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CHEM CAL CLEANI NG AGENT AND PROCESS FOR CLEANI NG
FI LTRATI ON MEMBRANES Techni cal Field The invention

WO 00a8®8T 0 conpositions and processes for cl eBai/Ay2006/001409
menbranes, in particular to conpositions and processes
usi ng nonopersul fate conpounds. The invention will be
principally described with reflerence to the cleaning
of hollow fibre polynmeric mcrofiltration and
oM CALr @LEANINGTRGENT AND PROJESSIFORICLBANING
appreciated that it is applicable to a wide variety of
Bk AT oRPIIEMBRANMSs (1 ncl udi ng nanofiltration and
reverse osnosi s nenbranes), nenbrane conpositions
(i ncludi ng inorgani c nenbranes) and nmenbrane shapes

i el udidag,t ubul ar and flat sheet nmenbranes) and is
ﬁ%“t%%}“f%?n@?%% to polynmeric mcrofiltrati on and

ltrafiltration menbranes. Backqground Art. Pol ric .
HheiapiticrElicS o SHBPOR LSFP PrAErOn ihs op e HEpaSs in
found wi despread use in the filtration of water. Th
pretieUar tRicOmpPSiiieRsANd RROCERTES UsE arenoppisiitys Cﬁ@ﬁﬁw%egf he
commonly in use are typically in the formof holl ow
ihivertis, willbegirinaipellp desceilied with rbferatice to theisteahimgdif dgllew dibre
then set into nodul es, which can further be arranged
pdly@eric microfiltration and ultrafiltration membranes, although it will be appreciated

that it is applicable to a wide variety of membrane applications (including nanofiltration
and reverse osmosis membranes), membrane compositions (including inorganic
membranes) and membrane shapes (including tubular and flat sheet membranes) and is

not limited to polymeric microfiltration and ultrafiltration membranes.

Background Art

Polymeric microfiltration and ultrafiltration membranes have found widespread use in
the filtration of water. The porous microfiltration and ultrafiltration membranes
commonly in use are typically in the form of hollow fibres, which are potted into
bundles. The bundles are then set into modules, which can ﬁn‘thér be arranged into
banks of modules. In this way, membrane surface area is maximised for a given volume,
and large water throughbuts can be achieved by apparatus having a relatively small

“footprint™.

In some modes of operation, contaminated feedwater is introduced into the modules in
such a way as to be allowed to contact only the outside of the hollow fibres. Passage of

the water across the membrane may be by way of pressurisation or suction if necessary.
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relatively small "footprint". In sone nodes of
operation, contam nated feedwater is introduced into
the nodules in such a way as-2-0 be allowed to contact
only the outside of the hollow fibres. Passage of the
Widfthe 3k passeh thrbEihahellovafibleepdiymeriy mofmbranes, it accumulates
pressurisation or suction if necessary.Wen the water
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accunul ates inside the lunmen of the fibre, from

CBBQ%%EWLHEF C?Iglll}t.% o2l Wheoﬁéllo%«?ﬁbfé ed. The

nonteou de of the holl ow
fibres. As these cont am nant materials build up on the
filter they reduce the overall perneability of the
menbrane. Thus, the volunme of water that_ passes
5 Asthoseglontamsnansmipteriads buildupen, he fiieethey reiog theQtigEadly,
or alternatively, the anpbunt of pressure needed to

petatabilityf ghereembrnbr Fihes, therolghp of watsr that passeselirough the
either case, the situation is undesirable, as the

HEAB888t ¥bivkn RASAIE Ras@iced atubicngtictigahe wabent of pressure needed
altoget her; or will need to operate at pressures which
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I'sr menbr ané "needs to be cleaned. A large
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10 need to operate at pressures which risk destroying the integrity of the membrane. For

this reason the membrane needs to be cleaned.

A large amount of the contaminant material can be removed from the hollow fibre by
periodic backwashing, i.e. forcing a gas or filtrate through the inside lumen of the

15 hollow fibre membrane in a direction contra to the flow of the water, such that the gas
and/or the filtrate pushes contaminants from the membrane pores into the surrounding
water whicﬁ can be drawn off and sent, for example, to a settling pond or tank.
Membranes can likewise be cleaned by other forms of mechanical agitation if desired.
These other forms of agitation include aeration, ultrasonic vibration and shaking.

20
However, these mechanical and backwashing methods are not completely effective in
removing all contaminant material and over time their efficacy gradually decreases as
the membranes become fouled by material which is not so readily removed by these
means. Because of the nature of the material being filtered, which is often surface water,

25 ground water or material passing through membrane bioreactors and the like, the fouling



