WD 2006/ 066319 PCT/ AU2005/ 001919 -1 TITLE: O eaning
in Menbrane Filtration Systens FIELD OF THE | NVENTI ON

&gﬁp(%&g%gyt invention relates to the backWas{;l('g]r)zgm%sm1919

rmeabl e nenbranes used in nmenbrane
filtration systens and, in particular, to an s
i nproved net hod of backmashrﬁg'and cl eaning the hol | ow
per meabl e nenbranes. BACKGROUND ART Any di scussi on of
the prior art throughout, the ecification should in
nETL&b)QIB@""B@)HSMSE‘tb eiltrgtion Sg%\"%n that such prior
art is wdely known or forns 1o part of conmon
JdRbPAPF AirMNERTION t he fiel d. Known backwash systens
include those described in our earlier |nternationgl
App! iTde presemidnventon feates do threbackwashingiheBow EMiaRIR
Is incorporated herein by cross-reference. During
gheabranesofsedaninennrene ltwsinn systeaisuande ispatieular f{ean
flowed through is the nenbranes and their perneable
viaprevetdomethedrof badkveashing andhelepeing ieebeliavepermeails i ng
the cl eaning solution under pressure assists the
rraembeanesof foul ants fromthe surface. The typical
known cl eani ng procedure for menbranes involves

M RBKERDUNDeARENDr anes in-situ. This procedure adds a
set concentration of chemcal, 20 commonly 2%citric

aci d Tty duessin 2@ pridiRdthpaugHeodihenspegificatibroshdutd in no
to the menbrane in a solution of filtrate. This

UsalRbd YoRSiEMIEE adtar Adinigbiah ithatfsucheribnart iswidelyckream orgorms
period, after which the cleaning solutionis filtered
thdrPaetohRen JERERI RiGvIaAge Ittt flef. s oak.
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 mémbranes 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.
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WD 2006/ 066319 PCT/ AU2005/ 001919 -2 As the nature of
menbrane fouling varies according to feed quality and

t hrough t he nmenbrane and hours of
\géggagéolgég#?( the amount and | ength of chem call)CTé‘?lgg?Wo%gw
required in each situation also varies. This often
results in a one process frés all approach where a
standard chem cal cleaning stage is 5 applied .
r egaAdithes Batore phmeasans fogling varigsrapconding ta-tegd aaalify @gd
| arge anounts of cleaning solution being used
typee des Fueigly the mambranesdriddure bf apeatipo.fhe asusint apd length
envi ronnental inpact in disposing of the waste )
obLhiernical cléaring ceqamedrig each situatiphetsn vanlesClibsusieroesults in
THE INVENTION 10 It is an object of the invention to
euETeaErotesy fitatalllappeiach miere aatandane chemicabeleanihg stage is
di sadvantages of the prior art or at |east provide a
wppfiad reglatdtesndt the amobecof fduig.t Thie chhledd dpeetamaurds of
present invention provides a nethod of cleaning
RRIEAR AutioRM ity SSNIMrRIReSsdrily With 8¢ afige i atidiibndilvest and
type wherein a pressure differential is applied
RAVIASTMEME M’ﬁidc?incﬂi?déﬁ\glﬁﬁﬁ@%bﬁa sdIotidrpaftcklgEmiy isnes
imrersed in a liquid suspension, said liquid
%Hﬁ%ﬁﬁéjon being applied to the outer surface of the
por ous hol | ow nenbranes to i nduce and sustain

f?&%@@?‘{ﬁ%wq QBNVERITWr ane wal I s wherein: (a)

I'i qurd suspension passes through the walls

R s e
(R B STBS BR s A Eaf et R
Wit h,ibxgccgr %gl tio%ufilrgt assplérc{, %%n&jeggnttin\?eﬁ'{%ﬂbﬂrgﬁgés 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 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
hollow membrane lumens, and

(b) at least some of the solids are .retained on or in the holiow
membranes or otherwise as suspended solids within the liquid

surrounding the membranes,

the method of cleaning comprising the steps of;
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the nethod of cl eaning conprising the steps of; WO
2006/ 066319 PCT/ AU2005/ 001919 -3 renoving, at |east
rti liquid fromthe filtrate side of
ﬂ@@h@@ﬁ@;{gi i) renoving, at |east partially, f?‘gﬁ%“’s"’“””
fromthe outer side of the nenbrane; s iii) applying
a cleaning solution to the odter side of the nenbrane;
iv) applying a pressure differential acrqss sajd
menbijane” werhovirg, ad iaasé partially, Jjﬂwéaframéh%é'ﬁf% sidgifithn
t hrough said wall fromthe outer side of the nmenbrane
into the nmeebrtaaee;l unen to at least partially fill
said lumen with cleaning solution; 10 v) isolating the
out effi) si derevhovitig; arbeest parially iipuiddping thryouteppids Shifez ed

gas to the filtrate side of the nenbrane wall to
cause fl ownefmbdraeecl eani ng sol uti on back to the outer
side through the nmenbrane wall; vii) accurulating the

i ncrggsed ppsIgingraecleamey splatiormto theeubertside of ithe roémbrese;
the menbrane as a result of said flow of cleaning

sol uhyon;  Mppliihgrepreasiraaiffdrentiz asmss saipplimbrariewalhiod
pressurised gas to said filtrate side of the nenbrane

wal | to caygsgd fdwopEaid dicdniganitivon thrightsaiwalhfromghe
said nenbrane fromthe outer side to the filtrate

si de under oﬁ%? skl e Flenfithfe #ES HEMBhRAaRYE RSN 16 dieast
the outer side 20 of the nenbrane wall. For

pref er ence b hie¢hif 8RHMme® With cRiaininy olgafi cal
cl eani ng sg%ut Ion. Preferably, in step vi) gas,
us ual\)) Y al [goidtifig MO LLRS sRd? thd Aenttigng®dr ane

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
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 ciéaning
solution through said membrane from the outer side to the filtrate
side under the effect of said accumulated pressure on the outer side

. of the membrane wall.

