cleaning solution and suction applied to the membrane

lumens;
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Figure 8a shows a sinplified sectional side elevation
of an enbodi nent of a nenbrane nodule in an open

waemsobedmt th a | ower portion of the nodul e i MMRCEHAU2G08001919

a chemical cleaning solution and suction applied to
t he menbr ane | unens; Fi gure 8bnyshows an enl ar ged
sectional view of the nenbranes in the indicated

region of Figure 8a; Figure 8c.shows an _gnl ar .
oG8 11D e G, SHELSTH TRE Pharedrggoranes in the
region of Figure 8a; Figure 9a shows a sinplified
irsiinatedm%@iosi(l%é:i@lﬂr@\ﬁeﬁ;i on of a menbrane nodul e of the

enbodi ment of Figure 8 with a |ower portion of the ]
nodEigaré réersheds anaenibrgedc abclivreinviay ebithe iroambhanes in the
pressuri zed gas applied to the nenbrane | unens; Figure

irdicatBWegiaR SIHiglieesh;sect i onal view of the nenbranes
I'n the indicated region of Figure 9a; Figure 10 shows

?i ?re@g? o%a %@ﬁ%ﬁég‘%ﬁﬁglﬁleg{r %%éﬁr?al(é_iﬂ’@) clRatsn esf avefembrane

e type illustrated in

Fi re and 9 unde [ a 3 cal a 1S LN
skl (ot othen ERERATENE 0 Tyl e SR o HqtBho g Whe modue
_graph of nenbrane resistaan measur ed over %ine forr d to th
immersghéd sorhemisal Giganing SRIUtlpn,RRE JUESHIi4ed gas applied 1o the
i ncremental increases in the volume of chenica

nedrebraneguayers; added during the cleaning process; and
Figure 12 shows a graph of nenbrane resistance

nmeasiyiee 9 eshdvsranwehlarged rseictionall viemc oéabesmiembrases in the
vol ume of chem cal cleaning agent added during the

irﬂigg}gaqggwnogﬁqgurﬁém PTI ON OF PREFERRED EMBODI MENTS

Figure 10 shows a graph of transmembrane pressure (TMP) measured
over time for a membrane module of the type illustrated in Figures 8 and 9
undergoing a chemical clean using the method according to the invention;

Figure 11 shows a graph of membrane resistance measured over time for
two types of chemical cleaning process with incremental increases in the
volume of chemical cleaning agent added during the cleaning process; and

Figure 12 shows a graph of membrane resistance measured over time with
incremental increases in the volume of chemical cleaning agent added during
the cleaning process.

DESCRIPTION OF PREFERRED EMBODIMENTS

Referring to the Figures 1 to 7, there is shown a membrane module 5
having a plurality of hollow fiore membranes 6. The fibre membranes 6 have
their lumens 7 closed at the lower end in a lower pot 8 and open at the upper

end through upper pot 9. The module 5 is contained in a vessel 10 having a
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Referring to the Figures 1 to 7, there is shown a
menbrane nodule 5 having a plurality of hollow fibre

worewbioedses 6. The fi bre menbranes 6 have thei rP¢TIAT2®5/601919

closed at the lower end in a | ower pot 8 and open at
the upper end through upper_ppt 9. The nodule 5 is
contained in a vessel 10 having acontroll able valve 11

for opening/c ing the t r
o8BI VEBnbE Tt Spanol g e ¥sRpaL 1938 HfospheRE, Upper
having a port 13. One enbodi ment ﬁf 1'2% cl eani % 13
pot diseeennasied i adiltraeraalertiRrepiamRen £ NaYRg peom 1o
described with reference to Figures 1 to 3. As best ) .
sho@nei emBogdimest 6f the cleaning greaesseaesaiding tothe, inveation will
7 after filtration is drained while liquid remaining
nbi B @cy@ iRl with réferahsotcaFiguesst tpar tAsblegt shawndlFigures 1a
The vessel 10 is then, at least partially, filled with
1! 2N} d_SFeTeréin% Tt Rambesty drewnfiitatibhgiy elrdmedAwhile liquid
differential pressure is then applied across the :

menbr ane Ca A i s ' Vi \
SRR o808 10 bl o€ RS pERRAY Bl T fossel 10 i
drawn t hrough the,_ rane walls . (as,sho j -
.t doash Daal g TIEkE WiErLeAITRD RHRIETS T4,y Popt Shaun Jp Figure
l east partially, filled with cleaning solutjon. As L
1shdwdifienertiajpresswre iataerrappliasacrasy &he mergbgafigwalls 15, in this
closed to isolate the vessel 10 while pressurized gas, )
dnfbcivplehe By tEppiyiad aparcuuiBta port K8, b &aati the cleaning selution 14 is
filling the nmenbrane |unen 7 and di spl aced through the

