Title: CHEM CAL AND PROCESS FOR CLEANI NG MEMBRANES Techni cal Field The
invention relates to conpositions and processes for cleaning nenbranes, in
parti cul avot200sapgesi ti ons and processes usi ng hydroxyl pcacdiieadsmoirs7t he

cl eaning of polynmeric mcrofiltration and ultrafiltrati on nenbranes.
Background Art Polymeric mcrofiltration ?nd ultrafiltrati on nenbranes have
found wi despread use in the filtration of "water. The porous mcrofiltration

and ultrafiltrati on menbranes conmonl n use are dwall in the form of
01 | ow 1 br ckitienr B MHCADANDPRACHSS FORCT AN RaNEShon set |t o
nodul es, which can further be arranged into banks of nodules. In this way,
rrenbrane surface area is maximsed for a given volune, and | arge water

t hr oughput s Eeohniral Hield eved by apparatus having a relatively snal |
"footprint”. In sone nodes of operation, contam nated feedwater is
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the outside of the hollow fibres. The contam nated feed water nay be

pressuri sed daktidi@aes §&hﬁo§ilﬁbr@%ﬂﬂ%¥&e9ﬁ§ ﬁﬁﬁghpamseﬁtr%cﬁg 1P§e clddRingBELr ane.
When the water passes through the hollow frbre polyneric nmenbranes, it

cccumi at e skl REANRSh o HOETRAIGE mchRmAere 11 can thus be

Background Art
Polymeric microfiltration and ultrafiltration membranes have found widespread use in

10 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 further be arranged into
banks of modules. In this way, membrane surface area is maximisec-i for a given volume,
and large water throughputs can be achieved by apparatus having a relatively small

15 “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. Tl;e
contaminated feed water may be pressurised if necessary to achieve passage of water
20  across the membrane. When the water passes through the hollow fibre polyr_nerfc
membranes, it accumulates inside the lu:men of the fibre, from where it can thus be

drawn off and used. The contaminants remain on the outside of the hollow fibres.

As these contaminant materials build up on the filter they reduce the overall

25 permeability of the membrane. Thus, the volume of water that passes through the



drawn off and used. The contam nants remain on the outside of the holl ow
fibres. As these contam nant nmaterials build up on the filter they reduce

t he over avb 2peoreabi | ity of the menmbrane. Thus, the vol proe/aafoosabers7t hat
passes through thenenbrane at a given pressure is reduced, or .
alternatively, the amount of pressure neeged to sustain a given nmenbrane

t hroughput is increased. In either case, the situation is undesirable, as
the menbrane wi|l soon cease producing clean water altogether, or will need
t o operate aNCPPIEES ar2EIVOMPIERSUe skednssd rasyltamatively. the egointyof pressire needed
menbrane. For this reason the nenbranes need to be cleaned. A |arge anount
of the cont avisnstans gieen hembrne ttedughponistineredsed.| byeifebcase ijie pitudtiodiic
backwashing, i.e. forcing a gas or filtrate through the inside |unmen of the

hol | ow fi br eundestiibés)es the nferfbra®eivilPbon@BAdeDréducinieclédnomter altdstheabewilguch
that the gas pushes contam nants fromthe nenbrane pores, into the
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mechani ca jtatli if desired. .However. these nechanical and gas
backmashi%gqﬁgf%%agﬁngmﬁgan%8%§9§?§$§b3¢¥%ctive and over tinme their
efficacy gradually decreases as the nenbranes becone foul ed by materi al
which is not so readily renoved by these nmeans. Because of the nature of
the material being filtered, which is often surface water, ground water
pur poses, neMiranampinoé thetntntngnts ¢an be emoved frimahe holdow Gibtd bygpaipdint s ar e
bi ol ogi cal and/or organic in

backwashing, i.e. forcing a gas or filtrate through the inside lumen of the hollow fibre

membrane in a direction contra to the flow of the water such that the gas pushes
10 contaminants from the membrane pores, into the surrounding water which 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.