For preference the cleaning solution is a chemical cleaning solution.

Preferably, in step vi) gas, usually air, is applied such that the membrane

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

membrane wall or alternatively in a bladder arrangement.
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l umen is substantially drained of cleaning solution.
Preferably the pressure is accunulated in step vii)

{r,%,ré Jod3s; s Pace pr ovi ded on the outer side Ofpéﬂﬁuﬁésmowm

rane wall or alternatively in a bl adder
arrangenent. WD 2006/ 066319 PCTI AU2005/ 001919 -4 The
differential pressure of step™<) nay be provided by
appl ying gas pressure to the outer side

nmenbr dne

f th
renti PERPSHISPHSIRRY VA ”\Pé(&ﬁﬁﬁot"éeg rbé{tapr%mirtq %%

side. According to a further aspect the present

i Presure P the eufersidaoiibe mrmbrane wal ok by appiyirg awaeywn to the
hol | ow nenbranes in an arrangenent of the type wherein
afifralesidee differential is applied across the walls of

t he perneabl e, hollow nenbranes inrersed in a liquid
suspeAscadingsaiadutthepaspestihparesant inventign pegyiddseddmethod of
the outer surface of the porous holl ow nenbranes to

5 | chanéggratmeablst holifow mMenmbadnemintam arvytgentant wf the type wherein
wal | s wherein: 10 (a) sone of the liquid suspension
pagsressurbdifiegintiahz applied aofost ltiee waksbi theeerineable, dolkwn
off as clarified liquid or perneate fromthe hollow

memeIhivaRes RB’sedand ligaid suspbasish, sidiquid stifisersn istsing
are retained on or in the hollow menbranes or

obpplied Bahasuiy SNAase e theldorsusmdlibivimeRdrandtodndube and
surroundi ng the nmenbranes, the method of cleaning

C a0Bta|rshlfPstiontBrotighRBe Plembrana Rl Whgréin <! eani ng
solution to one side of the nmenbrane wall; i)

a dYnfStithe li@{hfdfsﬁfsgaﬁ%i@ﬂx péé‘s!é%stﬁi'oi@h%gwg% 8fthe

cause flow of said cleaning solution through

sai d wal | frﬁé’rﬁb?gie%ftgi%ﬁgﬂﬁ\gﬁ%)ﬁ%sc&laﬁf,é% IRRPE S MR from the

to the other si

(b)

rane
hollow membrane lumens, and

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;
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;

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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wall; ii1i) applying a reverse pressure differenti al
across said nenbrane wall to cause flow of said

' sol ution through said wall from sagj
‘gbg@g}g%‘%e menbrane wal |l back to said one ?icgéA 025@{0%1319
25 nmenbrane wal |l . WD 2006/ 066319 PCT/ AU2005/ 001919 -5
According to yet a further a§pect t he present
i nvention provides a nethod of cleaning, per magbl e,
hol | Aocordingrtayeta fuithen aave@ﬁ@%ﬁ@ﬁﬁﬂb‘f\%&@“ﬂ% es a'method
wherein a pressure differential is applied across the
wétleaniol fdnaepiienaliohementpoinasvin prasiangegienh e dwps n
a liquid suspension, said |liquid suspension s being
aperéinc pressre diferentiat isrdrpdtied atrashdhewealtiaf thelpepweable,
menbranes to induce and sustain filtration through
hbRowene Bragesvithinersakidn eiliquid( suspsosien,afaid liquid pdgpension
suspensi on passes through the walls of the menbranes
bRirkeapHliaio Bef olasr sUrfaickfdr etk porgus toltiow prermeanes forioduce
the ™ hol | ow nmenbrane [unmens, and 10 (b) at |east sone

ghd lSi8tahPhitEforiPou tAbiiRsmBranewall wHezeinol | ow
nmenbranes or otherw se as suspended solids within the

liquig) sugsaepeinediquitespBREBA Passédt@ramihitnd walls of the

cl eani'ng conprising the steps of; i) renoving, at
| east part jabl¥andd 8WeiaiABrt Aclblifidd Rjudd 61 perm@datd from the
15 nenbr ane; ||? renoving, at least partially, liquid

fromthe o bA®re fufensBRPr ane; iii) applying a
cl eani ng sgélﬁﬁ@n t(g t%e outer side of the menbrane;
(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) 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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iv) applying a pressure differential across said
menbrane wall to 20 cause flow of said cleaning

‘&@l«%@"ﬁ"}gﬁ 19t hrough said wall fromthe outer Siﬁ%ﬁzo&s%ﬁwm

Into the nenbrane lunmen to at | east
partially fill said lumen wth cleaning solution; v)
applying a pressure differential across said nenbrane
wal | to cause flow of said cleanjng, solutian through
sai d wal | lumsn Q!%ommb@@égwk eA‘EJ%@b%E%BE@‘fg
-6 lunmen side of the nenbrane back to the outer side
of the nemembiend lumemn. Preferably the pressure
differential in step v) is produced by applying a .
pr es Pusforsty thespressurd differantishinesten weisprodursdyranPhirg a
wall to cause flow of the s cleaning solution back to
tohessovized gas tetheffitatgside béthesmemaranewsdl to carse toweahingg
process can be repeated in cycles such that the
Aelig@lutdnl bick tntheoutdrtsietertataigh the redniiranewelhe si de
of the nmenbrane to the other through the nenbrane

wal | ThEkfapineaRscessaan ibe repgdieeih ¢ylesesuoch drat éhe cleaning
subnerged in an open vessel to as well as pressurized