TRIRRRSuGM the HRenibrahe Wils! ¥8EASs Tshicwrs uhsEigate db)yand up the
drai ned of cleaning solution. Wth the vessel 10

r’%%rﬁb%%glygé]%e&a qi’i?@‘;se,{ag?%ahs‘i 'p%ﬂréinpgfilféﬂ With @edrfing BoREBA.

e outer side of the nenbrane

6 lts in _ i :
i nf:,%éggrﬁvgl'@ r|]r11 #g@éﬁébgﬂéw ?/ﬁ(\;éelﬁgss \f;rgésnsé@s% tP S!solate the
wede 3 whie resRas Gee Sopealied Yrarabepdr 13 are cleaning

accunul ated pressure in the gas space 16 then
solution filling the membrane lumen 7 and displaced through the membrane wall

15 until the lumen 7 is substantially drained of cleaning solution. With the
vessel 10 isolated, the transfer of cleaning solution 14 through the membrane
wall 15 to the outer side of the membrane 6 results in the pressure within the
vessel to increase as the gas space 16 within the vessel 10 is compressed.

As shown in Figures 3a to 3c, the lumen side of the membranes are
vented to atmosphere. The accumulated pressure in the gas space 16 then
forces the cleaning solution 14 to flow back through the membrane wall 15 as
best shown in Figure 3b.

Figures 4a to 7b illustrate embodiments of the invention where a bladder

arrangement may be used instead of the gas space 16 to accumulate pressure.
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forces the cleaning solution 14 to flow back through
the nmenbrane wall 15 as best shown in Figure 3b.

woe@anes1vta to 7b illustrate enbodi nents of thBCT/AU2005/001919
i nventi on where a bl adder arrangenent nay be used
instead of the gas space 16 %{#_accunul ate

pressure.Rgferring to Figures 4a to 4c, the operation

is simlar to_that shown  in_ Figure . 3a to_3c. r :
i n RATesrRge diigHiRs aﬁe'i’? ﬁﬁetW%%’@ﬁr%tlocﬁ‘e'SOF'T‘}?J]POW& shown in
menbranes is vented to atnosphere through valve 17, . f th
Fighee Bandleic, Imowevary én sthis eszhndimept mhety dhag lumen gide of the
the vessel 10 forcing the cleaning solution 14 throu

h .
mensbramebignentsal 1o aBnasphare dhpughevaieer7atiee blagder?t égellvers
best shown in Figures 4b and 4c. Referring to Figures

pr%%saﬁéi t§lhet fRRJPERIRS bF ithé NEsebl tbefdreingniie Clemmire sotidion 14
I's shown. Pressurised gas is applied to the

t%ﬁ@@@/ggé Hern%r%néivﬂﬁl 9k e 8k: é;ﬁ%?ntﬁahlé 18R 7as best shown

i sed gas ‘through T'ine valve 17 to port

.13. The pressurised gas causes the cl eaning solution
“'\/\?'QHW?’%E nalf‘ﬁen 7 to flow through the menbrane wal |

15 to the outer side of the nenbrane.resulti i Nt h o
or e BStRTENGie FIGHToR SAS 5, 15 PrRcswings! Bl farpiglitie sideis
transferred to the bladder 16 connected to the vessel
shOwhhRragsurisedegaisaanplieditodhe lumen/flirate sile ebthscmemiianes 6
a simlar arrangenent to Figures 4a to 4c but in this

b?%@@mgeptreéshﬁsg@s?w eisough lire dgphhediaive tHe tugestl13.  The
O froman external source, rather than the bl adder

pfégssutri%grtg%'% ddud8s tRe ANshH ‘églul%n VAt des 1iehs tsBew through

accu ate pressure on umen side of the
E TR, BN 0B g, O HAME S FoIAd in e
p{réﬁs&ﬁ’g ml{h?q?@glgg%%%@g}\gé%fﬁg and Eg%gtt?ar?stfgﬁga QS 'tfie bladder 16
connected to the vessel 10 through line 19 and valve 11.

Figures 6a to 6¢ show a similar arrangement to Figures 4a to 4c but in this
embodiment the gas pressure is applied to the vessel 10 from an external
source, rather than the bladder 16, through line 19 and valve 11. Bladder 16 is
used to accumulate pressure on the lumen side of the membranes 6 as shown
in Figure 6a.

As shown in Figures 7a and 7b, when the reverse flow of cleaning solution
is required, the vessel 10 is vented to atmosphere through line 19 and valve 11
and bladder 16 releases accumulated pressure to the lumen side forcing the
cleaning solution 14 within the lumens back through the lumen walls 15 (see
Figure 7b).