However, these mechanical and gas bapkwashing methods are not completely effective
15 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, ground water purposes, membrane
bioreactors and the like, much of the fouling agents are biological and/or organic in
nature. Accordingly, additional cleaning steps are required.
20
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.



nature. Accordingly, additional cleaning steps are required. Polyneric
mcrof Itration and ultrafiltration nenbranes fouled with biological or

or gani ¢ rmbt2ese/h2eoe typi cally been cl eaned by the use ofcumutedsioeelsecl eani ng
agents such as sodi um hypochlorite (chlorine), hydrogen peroxide and to a

| esser extent ozone.Chlorine is the nost wdely used cl eani ng agent however
it is undesirable for w despread use as & water treatnent chem cal.
Chlorine dosing.in water treatnment systems is a known cause of carcinogenic
chl ori nat ed @eyinsiie theymet sddely ysedriesningagsnhionaveoit s undasicable oreat e
environment al di sposal problenms. Chlorine gas itself, as well as having an
unpl easant oddespread sisahs@wateh @adttrenhetearichlt Chidnins dosing ihwatar geatnithe use of
hydr ogen peroxi de can avoid issues related to hazardous and environnentally

unsound chl gyiterat Bch Iowe QU Soarditdgehit dheshatldforgdn@by podacts.| Theveage
chem cal when conpared to chlorine.- Ozone is a nore effective cleaning

agent than ¢hl0nbRenalcafl HiLRIAY 11d8spoR1 rHiSfs. P Yoefl ad MIEI1
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menbr anes, sy PVdE .t hat, resi st oxidatian by.chl orine or peroxide are
cuscept b o % oAb b i 0080 &1 e A B8 P el b ol 5l “oxi cant
Ozone and chlorine also suffer fromthe di sadvantage that they can be
involved in reaction pathways which result in the production of substances

li ke trihal onethanes. It is the object of the present invention to overcone
or anel i or atldearse pehytroganaetdxideean avoid issues related to hazardous and environmentally

unsound chlorinated by-products, but is less efficient as a cleaning chemical when

compared to chlorine.

10
Ozone is a more effective cleaning agent than chlorine or hydrogen peroxide, and also
avoids many of the safety/environmental issues surrounding the use of chlorine.
However membranes such as PVdF that resist oxidation by chlorine or peroxide are
susceptible to degradation by ozone, as it is the more powerful oxidant.

15

Ozone and chlorine also suffer from the disadvantage that they can be involved in

reaction pathways which result in the production of substances like trihalomethanes.

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

20 above mentioned disadvantages of the prior art.

Description of the Invention
"+ According to a first aspect, the invention provides a method for cleaning a
- microfiltration or ultrafiltration membrane comprising the step of contacting said

25 membrane with a hydroxyl radical.



above nentioned di sadvantages of the prior art. Description of the

I nvention According to a first aspect, the invention provides a nethod for
cl eani ng wormewabéoht rati on or ultrafiltrati on menbrane eormuzsisngitshe step
of contacting said nenbrane with a hydroxyl radical.-AThe microfiltration
or ultrafiltration nenbrane can be nmade fyom any suitabl e oxidation
resistant material, including but not linlted to honopol yners, copol ymers,
terpolynmers and the |ike, manufactured fromany or all of the foll ow ng
fully or partially hal ogenated nononers including vinyl fluoride, vinyl
chloride, vinylidene fluoride, vinylidene chloride, hexafl uoropropylene,
chl or ot ri f | dbeaorictofileation candtrafdtratidnl membiahg cambs mBde fromuing rshiyabhe exidaticed

bl ends or copolyners for mcrofiltration or ultrafiltration nenbranes are
t hose nade fresisamataeriabyihtldding but hietrliniesd to hemoBYEmers kogsipakbyNerpolyahers
chlorotrifluoroethylene with ethylene, i.e. ECTFE (Halar), copolymers of