B IEbA REaldrhAteRirhéVedTion 6@ sidAet tedinambranesto dhérether through
aspect of the present invention there is provided a

gL hthbne@alirol ing a chem cal clean of a nenbrane
conpri sing: neasuring pH and/ or nenbrane resistance of

a ne leafthd bd ® mePibrbRds Qibridigdd M @aBperndssel
15 c@%ﬁgcésgicgﬂcheﬁnﬁ)@al cl ean when pH and/ or menbrane

e R e B e e 'on there 15
br OViA%ggrdﬂxg 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 atleast 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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nmet hod of controlling a chem cal clean of a nenbrane
conprising: neasuring pH and/or nenbrane resistance of

rane for at least a zo portion of sai ;
%8::\5@{??0?%&9 el apsed tinme of the clean; calcul a?gﬁé&g@s/ooww
rate of change of pH with respect to tinme (dpH dt)
and/or a rate of change of -nenbrane resistance
(dR/dt) with respect to tinme; and ceasing said )
c heniszebrdingetorandieer apecoef the grasentiRventicn thereis psovided a
predet erm ned val ue. WO 2006/ 066319 PCT/ AU2005/ 001919
- hethod @f donigolting treatHeemical siEaningadf a fitatioresystem comprising the
invention there is provided a nethod of controlling
tdigpsdrem cal cleaning of a filtration system
conprising the steps of neasuring nmenbrane resistance

of a nﬁ@é&ﬁﬁ? endrAbraak re§iahcdoPhidnatrané forsatsedst agioetion of
neasuri ng el apsed tine of the clean; calculating a

ralgcebnchange of nmenbrane resistance (dR/dt) with
respect 'to time; and using dR/dt to calculate a

dur atnil@a%ufriﬂ% e%ﬁ“éfghefﬁﬂé’é‘ftﬂé cldag: cl ean. io According to

anot her aspect of the present invention there is

prov i‘?%%%a’{’ing BLROdr Harig8RY hitnhbrafe fedistantE AR/BY) 94t rébpect
a rane f

me onprising: ~ increasing the anmount 0O
chg@l Q%'ndd eani ng agent present during the clean;
n@ ufi'-ng menbrane resistance of a nenbrane for at

| eaStus%gpo%ltdjt %ncacféulatiesa &‘?}jagorﬂo?%efnpleﬁon 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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ceasing the increase in chenical cleaning agent when
menbrane resistance attains a predeterm ned val ue.

Pref e t he amount of cl eaning agent is [pgr
Wﬁc@%‘%@%’ally For preference, the predeter#‘zr{l‘}c{égﬁ)ﬁﬁ&1919
val ue approxi mates a steady-state value of 20 nmenbrane

resi stance. Preferably, the -®enbr anes are

mcrofiltration or wultrafiltration type nenbr

BRI EFigDESCRI Bo\gs| aomimplifiedRagetional sidst elevaton of & tembrane
enbodi nents of the invention will now be described, by
waydwé witixaripiver pottipn ofi the metlulecimeersed tifea chemical clgning
acconmpanyi ng drawi ngs i n which: WD 2006/ 066319
ROtiAh2MaLo0drD4aSplieddo Fhg ureentirang howensa si npl i fi ed
sectional side elevation of a nenbrane nodule with a

| oweFigues tiboBhows tare entarigdde seatitmes aiew of dhe Haainbenes in the
cI eaning solution and suction applied to the nmenbrane

|H<!ﬁ§étéd rEdievbEFigareh@ws an enl arged sectional view of
the menbranes in the 5 indicated region of Figure 1a;

Fi gurgyte ThemswaraneBhRirgRy seetinabvidw of eive ahetrbeanes in the
menbranes in the indicated region of Figure 1 a;

E?&Hét%dﬁggéﬁeﬁﬁg@réwm ified sectional side elevation
0 fane nodule of Figure 1 with a |l ower portion

of t[ﬁ% IR BY &nhbEeS SEhplifec? sERRINAF &ide 2vati®AING membrane

solu n and pressurlzed gas applied to the nenbrane

ltrﬁgguﬂré of | IE) acﬂjgé ql \%ﬁh %\hBW%r gBrt%W A'HE thoRid i@lsed i Biemical

I cated region of Figure 2a;

Fi, qur
s s a%ggﬁdnﬁae% éfJ Ay T B s o
of tri%‘:“guredﬂ) ShoWEELS ehidrfed S%El%ﬂa?auiew 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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15 cl eaning solution and suction applied to the
menbrane |unmens; Figure 3b shows an enlarged sectiona

' f the nenbranes in the indicated regl @5
%3%@“@ ; Figure 3c shows an enl arged sectiona RVIR-) e

of the menbranes in the indicated region of Figure

3a; 20 Figure 4a shows a si rrrﬂ'i fied sectional side

el evati on of another enbodi ment of a nenbrane podu

wi t h Figurewksr shows iaonenlpraese seetinngk V'quﬁértB%dnf?‘ﬁbé?“eS in the
chem cal cleaning solution and suction applied to the
editatad eegibnoERiguré4dagur e 4b shows an enl ar ged

sectional view of the nmenbranes in the 25 indicated

regi Gigwé 5a ghows 4asimiified Geciees derervatinn ©5/the rogmbrane
-9 Figure 4c shows an enl arged sectional view of the

IFRGEI & RE Fidure Uh@ith iangiveapedioneditoe nafdufé gnmerséd;in a chemical
Figure 5a shows a sinplified sectional side elevation

Hedrlivey SRUHBRARI pRRIWIARdJasklise telthe hémardnaiamens;
portion of the nodule imersed in a chemcal 5

cl eariigige S5H WhbRE eﬁﬂ@nl@rr%ﬁs get#®@l gaav apihé adetbrdres in the
menbrane |unens; Figure 5b shows an enl arged secti onal