Referring to Figures 8 and 9, an embodiment of the cleaning process

according to the invention is illustrated where the vessel 10 is open to
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and bl adder 16 rel eases accunul ated pressure to the
| umen side forcing the cleaning solution 14 within the

wo eovenes3back through the lumen walls 15 (see FP@IIAB2005/001919
7b). Referring to Figures 8 and 9, an enbodi nent of
t he cl eaning process accordiqig_to the invention is
illustrated where the vessel 10 is open toatnosphere.

In this enbodi nent flow of, cl eani sol.ut i Nal o)
ateiespher®dr ale WaiF| e@ngﬂs%ﬁ%dofg%'%?q'ﬁéngﬁ‘éﬂtt‘@“ #iBugh the
appl yi ng suction/vacuumor pressure to the |lumen side
memidraee meabr 4beis Erovided nbyrbaligraaialy @RPI¥NGs SH@Q‘?’?{V%UW or
i mersed at |least partially in chemcal cleanin ]
préghuilg N tHetlumneh sldet obthe meaplpiained 6.0 Thieemepalrasadgogile S is
the fibre nenbrane |unens 7. As best shown in Figure
i ikt HREEIIVOR chnisaldeleaning sotutiin 14and suction is
aﬁ%ﬁﬁ%’%&gﬁ“ﬁ% z%d ir¥?o the fibre rre?rbrane | umen 7.

a%]%@ﬁlo?ﬁﬂén?ﬁfzﬁ i ! mh%ﬁiﬂ)r% Hé?r?ll)r?r\é"lﬁniéhstﬂr g Bethshown in

i's conpletely ed as shown in

CGuBHE, B Sp IR ¥ e 0o e 8 15 and

filling the menbrane lunmen_7 and the cleani sol ution
inta thie diPre.ceembransulmend - nEHﬁr%lﬁ@f‘%aler"i@fbggf 8%hen' drawn up
previously described. The process illustrated in the

theobgilite hirser Zrurtiie itiie peepietelyrfillegoassshawr in Figure 8c. As shown
cleaning solution is alternatively noved from one side

inofighiRes TBMEMGASTS, prassurikadtgad isehen fapplied ko thef tleanistg solution 14
cl eaning solution to and fromthe nenbrane | unens 7

filﬂﬁ@ #HE e rﬂeor&gwérﬂ?ia{nd mmaﬁiﬁgtﬂdmdmis@sﬁfabeatthmgh the
C t

m cal clean o e menbrane nodul e 5. Figure 10

mxeadmenaal 40 R P ROLRE ISt e Bl erbr ane modure of the
f;?/gihéh,@[)&%{'@géﬁség' iﬁil’,?@ Igﬁhq%gﬁrgghfso%trrgaé ?Q[%gfedm Tycles such

that cleaning solution is alternatively moved from one side of the membrane wall
15 to the other. This flow of cleaning solution to and from the membrane
lumens 7 and well as along their length results in an effective chemical clean of
the membrane module 5.

Figure 10 shows the results of applying the cleaning regime according to
the invention to a membrane module of the type where the vessel 10 is open to

atmosphere. The cleaning process was performed as follows:

1. The membrane vessel was filled with filtrate via backfilling from the lumen
side to the shell side, with simultaneous chlorine dosing into the filtrate line. The
vessel filtrate level was about 30%, with a target volume of cleaning solution

(NaOCl) of 30 mL.
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1. The nenbrane vessel was filled with filtrate via
backfilling fromthe |unmen side to the shell side,
wowaok/oe3mul t aneous chl ori ne dosing into the fiPCT/AU2005/001919
l'ine. The vessel filtrate |evel was about 30% wth a
target volume of cleaning solgution (NaCCl) of 30 ni.2.
The filtrate was then recircul ated briefly through the

system_ in order to ensur Jam | gani ;
2.coriE Brats. wandhpagreodafe Bhely e FRr Sitem ip gyder o
100 kPa air being applied to the filtrate line. This
ersure aswel-mixed eleaning sAWHAN-on to diffuse through the

pores and down the fibre length, which raised the

filtrate vessel level. This step ma{lﬂﬁge ended when 1hg
3.l i qihelluneses weretren dsineg ofiliquid &yl 1HR:kBa gir keipg @pplied to the
filled wwth the cleaning solution by using vacuum air

fileaR likd traid BRowesdrete sledaingf sdlbtomtordiffusesthraugh the pores and
this step the level in the filtrate tank dropped as

ddis the Gird h‘é‘ﬁ%?%ﬂiﬁg re}ié\éd) thGiltFtBrdsemivel. Tiis sktpemay be

nmay be ende en t lquid level stops falling. 5.