chlorotrifl uaq artiie pRRuMbMFdEt &Y L8P 6! mbpﬂﬁe Ifafd%lﬁg FihyeorQRARiMy HARIgEnAEdIer
nononer (such as acryllc esters) and pol ysul fones. “Thé hydroxyl radical may

be gener r qu@ f t|ng of
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Particularly preferred blends or copolymers for microfiltration or ultrafiltration
membranes are those made from polyvinylidene fluoride, i.e. PVdF, or copolymers of
chlorotrifluoroethylene with ethylene, i.e. ECTFE (Halar), copolymers of

10 chlorotrifluoroethylene with ethylene which incorporate one or more other monomer

(such as acrylic esters) and polysulfones.

The hydroxyl radical may be generated by one or more methods selected from the group

consisting of acidified hydrogen peroxide, organic peroxy acids, such as peracetic acid,
15 combinations of hydrogen peroxide and organic peroxy acids, hydrogen peroxide under

ultraviolet radiation, a combination of hydrogen peroxide and ozone with or without

ultraviolet radiation, at a pH of between 2-9.

One preferred embodiment of the present invention involves the provision of hydroxyl
20 radicals to an oxidation resistant membrane for cleaning purposes wherein the hydroxyl
radicals are generated from an aqueous solution of transition metal ions, in conjunction

with hydrogen peroxide under acidic conditions .

Preferably the transition metal ions are iron II and/or iron III. VPreferably, the acidic

25 conditions are a pH of between about pH 2-6



ultraviolet radiation, a conbination of hydrogen peroxi de and ozone with or
w thout ultraviolet radiation, at a pH of between 2-9. One preferred

enbodi mrenwoahodithesopr esent i nventi on invol ves the provi sipomAafl206s0iGxy|

radi cal s to an oxidation resistant nmenbrane for cleaning purposes wherein
t he hydroxyl radicals are generated from an aqueous solution of transition
metal ions, in conjunction with hydrogen™peroxi de under acidic conditions .
Preferably the transition netal ions are iron Il and/or iron II1.
Preferably, the acidic conditions are a pH of between about pH 2-6Any
transition netal can be used, not just iron. Ml ybdenum chrom um cobalt,
copper or t ungstrasitmnaenethloan he afat, netdustAron. Adokybdenune ichtonhiom, cobattoogyipex
that can easily be reduced/ oxi di sed can be used as the catal yst system for

the cl eani ngri®igdRd atf alidprefirRae Alnyl dqu€siisin®tal i68 GDEASIER At dn dakidpbé t i on
nmetal ions may al so be used, and nmay be froma variety of sources, and can

be suppl ementsielbkidisdddhd bORRY A %a%yszgﬁérﬁ% e@ﬁ&ﬁﬁgﬁgdhoﬁT ¢

transition nmetals can be added al one or a conplex wt chel ati ng or

other corpl el A080Gn. LuMRIRLe oAk R AAH SpChek 3 8 SE Mg by BLr 1 ©

acid. Hydr ofﬁ?ser Ical’s” are po I'SI'AQ Sent a

power ful method for. renoving fouling frommenbranes used in filtration,

particul arl ﬁlqni"l ANy © ?‘P‘{rF‘%‘t ?rtﬂlec rsépﬂ’lﬁmﬁ%tgg%@rﬁdgltwalb‘%* SPESFS &hd/ or

organi c fouling are found. -
necessary.

The transition metals can be added alone or as a complex with a chelating or other

10 complexing agent. An example of a suitable chelating agent is citric acid.

Hydroxy! radicals are powerful oxidising agents, and thus represent a powerful method
for removing fouling from membranes used in filtration, particularly in water filtration
where large amounts of biological and/or organic fouling are found.