10

15

20

peri odi c backwashing, i.e. forcing a gas or filtrate
t hrough the inside |unen of the hollow fibre nenbrane
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that the gas and/or the filtrate pushes contani nants
fromthe nmenbrane pores into the surroundi ng water
whi ch can be drawn off and sedt, for exanple, to a
settling pond or tank. Menbranes can |ikew se be
aplenia aeOgdnyratity fhéologioalnmd el organiraininatire aiyl vswallp ponthin foulants of
desired. These other fornms of agitation include
AEhAlghM nakkid.r asoni ¢ vi bration and shaking. However,
t hese nechani cal and backwashi ng net hods are not
conpletely effective in renoving all contam nant
material and over tinme their efficacy gradually

creases as .the nbr anes .b f teri <
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Because of the nature of the material being.filtere .
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passi ng through nmenbrane bioreactors and the like, the
foulanisryabe nos hande agd inerganiofobiantsewi thapthshd? dval shegaisakclean is
in nature and usually contain foulants of an inorganic
wblly eequithen fullly redovanihe gndnsbrassaispérformanes san pxident or caustic
fully renove foul ants from nenbrane pores and
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type of foulant (bio/organic foulants on the one hand,
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For example, polymeric microfiltration and ultrafiltration membranes fouled with
biological or organic matter have typically been cleaned by the use of oxidative cleaning
agents such as sodium hypochlorite (chlorine), hydrogen peroxide and to a lesser extent
ozone. Inorganic matter is usually removed by the use of different acids. Grease, where

present, can be removed by the use of caustic solutions and surfactants.

Chlorine js the most widely used cleaning agent however it is undesirable for
widespread use as a water treatment chemical. Chlorine dosing in water treatment
systems is a known cause of carcinqgenic chlorinated organic by-products. These are
hazardous and can create environmental disposal problems. Chlorine gas itself, as well

as having an unpleasant odour, is also a health hazard to those in the area.



5

10

15

20

agent is used to renove organic foul ants, and acids or
chel ating agents are used to renbve inorganic

woraioenssBs foul i ng the nenbrane. The two cl eanBCEAB2006/001409
carried out in series and normally take from four
hours to two days to conpl ete. For exanple, polyneric
mcrofiltration and ultrafiltfati on menbranes foul ed
with biological or organic matter have typically been
THeans ef hidrogdiepeneddo tamaviodhissuws relatedrnd hazaadmwiand surdronmentally
as sodi um hypochlorite (chlorine), hydrogen peroxide
B#REulPcHorRERIE —%&H@cﬂé, TR Y Rnetall9 €8 BifividMht @tlebsing chemical
usual |y rennveg- y the use of different acids. Gease,

sent, can be renoved by the use of caustic

1@%?9@9%%% and surfactants. Chlorine is the nost wdely
used cl eani ng agent however it is undesirable for
wi despread use as a water treatnment chemical. Chlorine
dosing in water treatnment syste s a.known cause, of
Qensiino ey LTS FIeABIPE ALER YR SIBFIA FGEREEn Pigadde. and also
are hazardous and can create environnmental disposal,
ayodds eany. ofthd safétpenyaenmental issuensygainglingghyasg @ ghtosine.
unpl easant odour, is also a health hazard to those in
Hbeerdr@denIitendsSeclods PYAF dge resipeoxidatitn eyachlon o pessudsare
related to hazardous and environnentally unsound
ﬁgkaﬁfbl@tb%@gmiatﬁfn%%ﬁ_ e, AUt isitle MBREFOWdrBl beRiEnt.
effi'cient aS a cl eaning chenical than chlorine. Ozone
iIs a nore effective cleaning agent than chlorine or
hydr ogen peroxi de, and al so

Fenton’s reagent has been used to clean membranes, and while effective, it is still
desirable to provide an alternative which may be more suitable or convenient in certain

situations.

Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common

general knowledge in the field.

It is the object of the present invention to overcome or ameliorate at least one of the

above mentioned disadvantages of the prior art.

Description of the Invention
According to a first aspect the invention provides a method of cleaning a membrane

comprising contacting the membrane with a solution comprising monopersulfate anions.
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peroxi de are susceptible to degradati on by ozone, as
it is the nore powerful oxidant. Fenton's reagent has
been used to clean menbranesSand while effective, it
is still desirable to provide an alternative which nay
Heeferabiyethewidaaingeaalas ptoauempEriptinnl ferdainmgshe membeans, wherein
Any di scussion of the prior art throughout the

§PEMIE b&midIRA by Y| aibiefer way be considered as an
adm ssion that such prior art is widely known or forns

part of comon general know edge in the field. It is
the object of the present invention to overcone or

liorate at .l east aone of the above nenti.oned.. .
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| nvention According to a first. aspect the invention. .

5 the BiPrdRe SOMPHEY h6EMmBTisiag e 4R Hg likeAEg i b ronsEtrdip ap fplusive sense
contacting the nmenbrane with a solution conprising _ )
asmpppsadstalahaxelusing onexlanstiversehsey thatés © sezrninibe searesf “including,
pl ace at a pH optimal for cleaning the nenbrane,
mhebelinitthe”pH i s controll ed by way of a buffer.

Unl ess the context clearly requires otherw se,
t hroughout the description and the clains,

In preferred embodiments, the invention provides a method for cleaning a microfiltration
10 or ultrafiltration or nanofiltration membrane comprising contacting the membrane with a
solution comprising monopersulfate anions and an agent selected from:
a buffer, a chelating agent, a catalyst, a combination of a buffer and a chelating agent, a
combination of a buffer and a catalyst, a combination of a cheléting agent and a catalyst
and a combination of a buffer, a chelating agent and a catalyst.
15
In one preferred embodiment, the invention provides a method for cleaning a
microfiltration or ultrafiltration membrane comprising the step of contacting said

membrane with solution comprising monopersulfate anions and a buffer.