The, |l umen, fi.l]. i h.st.eps were repeated until
e%%%{5®?nﬁhﬁ$qh5@g9§g%ﬁ%%”%550 seconds. 6. After 1800

seconds of cleaning solution contact, the vessel was

topped up with feed. .This.allowed ft. r I ; i
il Bie wanes rerednea ety Wi B icer B8 SR E ) Hhbifguum air

part of the nodule that was exposed duriga.gge gheqn.l. th
appliethte Syslumencside pbiheaBiei@nes. nairng deIsYRP A8¢ 'gye! 1N e

solution with nodule. 8. The tank was then drained and
filtrats hack dirdppdd bsrthedicuit was petad mtaghe dibserlyineas. Thais step

data graphed in Figure 10 shows a period when the

rrﬁé bREed SgidrethearuRREler stegs Galtieg.every 24 filtration
urs for 4 days in succession, with the

5. The lumen fill and drain steps were repeated until contact time had

reached 1800 seconds.

6. After 1800 seconds of cleaning solution contact, the vessel was topped up
with feed. This allowed the remaining free chlorine in the cleaning solution to

contact with the part of the module that was exposed during the clean.
7. The system was then aerated to maximise contact of solution with module.

8. The tank was then drained and flushed with filtrate before returning to

service.

The data graphed in Figure 10 shows a period when the cleaning regime
was performed once every 24 filtration hours for 4 days in succession, with the
module operating at 1.7m3/hr with a 30 minute backwash interval. Chlorine in

the form of sodium hypochlorite (NaOCI) was used, the average free chlorine



nodul e operating at 1.7nB/hr with a 30 m nute backwash
interval. Chlorine in the form of sodium hypochlorite
W@ himesp1nas used, the average free PCT/AU2005/001919
chl ori neconcentration during the clean being 100 ppm
Feed water turbidity was betyween 60 - 90 NTU
t hroughout. The data shown in Figure 10 illustrates
the regul ar, reduction in transnmenbrane pressure (T :
NGt oBaEHTDete 575 Biise IIOnPPOT- t RESRnUarg fifbldity was
seeks to mnimse the anount of chem cal required by
batigerg60 + 9 diTéhthieughguit o t he nenmbrane tank, whil st
nonitoring resistance through the nenbrane during a ) )
r ecTheuldatta oshewagéni Figune dDedhistiptes othes sregolasnireduction in
addi ti ons can cease when the further addition of

tr‘éh?ﬁe?ﬁdrah@ﬁﬁésé&e%'TMF@)eﬂdvﬂng bachefdarne resistance
e e I

ow a predeterm ned l'evel, hence m ninmising the

|
5 S[‘g gest_%pﬁéf‘rﬁéﬁté‘f*lﬁgiiﬁ\?éntiﬁﬁ%'ébké'%ﬁ%ihﬂni_tse%é'a%ljm@f

€ resistance value can be nonitored during

iltrate recirculation. Typicall ' t :
chpaidr hgo b Ba eBnd hincBrr el Yo B o Bl BRRR s
recirculated at the start of the cl ean o%, (?I I %‘[f‘Ed in th
ngnilesingdeaigtanng threpohs Beknamsane AUNRE Aiegyeulatipp siage in the
present enbodi nent, the chem cal cleaning solution is
cleamiing ptamesd. {Ghrersisabadditionsicar seasewhendfpl furthenaddition of

m nutes) every 15 - 30 minutes during the

cherliéagsadd DcIFARRSin tAbimembidesistabcabelaveaisedetesmined
to be neasured periodically throughout the cl eaning

10 1&Vel e W}ﬁfhiéiﬂg g@%éﬁgﬁni Bf ERsdsBt AHEtRicBPAgént used in the

recirculations ow a predeterm ned val ue (for

ﬁxa%e -0.1) the cleaning process has recovered the
: FH%?@P ormance at that chem cal concentration and

]t 3: Hl}g reé%éei{/a@g%% g@g&gp%@r?ﬁg %iltt]r%tg ggci;tiiu?a io%f.
Typically, during a standard cleaning procedure, the chemical cleaning solution
is recirculated at the start of the clean only, followed by up to 48 hours of

15 soaking of the membranes. In the present embodiment, the chemical cleaning
solution is recirculated for several minutes (for example - 3 minutes) every 15 —
30 minutes during the soak/aeration steps, allowing the membrane resistance to
be measured periodically throughout the cleaning process.