I\éﬁ‘ﬁ&\é@ﬁg%@n%?%ﬁ?@@& in the indicated region of
|

gure Figure 6a shows a sinplified sectional side

el ev‘ﬁaéuﬁg oh dAghEeL < ?rﬂ?lﬁfé‘d”%btléﬁal asigeMlevagioA0 8| gnother

ower portion o he nmodule to immersed in a

%ﬁ;gao‘iﬁlenf loefag' &gn@%r\g 'rﬂ@%@@ Ay RIYCS | I&We@%ﬁ&ﬂ df Othkhfhodule

rane shows an enl arged

$861d8044n X'cﬁ@fn?cfal Eﬂgnfﬁa@yﬁﬂ)ﬂsadd”s&c%n 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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i ndi cated region of Figure 6a; Figure 6c shows an
enl arged sectional view of the nenbranes in the 15

ndi cat , . c
@B&%‘%ﬁ’?‘%’g region of Figure 6a; Figure 7a Sh%@gﬁzoos/ooww

U sectional side elevation of the rane
nmodul e of Figure 6 with a |ower portion of the nodule
i mrersed in a chem cal cl eafi ng sol ution and
pressuri zed gas applied to the nenbrane | unens; Figure
7b sFiywse @b ehbws gard eslargeidonedtionabwieys of e rFéWBPEiW%§ in the
in the 20 indicated region of Figure 7a; Figure 8a
shvsted regiombf Figaek 8&ct i onal si de -el evation of an
enbodi ment of a menbrane nmodul e in an open vesse
Wi t h FRyur@VBY shows i m enlbrddte seatibniak viewneé tiemembeanes in the
chem cal cleaning solution and suction applied to the

RAR4t88 fegibh GF FRjurd€4;2006/ 066319 PCT/ AU2005/ 001919
-10 Figure 8b shows an enl arged sectional view of the

MeMbERNgS 94 shbfs & NknpRieadséctnan sife Blayatien &d;a membrane
Fi gure 8c shows an enl arged sectional view of the

Eﬁé@flérﬁsthle ot BBdinmdi Fatigtre’ ORI dioviérgportioBast fhe module

n
I'gure 9a shows a sinplifred sectional side elevation

\clfm%{rﬂer\g@cfﬂg{ aANéherfiRAUEIEa ﬁ% ShRitiIBARAR prRRsuMedrhg appikd to the

wer portiron o he nmodule immersed in a

ﬁﬁ&ﬁh@e lﬁhj%ﬂgi ng sol ution and pressurized gas applied
e

rahe | unens; Figure 9b shows an enl arged

sectional Mi ' i adi :
551 o 4 SR A SoRAERL SHER 1O o e lreRied n e
Y SBSEETRGBR S PigiRgULe (TVP) measured

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 holiow fibre 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



over time for a nenbrane nodule of the type
illustrated in Figures 8 and 9 wundergoing a chem cal
cl ean using the nethod according to the invention;
Figure 11 shows a graph of nmenbrane resistance
measured over tine for is tw types of chem ca

cl eaning process with increnental increases in the
vol une of chem cal cleani ng agent cadded during the

cl eani ng process; and Figure 12 shows a graph of

_”E(!g?]‘[,%ﬁ;%?lé SR #G6r Bﬁé‘ﬁH?l@ﬁ)sﬁl‘ge!hbi vassel 10 to atmosphere. Upper

[ Increme | increases I n The volune of chem cal
j . ' : [ 1320
AR BoREha SRR TS o8 1520
et ndone rieAimegteEe e pRARNG, B beestaliyhy rcinvention wil

havi n re nmenbranes 6.

fibre nmenbrgne have theit / &Fi 1
| e bR ARSI VNS efcedo R B 3 Ap BRELatir B jgures 1o
through upper pot. 9. .The npduLe 5 i ai i o
vegsdf. ﬂguxﬁa(ﬁrﬁ@mwg n- UB‘e@finJ(rsﬁ??'Jag tgﬁ@gl bgle%‘i?llhg %?Wh"e_ liquid
openi ng/closing the vessel 10 to,at p ;
poenginiag ipihevestelt 0 i #lse & set HATRE Fefred hREg vegsel 101
having a port 13. One enbodi ment of the ¢l eani -
pribeesat lgssopartially.tfledhuith flE8RNGFPIYHGN 14,75, Peg Shown in Figure
described with reference to. Figures 1 to 3. As best in thi
s htaunA idiffeential sessure isthes appliediaerass g m%bfiaﬂeﬂﬁi@ﬁ’?' in this
7 after filtration is drained while liquid remaini r]g 141
i rembedimessby applying avecuurn to pagti3papithal the dgaging.gelution 14 is
The vessel 10 is then, at least partially, fill ecs

Wi drawal hestighg treo mambrang4walls BBstasselawn iif gy 4b) pad up the
A differential pressure is then applied across the

e @ReheNahich 2 Gntil inist i Isastarastiallynfited with siganindgplytion.
vacuumto port 13, so that the cleaning solution 14 is

dr awn Adsisah i PrRuresTRaamel 218 (the valbre( 8 issthannclpsed to isolate the
Figure 1b) and up the nenbrane lunmen 7 until it is,

atyds88S 4 0NRRld Frédsurkbl! @ W bbplddeaimiongh sportitiSoke the cleaning
solution filling the membrane lumen-7 and displaced through the membrane wall
15 until the lumen 7 is substéntially drained of cleaning solution. With the
vessel 10 isolated, the transfer of cleaning solution 14 through the membrane
wall 15 to the outer side 6f 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 Iumennside 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 1_5 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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As shown in Figures 2a and 2b, the valve 11 is then
closed to isolate the vessel 10 while pressurized gas

is applied through port 13 to the cl eaning '
‘P’PlzP‘f%ﬁ@“t‘%e nmenbrane | unen7 and di spl aced th’?‘g’%@"?ﬂ"é‘””
menbrane wall 15 until the lumen 7 is substantially

drai ned of cleaning solutionl2wWth the vessel 10

i solated, the transfer of cleaning solution 14 through .
the mefdimgé Figlres ¥a tm4chtheoopeetien de similarhie that shown in
menbrane 6 results in the pressure within the vessel
FRyr8 B85 Scatioveseyas tizembblimenthihen Hoe Jumes side of the
is conpressed. As shown in Figures 3a to 3c, the |unen