20 Any buffer maybe used to control the pH and increase the stability of the monopersulfate

precursor salts.

A chelating agent or catalyst may also be added.
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to be construed in an inclusive sense as opposed to an
wWe@@703398E or exhaustive sense; that is to sayPCT/AURM06/001409

sense of "including, but not limted to". In preferred

enbodi nents, the invention provides a nmethod for

cleaning a microfiltration orbultrafiltration or

nanofiltration nmenbrane conprising contacting the

[Fenbnansivé prbfetred @hibbilinent,ahpinventiun pronidpea siettodtfer cleaning a

ani ons and an agent selected from a buffer, a-

@Eg}tg&%t% S9EMAltBHGPIBMY e cBmPABRL fiad dteodontachitig b4

ati ng agent, a conbination of a buffer and a

catal yst ... a [ I ' :
St RaE0R sEbHEH BlorBpaRid; i SARY ARG sgent
agent and a catalyst. In one preferred enbodi nent, the
i nvention provides a nmethod for cleaning a
mcrofiltration or ultrafiltrati on nmenbrane conpri sing
5 Ahuefferasatflyst vy dwoibsgdded-d nenbrane with sol ution
conpri sing nonopersul fate anions and a buffer. Any
buf fer maybe used to control the pH and increase the
stability of the nonopersul fate precursor salts. A

ah8lafbindgveprRdrredrenttidahdia] thetyveatiswphwided dekthod fancleaning a
alternative preferred enbodi nent, the invention

SR PR e eAOINans L e

o r%.%te \with s%?dt%n comprising monopersulfate anions and a catalyst.

10

A buffer or chelating agent may also be added

In an alternative preferred embodiment, the invention provides a method for cleaning a
microfiltration or ultrafiltration membrane comprising the step of contacting said
15 membrane with solution comprising monopersulfate anions, a chelating agent, a buffer

and a catalyst.

The monopersulfate may be present alone or as a mixture of components H>SOs, HSOs,
SOs> . Monopersulfate is supplied preferably as salts, such as the potassium or sodium

20 salt. One particularly preferred source of monopersulfate is oxone®.

The invention will also be described with reference to the use of one commercially
available monopersulfate, Oxone®, a proprietary Du Pont product which contains a
monopersulfate salt, a hydrogensulfate salt and a sulfate salt, in particular, potassium

25 monopersulfate, potassium hydrogen sulfate and potassium sulfate. However, it would
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menbrane with solution conprising nonopersul fate
anions and a chelating agent. A buffer or catal yst may

w@bk®a/obwsadded. In an alternative preferred enbOOADR06/001409

the invention provides a nethod for cleaning a
mcrofiltration or ultrafiltrati on nmenbrane conpri sing
the step of contacting said ménbrane wi th sol ution
conprising nonopersul fate anions and a catal yst. A
Heubprtiated aghialtatthoge skijéattin teyarbthebartyesuitelole dolution af
alternative preferred enbodi nent, the invention

REDPeREEatd cilebdiaskdfl or cleaning a microfiltration or
ultrafiltration nmenbrane conprising the step of

contacting said nenbrane with solution conprising
nonoper sul fate ani ons, a chelating agent, a buffer and

cat.al yst.,.The no@er t I
TRk Yetpieth ORRBEra RO Sl MeAgRHter R oo Bttt
Monopersul fate js supplied preferably as salts, such
ig8 iy gRrepateasifolo WS sodi um salt. One particularly
preferred source of nonopersulfate is oxone(r). The
invention will also be descrfIJIbed with reference to the
use of one comercially aywaL noper sul f at e,
Oxone(r), a proprietary DSﬁPE??bS?gguct whi ch cont ai ns
a

In solid form, Oxone® exists as a triple salt of formula 2KHSOs.KHSO04.K,504. The

commercial Oxone blend includes KHSO, which can act as a buffer.

Without wishing to be bound by theory, it is believed that the oxone, in particular the
active monopersulfate, acts to remove the organic foulants and biof(;ulants. The buffer
is present to maintain optimum pH and may assist in removing inorganic foulants. The
chelating agent, where present, is responsible for the removal of inorganic foulants. The
catalyst, Where‘ present, acts to speed up the reaction and shorten the cleaning time

required.

The concentration of Oxone® is from 0.01 wt% to 10wt%, preferably 0. 1 wt% to 10wt%
and more preferably 0.5wt% - 5wt%, based on the amount of Oxone® salts dissolved in

water.