When the change in resistance per 3 recirculations drops below a

20 predetermined value (for example -0.1) the cleaning process has recovered the
maximum performance at that chemical concentration and further chemical
agent is added. When the addition of further chemical agent effects the
change in resistance by less than the predetermined value per 3 recirculations

(for example - 0.1), no further recovery can be achieved and the cleaning

25 process can therefore be terminated immediately. Conversely, the cleaning



change in resistance by |l ess than the predetermn ned
value per 3 recirculations (for exanple - 0.1 ) , no

w0 eobher31y ecovery can be achi eved and the cl eaPCTigu2005/001919
process can therefore be term nated i medi ately.
Conversely, the cleaningpotepsial can be naxim zed by
extendi ng the cl eaning process so that the change in

resistance per 3. circulatiqgns is be [
pgicatB Gmbn BipavAss] BipgisnEMiy e i Mo BrégiefyStnat the
resi stance value variation of the duration of fhe. |
cleargminTgsistannssper deirewations ishelpw &6 Pﬁeﬂéﬁﬁr%éed vaiue.
using citric (CIP1) and chlorine (Cl P2) cleani na%_
FrRuestd.shidefsea yramh obrasistancapalushvaviation ofthrideration eftbe
vol une of chem cal agent begins around 100m as shown
cRlanfhd §oebs€hrithoadifesht clexmig ighmes usirentitris¢C1P1) and
resi stance. The ampount of chem cal agent was further
L 0C and Cresulting in further

> Ch@@'béi?@iz)ﬁe%%ﬁtgesi stance. Once the vol une of
chemj cal. agent reached . , ORI :
res %rﬂeaqeﬁé%ggﬁﬁbg’&%‘gﬁ?’gﬁl@g%r gf({]\gola stéagy rgltcg{ %gent
as shown at D and further increases (E).in em cal
beginstararad AORAMas shoverat AA?SM'PeﬁOE'”s% g‘@b'ftcﬁ‘Q%QB‘?RJWemSF‘bra”e
chem cal agent added can be ceased w t hout adversel)(]
reditaotenJ hehemoletof chemicatagentavas fusey égreased as shown at B
transnenbrane flow It will be appreciated that using

ahlBeC AN gRAfIheneatedsesiis npmbraneaesistateteer @noe the volume
resi stance profile during the cleaning process for a

10 ofP@hbhfd %geﬁ?f&{c‘ﬁ% FHIAPGORR thedhemBRAng vesistante chaage
resistancé profile can then be used to predict the end

eI E Rty Tg Ll 8t S AR moreases )
RS ot ot Sa T alSFed: 218 o R IHONREL fflbPagent
a?ifléreh%r: g;bg,@;ad%/ﬁ @Smgelggﬁgc%iﬁg trtu%/ gl%a%?ndg Srrcr)%légts and
recovery in transmembrane flow.

15 It will be appreciated that using the above measurements it is possible to
determine a resistance profile during the cleaning process for a particular
membrane arrangement or configuration. The resistance profile can then be
used to predict the end of cleaning process time, half-life and reduce chemical
use in simultaneous cleans of similar systems. The resistance profile may be

20 further used to determine whether chemicals are required to be added during
the cleaning process with the type and amount of chemical being dependent on
feed and foulant quality.

Typical cleaning solutions which may be used include acids, caustic

solutions and oxidizing solutions (e.g. chlorine).



feed and foul ant quality. Typical cleaning solutions

whi ch may be used include acids, caustic solutions and
wW®@zi0di0ai3ny sol utions (e.g. chlorine). Thg i nventCDAUZ@F/001919

be enbodied in a simlar apparatus to that described

in the aforenentioned Inte(f¢yional Application No.

W3/ 02779 appropriately nodified to operate in

gg%ﬁ&gﬁg&g&g%hgggE§ﬁ¥ﬂé§ﬂéa%ﬁa$Et'%gaghémﬁﬂékotﬁ%tdescﬁbedin

exenplifications of the invention are | bl i t hout .
thaeptarementibned Intesnationalt Applicatinge Ng- %&’?P@Zﬁ: gipropriately

described. CLAIMS: 1. A nethod of cleaning perneabl e,
mbélficaVoraperaianiaaccardemcarwitn feniaventive redhedipe wher ei n

a pressure differential is applied across the walls "of

t heye AN BB aRfecidtetitRMt fiRtNer artsodimentssad eremplificatians of the
suspension, said |liquid suspension being applied to

BB g SBSP HBp o i eRone ho

wal || s wherein: (a) sone of the liquid suspension
des@ed- t hrough the wall's of the menbranes to be drawn
off as clarified liquid or perneate fromthe holl ow
menbrane | unens, and (b) at |east sone of the solids
are retained on or in the hollow nmenbranes or
ot herwi se as suspended solids within the liquid
surroundi ng the nmenbranes, the nethod of cleaning
conprising the steps of; i) renoving, at |east
partially, liquid fromthe filtrate side of the
menbrane; ii) renoving, at |least partially, liquid
fromthe outer side of the
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menbrane; iii) applying a cleaning solution to the

outer side of the nenbrane; iv) applying a pressure
walpdobmeadmd i al across said nmenbrane wall to cauRBeT/AUZON5/001919