15
It has been found that a number of polymeric membranes, including PVdF, have a good
resistance to hydroxyl radicals. This is surprising because polymeric membranes such as
PVdF are not very stable with ozone even though hydroxyl radicals are considered more
powerful oxidising agents than ozone for cleaning organics from fouled membranes.

20  without wishing to be bound by theory, it is possible that the reason for this may be due -

to the short lifetime of hydroxyl radicals.

In one preferred embodiment, the solution of hydroxyl radicals is prepared from an
aqueous solution of M™ and/or M™*D* (for example, an iron II and/or iron III system)-

25 in conjunction with hydrogen peroxide at a-low pH. Either M™ and/or M™* will



It has been found that a nunber of polyneric nmenbranes, including PVdF,
have a good resistance to hydroxyl radicals. This is surprising because

pol yner i cwoeniwmp®@s such as PVAF are not very stabl e w thToarns/mwyen t hough
hydr oxyl radicals are considered nore powerful oxidising agents than ozone
for cleaning organics fromfoul ed menbranges. w thout w shing to be bound by
theory, it is possible that the reason for this my be due to the short
lifetinme of hydroxyl radicals. In one preferred enbodi nent, the solution of
hydr oxyl radfachia8 approprias sAwdbripgrhetivecadhebsspssicst Fomingtnagy {49 pessidleto

M n+1)+ (for exanple, an iron Il and/or iron Ill system) in conjunction

wi t h hydr ogetartpeitiogitlbe fertoua ok Garip kpecksst toeget M ilenticuh datalyst\ystem) 4Othet | r each
an appropriate equilibriumbetween the two species. For instance, it is
possi bl e t o psdcaicdlitiths nthyalidti@lont @K 6:QHS oter, el ihbten &P RBER the h&ald€iroan

identical catalyst system OQher practicalities may dictate one over the

other, for ippe%@m;,qmnmgﬁmég%rmalto't%rtitﬁ@ﬂaactmneée%&k%'tp/ey;stell?@u%); ﬂeertﬁ cies are

used to start the'reaction because they tend to be nore - so an any

correspondi i ) i es. Thus,:the possibllity .of. undi ssolved.iron
1 aar te SOublefed iy GRS Rmal LG EOTRLY i ighs Bhigh Oyl ok
invention will Dbe described wth respect. to ifon |l and iron II1l, but it
will be undéh§?€%ﬂr? ¢ %bﬁﬁnf%ﬂgﬁ&ﬁ%Qéﬁ%WPR%B EO%hy/dr oxyl radicals are
generated. The general schene for preparing hydroxyl radicals by the redox
cat al yst/ peroxi de/ H+ system of the present invention is as shown bel ow. The
reaction of either iron Il or iron - .

The invention will be described with respect to iron II and iron III, but it will be

understood to apply to any system where hydroxyl radicals are generated.

10
The general scheme for preparing hydroxyl radicals by the redox catalyst/peroxide/H"
system of the present invention is as shown below. The reaction of either iron II or iron
I with hydrogen peroxide is possible, generating the complementary iron species.
Overall, it can be seen that the system is catalytic with respect to iron, and also that

15 conservation of pH would be expected if there were no other influences on the reaction.
However when used to clean membranes, the pH would be expected to decrease during

the course of the reaction due to organic acids formed as organic foulants are

decomposed.
20 Fe’* + H,0, Fe** + OH +HO
Fe’* + H,0, Fe?' +‘OOH + H'
Overall:
2 H,0, H,0 + HO + ‘'O0H