The chelating agent is preferably citric acid. Other chelating agents, such as oxalic acid
and EDTA can also be used. The concentration of chelating agent is from 0.1wt% to

5wit%, preferably 0.1%-3wit%.
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nonopersul fate salt, a hydrogensulfate salt and a
sulfate salt, in particular, potassium nonopersulfate,

WwW@oi0a®3ioem hydr ogen sul fate and potassi um sul f BEBAU2006/001409

However, it woul dbe appreciated again by those skilled
in the art that any suitable solution of
nmonoper sul fate can be used. Te active ingredient in
Oxone(r) is KHSCs. Structurally, the hydrogen
nonopersul fate ion is represented as follows: O1 |
OSOHIIOINn solid form Oxone(r) exists as a triple

Bl éateﬂgstfcﬁﬂi B siIS6Rle KIdSRYilikdSBE reddtion eaeNBreteradd catalysts
Oxone bl end i ncl udes KHSO4 which can act as a buffer.

ipélg?g tPrLetéT'iicﬁﬁi 88nLOTER, éﬁapﬁl%ﬂtﬁﬁh 8R! M udelt, 4 SathIhti 1§ ¥RGerably

e oxonhe, in particul ar e active

| , i .
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opti mum pH and may assist in renoving inorganic

lants. The chel ati ng agent, where present, is
responsi ble for the renoval of inorganic foulants. The
catal yst, where present, acts to speed up the reaction
and shorten the cleaning tine
In another aspect, the invention provides a process for cleaning a membrane in need

thereof comprising contacting said membrane with a solution comprising:

i) monopersulfate anions and

ii) an agent selected from a buffer, a chelating agent, a catalyst, a combination of a
buffer and a chelating agent, a combination of a buffer and a catalyst, a combination of a
chelating agent and a catalyst and a combination of a buffer, a chelating agent and a

catalyst.

The solution may be fed into the feed side of membranes and the membranes allowed to
stand and soak in the solution for a desired period, for example, several hours. In
alternative preferred embodiments, the solution can be injected to the filtrate side in the

backwash mode, or during repeated cycles of backwash and soaking.

The process can be conducted at a temperature of 1°C to 50°C. A preferable
temperature is from 5°C to 40°C, most preferably from 10°C to 40°C. An elevated

temperature accelerates the reaction rate.

The cleaning time can be from 10 minutes to 24 hr. The most preferable cleaning time is

from half an hour to 10 hours depending on the temperature of the solution. The clean
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requi red. The concentration of Oxone(r) is fromO0.01

w%to 10w % preferably 0. 1wt %to 10wt % and nore
w@e@7msaBty 0. 5w % - 5wt % based on the anountPOf/AU2006/001409

Oxone(r) salts dissolved in water. The chel ati ng agent

is preferably citric acid. O her chelating agents,

such as oxalic acid and EDTA-¢an al so be used. The

concentration of chelating agent is fromO.1Iw%to

thine %ill deebese atithyintredga StenteRtere odtlx sphittionadf the ciraningns carried

in order to facilitate the reaction rate. Preferred

SAtiabYsH Badkpalsesd eadiEiaakpulenan bt dso B0 secGudd)imore feferably

etc. If used, a catalyst is preferably present in an

%&gg,% 1?6 sbépas 0. 001wt % to 0.1 wt% nore preferably
.00Imt % to 0.01 wt% In another aspect, the invention

provi des a process for cleaning a nenbrane in need
thereof conprising contacting said menbrane with a

sol ution, c rising. 1) nopersul fate api ons and i

£ gerttosbhbaniss Him o Soiprans el EiEE iR i ptetdably
catal yst, a conbination of a buffer and a chel ating
fagpanit.y ta3.conbi nation of a buffer and a catal yst, a

conmbi nation of a chelating agent and a catal yst and a

conbi nation of a buffer, a chelating agent and a .
The invention is described with reference to porous polymeric ultrafiltration or

microfiltration membranes, however, it will Be appreciated that it can be used on other
classes of membranes such as nanofiltration membranes, gas filtration membranes or
reverse osmosis membranes, or membranes with much larger pore sizes. It will also be
appreciated that inorganic membranes. For example, ceramic membranes, may be

cleaned with the compositions and methods of the present invention.

The microfiltration or ultrafiltration membrane can be made from any suitable oxidation
resistant material, including but not limited to homopolymers, copolymers, terpolymers
and the like, manufactured from any or all of the following fully or partially halogenated
monomers including vinyl fluoride, vinyl chloride, vinylidene fluoride, vinylidene
chloride, hexafluoropropylene, chlorotrifluoroethylene, and tetrafluroethylene.
Particularly preferred blends for microfiltration or ultrafiltration membranes are those
made from polyvinylidene fluoride, i.e. PVdF, or blends of chlorotrifluoroethylene with

ethylene, i.e. ECTFE (Halar) and polysulfones.
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catalyst. The solution may be fed into the feed side
of menbranes and the nenbranes all owed to stand and

W@ o@R/083981 he solution for a desired period, foPCT/AU2006/001409

exanpl e, several hours. In alternative preferred

enbodi nents, the solution can_be injected to the

filtrate side in the backwashl®rode, or during repeated
cycl es of backwash and soaking. The process can be
Thnchnttetidg af the ihembena withenafoptBdisie cb@0Dg splution may occur alone
preferable tenperature is from5C to 40C, nost

o iafcamdblayioh ath iy Gthep cafing slutioh @y afettbdt enpaicty uf methods are
accel erates the reaction rate. The cleaning tinme can