of said cleaning solution through said wall fromthe

outer side of the nenbrane i4j¢ 0 the nenbrane |unen to

at least partially fill said lunen with cleaning

solution; v) isolating the outer side of the nenbrane;

pplying a pressurized gas to the filtrate side of

the nenbrane wall to cause flow of the cleaning t of
1.sol Amethod af icleanindpersigalie shellow MeNBRNERdN AErAFaRement o

wal | ; vii) accunul ating the increased pressure
theeypé opetleiora phessard diffesential if appliechasrosaitee wallg of the

result of said flow of cleaning solution; viii) o
pdifh&e NGolldie nidinatsiaHES irnpidrsed iy ligalddsyspession, seid lgpsd

to said filtrate side of the nmenbrane wall to cause

345! 2Hsftin ﬁé'l'ng élﬂpﬂégité‘%eSS &l isRRrabB10P Hed psRiuS HEHIY Bieenbranes
om er 'si

e ou e to the filtrate side under the
ef fect of said cuymul,.at e S « Si de
togndiing ang ekt HiEER Bt iyPhETRRhTbERs Wit Stieteint 5T
1 wherein the cl eani n% solution is a EFem' ?@h clq nifn[ﬁ
sol @i on. semeiiae HaddUSEEasion RIPSEFANTRUENRE MG Oithe
step vi) gas is applied such that the nmenbrane | unen
i s subst améerabiapedtabeattaon off aaslaitfieddiayid enpermeate from the

met hod according to claim 1l wherein the pressure is

accunul at adlléw nsérapranid lumensaagds space provi ded on
the outer side of the nenbrane wall. 5. A nethod

accgmji Ng ot Rt 8bMelorhE sBIids hRerdamesureor i the hollow
acc lated 1n step
membranes or otherwise as suspended solids within the liquid
surrounding the membranes,

the method of cleaning comprising the steps of;

i) removing, at least partially, liquid from the filirate side of the
membrane;

i) removing, at least partially, liquid from the outer side of the
membrane;

iii) applying a cleaning solution to the outer side of the membrane;

iv) applying a pressure differential across said membrane wall to

cause flow of said cleaning solution through said wall from the
outer side of the membrane into the membrane lumen to at least
partially fill said lumen with cleaning solution;

V) isolating the outer side of the membrane;
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vii) in a bladder arrangenent. 6. A nmethod according
to claiml wherein the differential pressure of step

w0 2006/0663p¥ ovi ded by appl yi ng gas pressure to tPer/aut®s/001919

side of the nenbrane wall. 7. A nethod according to
claim1 wherein the differe_n{égl pressure of step iv)
is provided by applying a vacuumto the filtrate side.

8. A nmethod of cleanin r meabl e, .hol | q '

an ¥ r ang8RBYNGA pf‘?%“ﬂ?g@ IR 3‘? gi‘%f"g akﬁ E‘gg ﬁgf% fiéritbrafle wall
differential is applied acraoss the vvaIIIs( of the .

per meabl efo erusecfiowehtheareaningseidien backdo theguter side through
suspensi on, said |iquidsuspension being applied to the

out er sur frecmentibrahe wally ous hol | ow nenbranes to i nduce

and sustain filtration through the nenbrane walls

wheggi Nt GadumAEBIngfthé Merddsedi lessispaitsielypedassihe outer side of
through the walls of the nmenbranes to be drawn off as

f
clarifiedgyligul r r@Rioane
umens. * afif yane B TSR of SR diP ol Regfg SRItcR:
retaj.ped on or. in the holl ow e W
Suspihacardereag top PstoaPn RNt P Bt aiHg opds <8
menbr anes, the method of cl| eaning conprisin he ,st eps
of; i) appltiatagide @Itaﬁm%b@@?dﬁ’%bﬁ‘?q S@Hk’“gpﬁia'gfz}elaﬁ'@g
menbrane wall; ii) applying a pressure differential
across saisdlutienitheughwaid membrane &om He ewtes gidg to the filtrate
cl eaning solution through said wall fromsaid one side
of the merijeansdarahé effect dfeaid hecurauldéedpresserenemtheamder side
wall; i1ii) applying a reverse pressure differenti al
across saiqf e ndQd). to cause flow of said
cl eaning solution through said wall from

2. A method according to claim 1 wherein the cleaning solution is a chemical
cleaning solution.

3. A method according to claim 1 wherein, in step vi) gas is applied such that
the membrane lumen is substantially drained of cleaning solution.

4. A method according to claim 1 wherein the pressure is accumulated in step
vii) in a gas space provided on the outer side of the membrane wall.