$hélabahet hevermed rareaospiere tieotghl valve atydisp kadsier Thedelivers
accumul ated pressure in the gas space 16 then forces

?E%os%@ a5ithe 684 WidBf he tvestéloTd Hacingt tireocigianingesolution 14
rane wall 15 as best shown in Figure 3b. Figures

%of.lgh zﬁ% khibsiieivall B8RRI 1B SeQhermbanerueiehi Das hbstrshown
a bladder

arrangenent may be used instead of the gas
6 unul ate pressure. WO 2006/ 066319
%@%@@o&%‘g%lg -12 Referring to Figures 4a to 4c,
t he ) FigSred 44 LAY 5bOthbRésstRsing df the fn@i/fitrde side is
to 3%%?%@{}\%\%5'?5{% Eﬁnés en’ood:ﬁrr%nt %h“gn the |umen side

\ofgpgyg.e f.lrgse{ﬂlﬁég@(égﬁ '(llszafuyq%ﬁgg HOIHTARPRB SR 8 tﬁlé?ﬁ%mbranes 6

: elivers pressure to

ST ePb o R b R e A et e
SRS BRSO BB oo E FHER T B
e arbierel 1 o8 et ieSENR, SRR pandes e
e 3 oS58 1083 AL B G e
Ccloiﬁgi;tgg tg’ ?}'!eu&eisggl W) ’Ehtllci)t?ght lpn% 46’ gﬁ& va7lveta 91f I ow through

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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the menbrane wall 15 to the outer side of the nmenbrane
resulting in the pressure within the vessel 10
increasi ng and being transferred to the bl adder 16

YOMEPEY t o the vessel 10 through line 19 alid/& o1

11. Figures 6a to 6¢c show a simlar arrangenment to
Figures 4a to 4c but in thi-s!3-15 enbodi ment the gas
pressure is applied to the vessel 10 from an external
aBhGShers.at er thishambdtimehtdtber df6 cleahingugalufipmethtangh the
and val ve 11. Bl adder 16 is wused to accunul ate

Ric@siSdhe @allt te is upenidet dby odlterhatelye applyings saction/\eoum or
in Figure 6a. As shown in Figures 7a and 7b, when the

bRRLES IHeWuRfenCli@s oF fige Fnbiranes 620Thes meetrane dnodutee 5 is
vessel 10 is vented to atnosphere through line 19 and

‘él@é\ﬁnﬂﬂersé@ dt i%'aétdﬁéiflalikﬁmrcﬂhbﬂﬁéeﬁ sleaningnediitiond! Hard suction is

 umen side forcing the cleaning solution 14

gl'ﬂéd“tcgg-;% b;‘éé?f@ﬁd@@%é hsraUgbribhend rRMsVR! IAs Bdst (shewn in

erring to Figures 8 and 9, an

f@?&"s%‘aﬂi 8£aﬁﬁlges§| ﬁé‘rﬁ“mgs FRRESFouRDthaGhemB@ Wall 15 and

nvention i s ustrate where the vessel 10 is

%%Q%ﬁ'&wnﬁ%ﬁg gﬁ‘éﬁ% SCT"I'%"%(P%# r%oéﬁéh@on 143s then drawn up

odi nent ow of cl eaning

i?rlpﬂéllﬁg? {u{u}{eg\p p Gs ¢ %II&@EL showh § Pigid §8dA§3éhown

g sucti o V&CUUW]OF pressure t

éﬁthluu 3 ﬁ,ﬂg?r&ggﬁ: g{ga'?éar par ;I;Fﬁ ;&?{g@ﬁgﬁnnggémhsn 14
316 s #r“a%w%a ”m%@‘?ia”r?% "i%aiﬂ'hiﬁ%ﬁ‘% Bl it titgn the
shown in ure cl eanj ng solution 14 |s dr awn
t”l*ﬁ'BQ@ﬁ‘et"Y?é' %P@H@U Iqesf%beo% into the fibre
[jnrs gb\,\;[ %g;)rzl)équgguéﬁag%gn f%klﬂﬁe}gt%lb?g oq"c%J E:qlar? B? §e%e'oq§%ﬁ§ &%fcles such
fﬂiwl\tl c?gan?r?g 338%?& iisgltgimgal’fli(/gly méveésfrom owg 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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in Figures 9a and 9b, pressurized gas is then applied

to the cleaning solution 14 io filling the nmenbrane

| unen 7 and the cleaning solution is displaced through
MO8 Y? ane wal | 15 as previously descri belé‘?T/ﬂ@Osl}‘%ww
process illustrated in the enbodi mrents can be repeated
in cycles such that cleani-f§ solution is

alternatively noved fromone side of the nmenbrane wal |

25 t Thé itratbheas tni sdrbdatest biefyaitiraughs lausygam: i aidgr o
fromthe nmenbrane 15 lunmens 7 and well as along their
bas@ern welbmiked tloasing sbltidant.i ve chemical clean of the
menbrane nodule 5. Figure 10 shows the results of
applying the cleaning regime according to the )
iBnvemhé (iméss werethien arane dliquid by ﬁ@%ﬁa@r beieg appligg to the
vessel 10 is open to atnosphere. The cl eani ng process
ViRt 8RO MRROalRFvddahe @lgningOsdlutichhie diffuts tmeughehieepores and
was filled with filtrate via backfilling fromthe

lJBWRNhe SHLHE 1&kyth hehish ehibed ititke filtraitd essahldviehndbissstep may be
chlorine dosing into the filtrate line. The vessel

fe'rbgg AH2nltRY RhuiaseRBIBPS rigAge with a target vol une of

cl eaning solution (NaOCl) of 30 nL. WD 2006/ 066319

PCT/ AU2005/ 001919 -14 2. The filtrate was then .
peci raEll@hess Met@fHex flibd aithithé bizamirst solutian y aking vacuum air
ensure a well-m xed cleaning solution. 3. The | unens
ﬂggﬁed 08 h LA Sid8 fof thél Higintirend S0 Duriagethis diep tige level in the
a led to the filtrate line. This allowed the