,g sfiom 10 minutes to 24 hr. The nost preferable

eaning time is fromhalf an hour to 10 hours
dependi ng on the tenperature of the solution. The
cl eanti rre Wil | decr ease With increasing tenperature of

he soI |on t he cl eani arri
borcep Lo L1e Taephray s By i e cigopop T G oRHHE solution or
seconds nore preferably from5 to 120 seconds. The pH
havefthe ml@nypqraﬂééfs cleaning solwtéprofiltered er jeeewptas through fée 6
and is nost preferably from1.5 to 3. The invention is
desbrinee T heictdaningefpro@ucmay mvpbrecursacpasionrsiapi or a step of irradiating
ultrafiltration or mcrofiltration nenbranes, however,
e s¥ivkibn REthARREEGlcAtigkt tb Baistiid cleain®ertidieg, 18 clRhHiag solution

may be recovered after use if sufficiently active.

The cleaning methods of the present invention may be utilised in a variety of ways. The
individual components may be added together, or separately, directly to the water which
surrounds the fibre membranes. Alternatively, the source of iron ions may be from the

feed water to be filtered.

Alternatively, the approach of the present invention may be used to take advantage of

existing iron species which are present in the filtration water.

The monopersulfate cleaning solution system of the present invention may be passed
through the membrane just once, or allowed to contact the membrane by standing for a
time, or by repeated backwash-resting cycles, or recirculated through the membrane or
membrane system. The contact time is preferably selected such that a predetermined

level of cleaning is achieved, as demonstrated by membrane permeability.

If used, the catalyst may be recovered from the cleaning solution.
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cl asses of menbranes such as nanofiltration nenbranes,
gas filtration nenbranes or reverse osnosi s nenbranes,
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be appreciated that inorganic nmenbranes. For exanpl e,
ceram c nenbranes, may be cleaned with the

conposi tions and nethods of thle present invention. The
mcrofiltration or ultrafiltration nmenbrane can be
made from any suitable oxidation resistant materi al,
including but not limted to honopol yners, copol yners,

TR RO Saythplied td #@ AR Fehitfh@OvAte oMt AnEnt) sroahd water
of the following fully or partially hal ogenated

r Acludi \Yj i i
RABRR, desa B, Rt bl BN AR DGRl Ahd Bembrane
hexaf | uor opr opyl ene, chlorotrifl uoroethyl ene, and
p18teaelPISur oet hyl ene. Particul arly preferred bl ends for
mcrofiltration or ultrafiltrati on nenbranes are those
made from pol yvinylidene fluoride, i.e. PVdF, or

bl ends of chl-orotrifluoroethylene with ethylene, i.e.
BE@TEEan it psyaten oftlic pudsystihvantion cathbe peedtinekishpg systankrean
menbrane wi th nonopersul fate cl eani ng sol uti on may
QeAMentaIredtss B implowoqiilinast foed, filirdte antheqichfermadceadithegfiltration
solution or nethod. A variety of nethods are possible.

ﬁ%ﬁes@%@ﬁ?l &s stdhe HERIRIARSy FBJoREn ﬁ%ﬁ:ﬁ‘i}rweﬁﬂ ot €a continuous
e

nopersul fate cleaning solution or have t
npnope I e [ ' ilter . .
PIOgy Is,cf{(}? gl}steag&%, r@%eﬁééﬁle ¢ %rﬁa%%if&’@ cfe'ain&lg sgﬁtlgfllconcentratmn
immediately upstream of or at the membrane is measured, pH is adjusted and

monopersulfate dosed in as appropriate to generate a predetermined concentration of

monopersulfate at the membrane.

The cleaning methods are particularly suitable for cleaning in place (CIP) applications.
Microfiltration and ultrafiltration membranes treated with the monopersulfate cleaning

system of the present invention show improved recovery from fouling of membranes

- used for water filtration.

A dual clean is required in some CIP regimes. This involves both an acid clean (which
may be an inorganic acid or, more usually an organic acid such as citric acid) to remove
inorganic foulants and a chlorine clean to remove organic foulants. The use of the
monopersulfate cleaning system of the present invention has the advantage of providing

both an acid and an oxidative clean in a single process.



menbr ane. The cl eani ng process nmay involve an aeration
step, or a step of irradiating the solution with
wabkdorasiost et |ight to assist in cleaning. FurtPEr/AU2I06/001409
cl eani ng solution nay be recovered after use if
sufficiently active. The cl eaning nethods of the
present invention may be utitiZsed in a variety of
ways. The individual conponents nmay be added toget her,
The depdigadgehtyanddhe elethiyg poceisalesaited indtiicmvenmoroara garticularly
the fibre nenbranes. Alternatively, the source of iron
UseRS farade BHlichdhstiiré BRAsWBE Blofife Beeduidtber ed.
Al'ternatively, the approach of the present invention
may be used to take advantage of existing iron species
mhich are present in the filtration water. The
f at | eani ng sol ution system of the present
?? %i‘passed t hrough t he nmenbrane j ust
once, or allomed to contact the nenbrane by standing
5 for atine, or by repeated backwash-resting cycles, or
recircul ated through the nenbrane or nenbrane system
Asodnbninachernbrape borgactfrovastillpwseicebscethedordhd by ghe rprmal flow
predeterm ned | evel of cleaning is achieved, as
stepnpsidial aihe Ryroieibtiiiahel] ped2ERIb/bart ¥n addordimed withh@rmal
catal yst may be recovered fromthe cl eaning

i:éétséso the ﬁ@?&ﬁﬂ@ﬂﬁ)ﬂﬁl@ VRMrRdaRR 2%&ittie atid®nd the permeability
traf|0n surface water treatnent, ground wat er

I{Oré?e ? ! @LMI% ilal A @'%t {Ha;c%{\)ré g%ém{h gOOBﬁﬁQﬂd #Hidedhe permeability

tuent
10 to 180 LMH/bar. A second Cl; clean raised the permeability to 219 LMH/bar.