5. A method according to claim 1 wherein the pressure is accumulated in step
vii) in a bladder arrangement.

6. A method according to claim 1 wherein the differential pressure of step iv)
is provided by applying gas pressure to the outer side of the membrane wall.

7. A method according to claim 1 wherein the differential pressure of step iv)
is provided by applying a vacuum to the filtrate side.

8. A method of cleaning permeable, hollow membranes in an arrangement of
the type wherein a pressure differential is applied across the walls of the

permeable, hollow membranes immersed in a liquid suspension, said liquid
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said other side of the menbrane wall back to said one

side of the nenbrane wall. 9. A nethod according to
web@snve31aherein the differential pressure of BCEAURGF/001919

is provided by applying gas pressure to the one side

of the nenbrane wall. 10. A Jgwethod according to claim

8 wherein the differential'ﬂazssure of step ii) is

provi ded by applying a vacuumto t ot her si of
surpepsionc&iRg APPlied tathePHEH SHHee? GPF P‘aroé#sg?‘?(ifoé" elfranes
wherein the reverse differential pressure of step iii)
td indpce@uhdsdstain fliptipnrihrayeh thegpembeane wals Viiare: si de
of the nmenbrane wall.12. A nethod according to claim$8
wheggi Nt femeesrans siqdidf fuspensioal passes shireighfthetvedlsi afithe
I's provided by applying a vacuumto the one side of

the mempr tF\%hbs td Be dralldipds areiviediliq@id or pbaneats from the
wherein the cleaning solution is a chem cal cleaning

sol ution. h%‘ﬁd%ﬁ‘%bm lgfn%q.lsggﬂang per meabl e, hol | ow

menbr anes angenen the type wherein a
pressure djfferential, s applied across. the. I
Pheter meableast RoMeci; hesBronas (rBrogy Phnane: BBy
suspension, said |iquid suspension bei appl ied to, .
t he out er mambmeesdsir athervdeg 6§§Uﬁ8?'i“g%? g@\‘@‘f‘ﬂﬁg@ %8 liquid
i nduce and sustain filtration through the nenbrane

wal | s wheserroundiapg teemeembranes, | i qui d suspensi on
passes through the walls of the nenbranes to be drawn

e ﬁ)oeﬁ%d:bﬂélbbhﬁ'@ torfipiisingthestepeasfe from the hol | ow
nme

rane | unens, and (b) at | east sonme of the solids

areretai ggglﬁ&gé‘;}]‘%@ﬁ@g?@ﬁbh QWoRBEM@BE thedmembrane wall;

othQrvvise s wthinthe liquid

Sur Ei)oundl 2\ p}yl?r(lag 8 pr}gggunrgsdifferential across said membrane wall to

cause flow of said cleaning solution through said wall from said
one side of the membrane wall to the other side of the membrane
wall;

iii) applying a reverse pressure differential across said membrane
wall to cause flow of said cleaning solution through said wall from
said other side of the membrane wall back to said one side of the
membrane wall.

9. A method according to claim 8 wherein the differential pressure of step ii) is
provided by applying gas pressure to the one side of the membrane wall.

10. A method according to claim 8 wherein the differential pressure of step ii) is
provided by applying a vacuum to the other side of the membrane wall.

11. A method according to claim 8 wherein the reverse differential pressure of

step iii) is provided by applying gas pressure to the other side of the membrane

wall.



t he nmethod of cleaning conprising the steps of; i)

renovi ng, at least partially, liquid fromthe filtrate
W@ @e/0ef314 he nenbrane; ii) renoving, at |east PCT/AU2005/001919
partially, liquid fromthe outer side of the nmenbrane;

iii) applying a cleaning solutjon to the outer side of
the nmenbrane; iv) applying a pressure differential

r ' fresal de
BRI pERTERR, St e WhelFH{ER: R8s it pressure of
si de_of the rane.into the rane l.uynmen, . to at
a0 TpBRQAE] Gy FPPIYINAR 2P BHOMNE MBI RIREA S membrane wall.
solution;v) applying a pressure differential across )
i i\ metiodaecatding toclaimug whereinthg cleaningsaldlinmig a chemical
solution through said wall fromthe |unmen side of the

diearimgeelutiack to the outer side of the nenbrane |unen.
15. A nethod according to claim 14 wherein the

5 .98 Hethed bf elcifingtbetriestiiephotlow Mmeprtdneedn By arrangement of
appl ying a pressurized gas to the |lunen side of the

I _ ol . ,
PETBEHRNEh 2 o RS AE eI ct s dTel KID TS ARt o fhe
A et hod according to claim14 wherei.n th S Qf i
Rl falgwReraeaps a3 6 uiBeBhBR® sl ouid
the cleaning solution is al ternatelt\; noved from one
syspensionthringarplies & the ewer suHase PhEsuRProusd GleRpMgmbranes
wal I. 17. A nethod according to claim 14 wherein the
toliedusengnd slstaimfiltiatioa thromghdhe neérsbrangwatls whesein: 18.
A nmethod of controlling a chem cal clean of a nmenbrane