L eani P(llﬁaeido juid wee puneausio theefiponencand Ths step
g‘k\%ﬁgttﬁlg( ?I e Iéé]sng?}hl?H \;\,hi ch rsrai sed the filtrate

?ﬁg eﬁé gb&é@\/vhemliléliqiﬁcﬂéj\gﬁ?t?ﬁ@fallﬁﬁded when the liquid

ops rising. 4. umens were then filled
wWith the cleaning solution by using vacuum air

a:ﬁP' hed Fu?ns%{hefilll WA Sih0geps Whe Fapdatenemtil Donfacy time had
t e t he

is step t evel 1n
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 filirate 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



filtrate tank dropped as the liquid was pulled into

the fibre lunens. This step to nay be ended when the
liquid | evel stops falling. 5. The lunmen fill and _
WP%OW"?%%S were repeated until contact ti mePhHQU2005/001919
reached 1800 seconds. 6. After 1800 seconds of

cl eani ng solution contact, th&-vessel was topped up

with feed. This allowed the remaining free chlorine in

t R cehERBINNAuERg UheOotled® beliy doOt ppm. wikded weatgraturbidity was
the nodul e that was exposed during the clean. 7. The

SYsivesn Bes- JORMUAEBFaIgRGu 0 maxi m se contact of
solution with nodule. 8. The tank was then drai ned

and fHas heglh Wekhdwih | It rR§@ebabdoiiristratasr nhegrégular reduction in
service. The data graphed in Figure 10 shows a period

i ' leahor ned once ever
o BhE B dird COMMPoviR bich B y

ours for” 4 days in succession, with the

5 ”Dd“'c%ef&%ggfiﬂn%t B the iﬁﬁ{éﬁp SebkdtAmBFIMEeHE anitarksRsh

i nterva orine In orm of sodi um hypochlorite
é%%@%é%éﬁ@éfﬁ#ﬁfﬂ%@&%%ﬁ@%@aﬁyﬁ R o, whilt
ring. t [ 0 - iBh dida¥ i

méghf‘?%g\s\éaﬁ%%@ﬂf%ﬂﬁﬁ% PR AR LR iOh Sl n the
Fi e 10 i t. ! f ' it
FGi5o kb SHERUER gbffohr o] Bladkaiat lRoracgingn o
e dracRaroaP T EGUPS ByES et & retitemined
[ || h nmb K i vt on]

10 rgeFlgRarReIT PSS PE ko aireon Crr i L SRR L
stage in the cleaning process. Chem cal additions can

celearngREISBRe further addition of chemical |eads to

change in the menbrane resist ange bel ?W% \ .
pr ede her tesistance value can be monitored during filtrate recirculation.

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
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to |l evel, hence mnimsing the anmount of excess
chem cal agent used in the cleaning process. The
resi stance val ue can be nonitored during filtrate

Ve¥eHR i on.  Typically, during a standar d® YR

procedure, the chem cal cleaning solution is
recircul ated at the start ofidhe clean only, foll owed
by up to 48 hours of 15 soaking of the nmenbranes. In

bgraaEcebe eekiptize®by extendingttbatleaningRiasrssgso that the
sol ution is recirculated for several mnutes (for

H?é B residtaics lpbbes)cnreulet‘ onsls beloa martameyedawm@ed walue.
soak7 aeration steps, allow ng the nenbrane resistance

urQ 9 1ERaws raeg?aﬁﬁ loF Reliigtahde/vdile vartiontof tinedualaiamionthe
cess. \We he change in resistance per 3

A usnd
ffé@gﬁ@@%%%%r gﬁ(ﬁ)&ﬁepﬁt Qaningteginriaisigntitrizd( Orad Jan

the cl eaning process has recovered

Cﬂ%r,ngﬁélﬁﬁj@&% éﬁ{l@ﬂge at that chemni cal

concentrat| on an her chem cal agent is added.

Wien gg FlbWﬁ h’EFI F?*éem §¢ valaat ofedhleftida agent
e

t he ance ess than the

re%?r%aeﬂr)(hmrb f (Sgr{\ﬁ% ?r}cR/ﬁ{ ath r@s‘i)ltfe&% Qtsigﬂﬁfﬁ:an( HRp iRnasTRbane

ecovery can be acC ved and the

C' ea 5 B OCGngéh ;’t;{glez%q%fnﬂvgs hﬁ'tﬁe\‘?}bﬁ'eigéé&fjas shown at B

) eani ng 06/ 066319
PCTl AU2 Qo0 t

Wgtﬁpﬁg%@%lgﬁe a%?;airg eﬁlbr %e?,%t%?ag. r?g:gé;@é%/glume
r e3| St oy errg%q:r%léir ?356@? i %%b%ﬁ@ r&s%thﬁé%‘change

glows gra

o potabo S R bR ] B MR e
o et A sk A A8
vol une of chem cal agent begins around 100nm as sho
addadraag et cagsed \Aathgpbmi\fqrgegy@ﬁ%thg the cleaniigpygcess an
recovery in transmembrane flow.