Inventive Example 1.

The same module in a membrane bioreactor was again allowed to become fouled by the
15 normal flow of wastewater. The permeability fell to 84 LMH/bar. It was then soaked
with a 2wt% solution of oxone for 24 hours, which raised the permeability to

251LMH/bar, an increase of close to 200%.

The method of the present invention thus achieved a significantly better result using a far
20  simpler one step procedure than that known in the prior art. The process was conducted

at room temperature.

Oxone is also cost efficient and is safe for operators to use. Because of its inherent

safety, it is also easy to handle and can be used in existing systems without modification.



bi oreactors. The cl eaning system of the present
i nvention can be used in existing systens and
WO e@ans®st process to inprove quality of feed,PET/AUR@GE01409

or the performance of the filtration process itself.
As such, the clean may be done in a batch process, or
in a continuous process, for-istance, where the
nonoper sul fate cl eani ng sol uti on concentration
Thereslilatodtaindtspseathabfhenr araho effectrenitheamectiagical properties of
nmeasured, pH is adjusted and nonopersul fate dosed in
ASmBRREOPriate to generate a predeterm ned
concentration of nonopersul fate at the nmenbrane. The
cl eaning nmethods are particularly suitable for
cleaning in place (CIP) applications. Mcrofiltration

nd ultggélltraglon menbranes treated with the

Hﬁ@? Y3l eani ng system of the present

i nvention show i npraoved recovery from fouling of _.

5 AroronbAesmQgeld mask oREVEIT fibies Mk pBFIACA I enirag bipisactor to
required in some CIP regines. This involves both an
filtdranizbé HyugmAiehthneeymaghafiltiation ghe membsing wedulpperaneability
usually an organic acid such as citric acid) to renove

ddeah&ei 75 ¥ RIH/Baitdiie 3 fhuding h Aostiriar & dhed bhéricalarieanan place (CIP)
organi c foul ants. The use of the nonopersulfate

%ﬁg&fcﬂﬂlea AR actd 8118488 8P ChioRMENTHiPRestiBs ihike membrane
nt age o provi di ng
module permeability recovering to about 130 LMH/bar.
10
Inventive Example 2
The same module then continued to be operated in a membrane bioreactor to filter mixed
liquor. After three months filtration, the permeability had dropped to 95 LMH/bar.

The module was cleaned with a single 2% Oxone solution. The module permeability

15 recovered from 95 to 180 LMH/bar.

Not only did the module permeability recovered to an improved level relative to the
previous dual CIP, but the membrane fouling rate in the following filtration was also
reduced.

20
After four months operation, a further clean with Oxone solution was carried out to
confirm the cleaning efficacy. The permeability of the module was lifted from 150 to

above 200 LMH/bar, confirming the effective cleaning with Oxone.



both an acid and an oxidative clean in a single
process. The cl eani ng agent and the cl eani ng process
wale®csd9ed in this invention are particul arl y BPEEAUR006/001409
for the applications where the use of chlorine is
restricted. Conparative Exanple 1. A nodule in a
nmenbrane bi oreactor was all oWédd to becone foul ed by
the normal flow of wastewater. The perneability fell
Rigur62 shivivé biarovetail meaneatdity cendiand theoreomierpobeeh skeen in Example
t he menbrane nodul e was treated with 2%citric acid
sand the perneability rose to 118 LMd/ bar. A first
oxi dative clean, with 1500ppm O raised the
pernmeability to 180 LMY bar. A second O 2 clean raised
the perneability to 219 LM{d/ bar. Inventive Exanple 1.
The sanme nodule in a nenbrane bioreactor was again
all owed to becone foul ed by the normal fl ow of
wast ewat er. The perneability fell to 84 LM{d/ bar. It
was then soaked wth a 2wt % sol uti on of oxone for 24
hours, which raised the perneability to 251LMH bar, an
i ncrease of close to 200% The nethod of the present
i nvention thus achieved a significantly better result
using a far sinpler one step procedure than that known
in the prior art. The process was conducted at room
t enper at ur e.
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20