10 CONa) Si NGome of the liquid suspension passes through the walls of the

membranes to be drawn off as clarified liquid or 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,
the method of cleaning comprising the steps of;
i) removing, at least partially, liquid from the filtrate side of the
membrane;
ii) removing, at least partially, liquid from the outer side of the
20 membrane;
i) applying a cleaning solution to the outer side of the membrane;
iv) applying a pressure differential across said membrane wall to
cause flow of said cleaning solution through said wall from the
outer side of the membrane into the membrane lumen to at least

25 partially fill said lumen with cleaning solution;
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measuri ng pH and/ or nenbrane resistance of a nenbrane
for at least a portion of said clean; and ceasing said

we b@aieaho cl ean when pH and/ or nenbrane resi stBCAU2005/001919

attains a predeterm ned value. 19. A nethod of
controlling a chem cal cleanoygf a membrane conprising:
measuri ng pH and/ or nenbrane Tesistance of a nenbrane
for at |east adoortlon of .sai d

ean
el apbed t PRBIHIS AIRECEIUE %@maﬂ%ﬁmﬁ@sa' iplrtgane wall t
change of pH with respect to tine d tg;‘ anaal
rate of cnaug@ﬂ@wcpfeemd@le@mr&s@uam reden e wailrf.romthe
respect to tine; andceasing said chem cal clean when

dpH dt andéraendRielof thiet mentbrane badietethe oetersideief theo.
A nmethod of controlling the chemi cal cleaning of a

filtrati onnSybiaHB k@fBNH.1 Si ng the steps of neasuring
menbrane resi stance of a nenbrane for at |east a

(k ;tﬁl Afdt éd 3 c?r rbla ﬁ%ﬁ Elnechégﬁégsdrbrﬂiﬁéferﬁiﬁﬁn step v)

a ra ange nbr ane

res dRY/ dt th t .t t

@Iw B%cya wag’ea é“reaapé% ﬁgmf’r@'h&%&%@%otﬁ*é"%embrane
clean. 2 1. A method of control [ ntgﬁ’gtﬁ? aﬁlthrlgﬁgnthe
chem cal cl eaning agent present during the cl ean;

membanengalrenbr ane resi stance of a nenbrane for at
| east a portion of said clean;
16. A method according to claim 14 wherein the steps of the cleaning method
are repeated in cycles such that the cleaning solution is alternately moved from
one side of the membrane to the other through the membrane wall.
17. A method according to claim 14 wherein the cleaning solution is a chemical
cleaning solution.
18. A method of controlling a chemical clean of a membrane comprising:
measuring pH and/or membrane resistance of a membrane for at least a
portion of said clean; and
ceasing said chemical clean when pH and/or membrane resistance
attains a predetermined value.
19. A method of controlling a chemical clean of a membrane comprising:
measuring pH and/or membrane resistance of a membrane for at least a
portion of said clean;
measuring elapsed time of the clean;

calculating a rate of change of pH with respect to time (dpH/dt) and/or a

rate of change of membrane resistance (dR/dt) with respect to time; and
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ceasing the increase in chem cal cleaning agent when

menbrane resistance attains a predeterm ned val ue. 22.
Wa20e0bsd according to claim2 1 wherein the ap@OAU2®5/001919

cl eaning agent is increased increnentally. 23. A

nmet hod according to claim 2 or claim22 wherein the

pr edet er mi ned val ue approxinftes a steady-state val ue

cl ai #2810 gl cerycel Sepainen dDErRRR AR R EleRe A
is amcrofiltration or ultrafiltration nmenbrane.
predetermined value.

20. A method of controlling the chemical cleaning of a filtration system

comprising the steps of

measuring membrane resistance of a membrane for at least a portion of
said clean;

measuring elapsed time of the clean;

calculating a rate of change of membrane resistance (dR/dt) with respect
to time; and

using dR/dt to calculate a duration for completion of the clean.

21. A method of controlling a chemical clean of a membrane comprising:
increasing the amount of chemical cleaning agent present during the clean;
measuring membrane resistance of a membrane for at least a portion of

said clean;
ceasing the increase in chemical cleaning agent when membrane

resistance attains a predetermined value.

22. A method according to claim 21 wherein the amount of cleaning agent is

increased incrementally.

23. A method according to claim 21 or claim 22 wherein the predetermined

value approximates a steady-state value of membrane resistance.

24. A method according to claim 18, claim 19 or claim 21 wherein the

membrane is a microfiltration or ultrafiltration membrane.