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
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).



resi stance. The amount of chem cal agent was further

i ncreased as shown at B and Cresulting in further
decreases in nenbrane resistance. Once the volune io

WP 20¢84¢3¢™1 agent reached about 250m, the n%%,?tézrqgsmoww
resi stance change reached substantially a steady

state as shown at D and further increases (E) in

chem cal agent had mninmal effect. At this stage the

vol UrRe veplienies beagebbdieddnl edsimiar dnpacatas éelthat deseribed in
adversely affecting the cleaning process and recovery

Kb tdreYaREEBAEN antehriationab Alpplicition Ne. A$PP8IO24Y 8 dapprepriately
u3|ng t he above neasurenents it is possible to

el hfidd fofo op?eré’@f'nh st@nean Y with tie idueitivg réthod! eani ng
process for a particular nenbrane arrangement or -

conf yQu Bé'agp H?(ﬁd 1243 \‘Lﬁfk@?‘éﬁ»ﬂﬁdﬂf\éﬂ\te apdextmplifidations of the
used to pre e end of cleaning process tine,

hal f=l]f {H%ﬁ? spirisbnatdope s tsinvention
'?Vee{x'ﬂgh 51° @?érjsn'tflgg}&ggg r&%éoﬁgg?s?ance gf ofile may
q? rther used to determ ne whether chem cals are
P aﬁ”‘% to be added during the cleaning process with
the type and amount of chem cal bei ng dependent on
feed and foul ant quality. Typical cleaning solutions
whi ch may be used include acids, caustic solutions
and oxidizing solutions (e.g. chlorine). WO
2006/ 066319 PCT/ AU2005/ 001919 -17 The inventi on nay
be enbodied in a simlar apparatus to that described
in the aforenentioned |International Application No.
W93/ 02779 appropriately nodified to operate in
accordance with the inventive nethod. It will be
appreci ated that further enbodi nents and
exenplifications of the s invention are possible
wi t hout departing fromthe spirit or scope of the
i nvention described.
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WD 2006/ 066319 PCT/ AU2005/ 001919 -18- CLAIMS: 1. A

nmet hod of cl eani ng perneabl e, holl ow nenbranes in an
arrangenent of the type wherein a pressure

Wpfzf’@%éﬁq al is applied across the wal|s of FHgAU2005/001919
per meabl e, hol | ow nenbranes imersed in a liquid
suspension, said liquid 5 sudpension being applied to
the outer surface of the porous hollow nenbranes to
cpdugs: and sustain filtration through the nenbrane
wal | s wherein: (a) sonme of the |iquid suspension
RassAmERbA gblebhing wethsalsié, tidilew menbranessn eo as@ngparRt of
off as clarified lirquid or pernmeate fromthe holl ow

h8MharatAR Sresaltd difRréritlal Rtapptied aceussihe validhief the
sol I'ds are retained on or in the hollow nenbranes or

g&ﬂﬁéé{ﬂléﬁucﬁ{%Méﬂsmg imRldresd i 4 Iduid slrspenisipni eaid liquid

urroundi ng the nmenbranes, the method of cleaning

i Ski oufel stifAEY 6N Usgasiibw membranes
%Q%Hasﬁd;&lwgﬂﬁ%e%ﬁ%é% ?lﬁﬂg}ﬁ ltrate gipg»go of the 15

?cf &‘%ﬁ?ﬁ%hd ispétrafrgl:ﬁgéﬁ ) h{'cﬁfgh' tﬁngzﬁberﬁﬁfahb%éllﬁ,wﬁéréihi d

e ou rane; iii) applying a

cl eagaiang S%ggéiomeﬁﬁu égggasnﬁggg?ﬁhrad@% tABRANIaBEthe

V) plyi pressure ere across said

ol ut | on 1 RPBUERAR PEHffn oS Ol fould Etirtzate from the

part 1 al Ty Fof SRR AR eani ng sol uti on: v)

' sol ?g)i no gﬂgagtusto%e gfj tﬁlg sgfidst Q% @Wéoa&%r 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) isolating the outer side of the membrane;
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WO 2006/ 066319 PCT/ AU2005/ 001919 -19 vi) applying a
pressurized gas to the filtrate side of the merrbrane

to cause flow of the cleaning solution_back t
Wﬁ’é”?ﬂ?ﬁ@ﬂ side through the menbrane wall; VFW’AUZ‘)OS/"O””

accumnul ating the increased pressure developed on the
outer side of 5 the nenbrant®as a result of said flow
of cleaning solution; viii) releasing the pressure

appl ivgd byap@ydgm@eswizsegagastheo‘nltweeldefmﬂﬂne sembsanfewall
of the menbrane wall to cause flow of said cleaning

sol ution tiyeugs e of thecbardng sblution bak todheoutst side thyough
the filtrate side under the effect of said

accunul at eghahembtdre wall: t he outer side to of the
menbrane wall. 2. A nmethod according to claim1l

wher gin t hgc&lnﬁﬂgﬂlrﬁﬂhé ‘iﬂdﬂ@ds@ﬂ préssaré hevalemdd orcthe antergide of
solutlon according to claim1 wherein, in

step vi) g?‘%{ﬂ@w@%e‘ £ ﬁéé oF £al flolh cl&ﬁ%@@&ntxbﬂnﬁn

I S substan rai ned cleaning solution. is 4. A

et o ace dglgg,g}gq i@ pqggufa é ppiaaILY!said Hies8ired Y td Said

accunu ate gas space provi ded on

the outer ﬁl&rgge Qe E{iﬁe'ﬁémﬁr%ﬂ@ wWMRtd cadse fioviBE $dlcleaning

accor di ng wherern the pressure is

accumul at edel'HJE%n &6&{ éqld meﬂT"f‘aVé:e FEfi%he Bﬁfeﬁgﬂ?ﬁ?ﬂ{e fi It@ate

A net hod at alm rein the differenti al

e L

met hod accordl n mg cl a| wherein the differenti al
pressure off&© ége 5ane|vga prow ded by appl yi ng a vacuum
to the filtrate side. cleam