Oxone is also cost efficient and is safe for operators
to use. Because of its inherent safety, it is also

wea®y/oseshandl e and can be used in existing SyRCEAB2006/001409

wi t hout nodification. The results obtained suggest that
there are no effects on the nechani cal properties of
menbr anes. Conparative Exanptlé-2 A menbrane nodul e
made of PVDF fibres was operated in a nenbrane

bi oreactor to filter mxed liquor. After three nonths
THEtCBAIMS, DERENISGIFEE INVIENTEONAREAS FOLLQA®SE: ned
to 75 LM/ bar due to fouling. A standard dual chem cal
clean in place (CIP) was perforned with citric acid
foll owed by chlorine. This resulted in the nenbrane

nod
oA RO M M e i o
_ iatedln a nenb &reactor to filter m xed
e oL PR B AT RE S E ARIoRn .t he

perneability had dropped to 95 LN+Vbar The nodul e was
cleaned with a single 2% Oxone sol uti on. The nodul e
perneability recovered from95 to 180 LMH bar. Not
onIy did the nDduIe perneability recovered to an

Igéfpg?%cﬁa\éc%% Egcll%’{%t t%h%{gfnh e?nern?o%\%lnen% %.lprﬁlF g;%ﬂlmenc

vvas al so
ultrafiltration or microfiltration membranes.

3. A method according to claim 2 wherein the membrane is an asymmetric

membrane.

4. A method according to claim 2 wherein the membrane is made from a fully or

partially halogenated monomer or mixture of monomers.

5. A method according to claim 4 wherein the membrane is made from a monomer or
mixture of monomers including vinyl fluoride, vinyl chloride, vinylidene fluoride,

vinylidene chloride, hexafluoropropylene, chlorotrifluoroethylene or tetrafluroethylene.

6. A method according to claim 5 wherein the membrane is made from

polyvinylidene fluoride (PVdF).



reduced. After four nonths operation, a further clean
wi th Oxone solution was carried out to confirmthe
w@b®@ansiegr ef fi cacy. The perneability of the noRCI/aUNME/001409
lifted from 150 to above 200 LMH bar, confirm ng the
effective cleaning wth Oxone. Flgure 1 shows the
overall perneability trend ané the recovery of each
clean in Exanple 2. THE CLAI M5 DEFI NI NG THE | NVENTI ON
ARE AS FOLLOAS: - 1. A nethod of cleaning a nenbrane
conprising contacting the membrane with an aqueous
sol ution conprising a nonopersul fate anion. 2.
fet hodneibed eeroiging & elpim mvheyie the; rnemhr@nmmd@rféom@ blend of
porous polyneric ultrafiltration or mcrofiltration
piemntafiesoetbyleAe methtedid/leed@iatithg t o cl ai m 2 wherein
the nmenbrane is an asymmetric nenbrane. 4. A nethod
according to claim2 wherein the nmenbrane is nade from
a fully or partially hal ogenated nononmer or m xture of
nmononmers. 5. A method according to claim4 wherein the
menbrane is made from a nononmer or m xture of nononers
Bncl udlimethodi aspordingiorciage,S whergin thtvmsnibdane ivimagé¢ frdere
fluoride, vinylidene chloride, hexafl uoropropyl ene,
pblysulfdrei f | uor oet hyl ene or tetrafl uroethyl ene.

9. A method according to claim 1 wherein the membrane is an inorganic membrane.

10. A method according to claim 9 wherein the membrane is a ceramic membrane.

11. A method according to claim 1 comprising contacting the membrane with an
aqueous solution comprising a monopersulfate anion and an agent selected from: a
buffer, a chelating agent, a catalyst, a combination of a buffer and a chelating agent, a
combination of a buffer and a catalyst, a combination of a chelating agent and a catalyst

and a combination of a buffer, a chelating agent and a catalyst.

12. A method according to claim 11 comprising the step of contacting the membrane

with an aqueous solution comprising a monopersulfate anion and a buffer.
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6. A nethod according to claim5 wherein the nmenbrane
is made from pol yvinylidene fluoride (PVdF).7. A

woredonossosccording to claim5 wherein the nmenbrBCEAUS006/001409

made froma blend of chlorotrifluoroethylene with
et hyl ene (Halar). 8. A nethod ?ccording to claim5
wherein the menbrane is made fom a pol ysul fone. 9. A
nmet hod according to claim1 wherein the menbrane is an
L3ror fanetbodeesnrding to deim Al pelhoderssrbedufigr isdISDAi m 9
wherein the nenbrane is a ceram c nmenbrane. 11. A
met hod according to claim1 conprising contacting the
menbrane w th-an aqueous sol ution conprising a
nonoper sul fate ani on and an agent selected from a
g ffzéﬁiﬁ helatln agent, a catal yst, a conbination

. sthed aggogding éo,elpism ﬂhgoragréﬁng the steficaateridng wid membrane
buffer and a catal yst, a conbination of a chelating
wifhsolmignaooyrisingst mompersutiaiebinitatindr dElatinpugder . a
chel ati ng agent and a catalyst. 12. A nethod according
to claim 11l conprising the step of contacting the
menbrane with an aqueous sol ution conprising a
nonoper sul fate ani on and a buffer.13. A nethod
accordln to claim1l or 12 wherein the buffer is HSO4
15.14A methed pesgrding & elpiny 14 whetein the theletmgpagest isgittihacid.
step of contacting said nmenbrane with a solution
conpri sing a nonopersul fate anion and a chel ati ng
agent .

16. A method according to claim 14 wherein the chelating agent is oxalic acid.

17. A method according to claim 14 wherein the chelating agent is EDTA.

18. A method according to claim 11 comprising the step of contacting said membrane

with solution comprising monopersulfate anions and a catalyst.

19. A method according to claim 18 wherein the catalyst is a metal ion.

20. A method according to claim 19 wherein the catalyst is selected from Fe?*, Cu®*,

-2+ +
Ni**, Co*".
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15. A nmethod according to claim214 wherein the
chelating agent is citric acid. 16. A nethod accordi ng

W 000c1035981 14 wherein the chel ati ng agent is oxedT/aU2006/001409

acid. 17. A nethod according to claim 14 wherein the
chel ating agent is EDTA. 18. A method according to
claim 1l conprising the step'ﬁg'contacting sai d

mbrane wi th sol ution conprising nonopersul fate
gﬁi oftsmgihgd gceosding yas¢laim &9 Wherpin thedneteldion i engnprised imd pleaning
18 wherein the catalyst is a nmetal ion. 20. A nethod
sdubei ng to claim 19 wherein the catalyst is sel ected
from Fe2+, Cu2+, N2+, Co2+.2 1. A nethod according to
claim19 wherein the netal ion is conprised in a
cl eaning solution. 22. A nethod according to claim 19
wherein the netal ion is present in feedwater to be
filtered. 23. A nethod according to any one of the
$?-ec Adnpigoe pegondingteelainm 19 Whereimthsenatail ibaispresnpinesedwater to
al one or as a m xture of conponents H2SC6, HSO5 , SOb
be filtered. net hod according to claim23 wherein the
nonopersul fate is in the formof a potassium or sodi um
salt. 25. A nethod according to any one of the
precedi ng clains wherein the

23. A method according to any one of the preceding claims wherein the

monopersulfate is present alone or as a mixture of components H,SOs, HSO5", SOSZ' .

24. A method according to claim 23 wherein the monopersulfate is in the form of a

potassium or sodium salt.

25. A method according to any one of the preceding claims wherein the

monopersulfate further includes a hydrogensulfate salt and a sulfate salt.

26. A method according to claim 25 wherein the monopersulfate is provided by a

triple salt of formula 2KHSO5. KHS04.K,S04.
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nonoper sul fate further includes a hydrogensulfate salt
and a sulfate salt. 26. A nethod according to claim?25

wob@re3398t he nonopersul fate is provided by a tPCPAB2006/001409

salt of formula 2KHSC6. KHSO4. K2SO4. 27. A net hod

according to any one of the prgceding cl ai ms wherein
the sol ution conprising nnnopé Sulfate anions is fed
into a feed side of the nmenbrane and the nenbrane is

avl ownegtethad at@Rding fflarSase dithd fec&RhE IRl wheinfhe solution
met hod according to any one of the precedlng clalns

PPy ARG RATRE, S Rl LR lop ARG ah e

rate sid prior to ane

[ di e. .precedi ng cl ai ns
ﬁﬁ%ﬂ%@“ﬁgﬁﬁo%ﬁggﬁ%wﬁ 'ﬁsggﬁﬁﬁg?ggu?ﬁla pH ranges of
froml to 9. 30. A nmethod according to claim 29
wherein the pHrange is from1to 6. 31. A nethod
according to any one of the preceding clains wherein
the pHrange is froml1l.5 to 3 32. A nethod according

any. Iy rein
?rg'n o%erpgtg?? Q%co“lﬁ% ani goqls 0 u %r ec‘?déng‘ ‘felﬁlflésr‘@]&er?lﬂlﬂ% gh
reC|rcuI%{ed t h the nmenbrane or

PP ORI Sl s HIEkSHE Ghe TS Ee PrenBIanengane hackwash,

nmet hod according to any one of the preceding clains
further including, prior to, concurrently with or
after nonopersul fate cl eaning, an aeration step, or a
step of

29. A method according to any one of the preceding claims wherein the cleaning is

conducted in a pH ranges of from 1 to 9.

30. A method according to claim 29 wherein the pH range is from 1 to 6.

31. A method according to any one of the preceding claims wherein the pH range is

from 1.5 to 3.

32. A method according to any one of the preceding claims wherein the
monopersulfate cleaning solution is filtered through the membrane, recirculated through

the membrane or allowed to stand in contact with the membrane.
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irradiating with ultraviolet light. 34. A nethod
according to any one of the preceding clains wherein

w0 b@708®8Ni ng i s conducted for a predeterm nedPCT/AB2006/001409

such that a predetermi ned |level of cleaning is

achi eved, as denonstrated by ggnbrane permeability.

35. A nethod according to any“dhe of the preceding

clainms carried out as a batch process, or in a

8ont i pmmggloémm@igg to any one of the preceding claims further including, prior

to, concurrently with or after monopersulfate cleaning, an aeration step, or a step of

irradiating with ultraviolet light.

34. A method according to any one of the preceding claims wherein the cleaning is
conducted for a predetermined time such that a predetermined level of cleaning is

achieved, as demonstrated by membrane permeability.

35. A method according to any one of the preceding claims carried out as a batch

process, Or in a continuous process.