pRr wé’a'B‘Pg‘OdlﬁﬂCPWQ'r@rP&?r"gn e‘gﬁerﬁ'na'ﬁe glepgwgqeﬁ% %n {s 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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the type wherein a pressure differential is applied
across the walls of the 25 perneabl e, hol | ow nenbranes
imersed in a liquid suspension, said |liquid W) }
WOHEFB®E19 PCT/ AU2005/ 001919 -20 suspensi dif [B¥HG/001910
applied to the outer surface of the porous holl ow
menbranes to induce and su®0ain filtration through

t he nenbrane walls wherein: (a) sonme of the liquid

SUSRAGSh BRIRPESHS tib iRugitet Siafaseldf sheporoue holiewteimkignes

- to be drawn off as clarified liquid or perneate from

MRS tRRGhIoWdR fise mantbramg watls ibasdin:sone
%df}ﬁ?ll!]%gsncﬁ%ds lare retained on or in the holl ow

menmbranes (B OHMBE e siSpatisdiepatagsdatoudh the talisot the
|i33§52 susrgpﬁ'oundi n\g‘]vqt he rrgnbranes, t he nmet hod of

cl eani ng. ¢ALhbteddo bR B oRfclardiluRigr pdrmgate from the
cl eaning solution to one side of the nmenbrane wall;

ii) appl yih'zﬁg?\?/tngér‘?\ﬁﬁ}ﬁe%&:eﬁ,eeﬁ%nti al across said

menbr ane wa cause ow of said cleaning solution

0D SR R oS

wal | rane wall; 15 iii)

monbr ang IRPPrAT S SRR A SR P PR U

t hrough sai d wal,) ftEom Saiaﬁeé)t her side of the
menbr ane vaMOUREINE the MERA8%E side of the nenbrane

wal | . 9. A pethod accor.di o claim8 wherein the
the methediqf £leaamesQIPRIiig E‘%esgeﬁs %)fal s 20 provided by

el 15" 10, GonhBin 3. cavist Py o5e A 8 WRdre e e

i i%r et iaaplpl)ﬁl[nge zspl?légsugé disffteséjntiiai %criags 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.
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provi ded by applying a vacuumto the other side of the
nenbrane wall. 11. A nethod according to claim3$8

ein the reverse differential pressure of
Wplzj’“("g“b? ovi ded by applying gas pressure t P({Tﬁéﬁ%ﬁ«@pw
side of the nenbrane 25 wall. W) 2006/ 066319
PCT/ AU2005/ 001919 -21 12. Azﬁethod according to cIaim
8 wherein the reverse differential pressure of ste
i 12) A sethasiacroring tagpiny wherein HieugHeies diffrrentinl peqagure of
of the nmenbrane wall. 13. A nethod according to claim
8sebdii)és praviveddiyeapnlyigg solatun o the enesigaiof e membrane wall.
cl eaning solution. 5 14. A nethod of cleanin
pes.mea hethochaddonding tortiaian® shereiratezleaningsaiuiorgs a cheaical
type wherein a pressure differential is applied across
tagamagbgmﬁénthe perneable hol | ow nenbranes i nmer sed
in a liquid suspension, said |liquid suspension being
app)] i Rehdtifod beclesihiag perhéasie, laflowheembrames ihahlaorangement of
menbranes to induce and sustain filtration through

t B tBERhBRM WrbSsunb affftrdhitial 18 dpplied acresothd walld oftfhed
suspenS|on passes through the walls of the nenbranes

Ee#%ﬂ@%n&hfmé}ﬁbﬁdn@&hﬁm@%édl il ucersmenelahesém tigoid
t 'ow menbrane [unmens, and (b | east some of

t Q@s&%ﬂ&oﬂ%eﬂgeaﬁpﬂfe@'ta% Qﬁepéur'fd%etdﬁhé‘ﬁbl‘dél\é/ hollBWiigHiB@ines

Wi se “as 'suspended solids within the liquid 15

S IEQH&déﬁw?kgﬁgmmfmﬁfbu)gh hige Fﬂ”emgné’f/vaﬂé RABFIS:

conpri si ng renovi ng, at | east

o parti b]'y onr?eubfjthgrlﬁmdtﬁ%p%ﬁéléﬁ Béseseé'tﬁ‘r%UBﬁ theéialls of the

r enovi east partially, |1qui
f ' om the Ourﬁgﬁb%n%% t8 etd?gwn 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) removing, at least partially, liquid from the filtrate side of the
membrane;

ii) 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;



20 nmenbrane; iii) applying a cleaning solution to the
outer side of the nenbrane; iv) applying a pressure
differential across said nenbrane wall to cause flow

of said cleaning solution thrgggh3 said wall fromthe
outer side of the nenbrane ihf6"the nenbrane |unen to

at least 25 partially fill said lumen with cleani n%/ailto
sol uj on; agRyldg a pregspirg idifierantialaososesy MMEMORRRS|
across said nenbrane wall to cause flow of said

cl eani ng Seéagéng&wtdfrs@ewelemﬂ%wtxﬁoﬁ-trcmugms'aid wei from the
t

side of the nenprane back to e outer side of the

Tearerne, bl st ofiyBRhBAhiaGS BBk B tHerotlenisldel &f the

wherein th erential 1nstep v) is

produced by appl yi a pressurized gas to the | unen

si de of th@""?fggf%‘ﬁ:ig‘m%ﬁl | -to cause flow of the

cl eani ng solution back to the outer side thro -

riéirb amethesl #ccardingdoraiaine d4avherel e RTESEYS ﬁﬁé#‘%‘ in step v)
wherein the steps of the cleaning nethod are reﬁeat ed

i@ pfotRiced byusiplyihgla phesatizedigag ts theilunan sige of the membrane
al Pernat'ely nmoved from one side of the nenbrane to

e ~ % outerreidedtirough the
é@%lbtg #ﬁ%e?@ﬁ@fgﬁe%dﬁ@‘%ﬁﬂén%bk to thé ouiene roug

m 14 wherein the cleaning solution is

a ch%m' cal . cleaning solution.
membrane wall.

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.