25



1l with hydrogen peroxide is possible, generating the conplenentary iron
species. Overall, it can be seen that the systemis catalytic with respect
to iron, wodoa@|osot hat conservation of pH woul d be expeeteduzbosidoerse wer e
no other influences on the reaction. However when used to-clean nmenbranes,
the pH woul d be expected to decrease duri_?_g the course of the reaction due
to organic acids forned as organi c foulants are deconposed. Fe2+ + H2Q2
Fe3+ + OH + Fe3+ + H2O? 2+ + OOH + H+Q/erall 2 H2O2 H20 + HO + OCHThe
hydroxyl radi &Y F%x-‘/éraéﬂ%ﬁga Hrang oidanh 43ving a selaidyeqxidation,nodst PV thiewer
over two tines greater than chlorine, and being second only to F in

oxi dati ve sttimeggrpaten ﬁlamdﬁob@%mdb@dgﬁglodé@nbdp R igexridativeskengthnitshasr educe
toxicity and to control odours and colours in water. The contacting of the
nmenbrane wi theehystdoryestraydirgadis pothytams, ceducaltoxieitpiind to coafibi dddlitsamdwi t h_any
ot her cleaning solution or nethod. A variety of methods are possible. For
exanpl e, theol@dimanaceiay be soaked with the hydroxyl radical solution or
have the hydroxyl radical solution filtered or recircul ated through the
menbr ane. s The

The contacting of the membrane with hydroxyl radicals may occur alone or in
combination with any other cleaning solution or method. A variety of methods are

possible.

10  For example, the membrane may be soaked with the hydroxyl radical solution or have
the hydroxyl radical solution filtered or recirculated through the membrane. The
cleaning process may involve an aeration step, or a step of irradiating the solution with

ultraviolet light to assist in cleaning.

15 Further, the cleaning solution once used may be recovered. The iron II/iron III system is
catalytic and may be used to restart the cleaning process by the application of fresh

amounté of hydrogen peroxide and an appropriate pH adjustment if required.

The redox catalyst/peroxide/H" reagent may be utilised in a variety of ways. The

20 individual redox catalyst/peroxide/H" reagent components may be added together, or
preferably separately, directly to the water which surrounds the fibre r-nembranes'.
Alternatively, for example, when the redox catalyst/peroxide/H" system ﬁses iron II/iron
111 catalyst, the source of iron ions may be from the feed water to be filtered. Depending
upon the iron concentration required for cleaning efficiency it may not be necessary fo

25  supplement the natural iron source by dosing with additional iron I or iron III. This



cl eaning process may involve an aeration step, or a step of irradiating the
solution with ultraviolet light to assist in cleaning. Further, the

cl eani ng wol2udd/apsoonce used nmay be recovered. The iron PPCriAvtamsidoilssyst em
is catalytic and may be used to restart the cleaning process by the
application of fresh amounts of hydrogen peroxi de and an appropriate pH
adjustnent if required. The redox catal yst/ peroxide/ H+ reagent may be
utilised in a variety qf ways. The indjvi glual_ redox cat al yst/ per oxi de/ H+
reagent conpBebh PREIPle for syamale; BugsrtR@rindysirial pEqcessss Py IngBIRERIEFSESES.
directly to the water which surrounds the fibre nenbranes. Al ternatively,
for exanpl e,lraghiens mag be edded in4e thieyfetd watenspedidicklly Byistreaselismsconcanralib ir on
1l catalyst, the source of iron ions may be fromthe feed water to be
filtered. Depderdhatghaneactidnedficiemsy iphcbanéitahta required for cl eaning
efficiency it may not be necessary to supplenent the natural iron source by
dosing with additional iron Il or iron Ill. Thismy be applicable for
exanple, in certain industrial processes or in mning processes. lron ions

my be adg.eqﬁlité}nétf{/e} A eIaﬁ)gg)apﬁBF{he gf.ltfi.hG ild}{.rx]ia ﬂe”u%ég fﬂst ég@"f&ﬁ%‘ﬁe of,

concentration in or e reactron eftficiency m e enhafced.
Al ternativel the approach .of the present _.jnvention . be used. to take
advant age ofexgﬁlflgfﬁoﬁﬁg?cilﬁnw gléﬁﬁeé’\&:e%%ﬂﬁ leﬁheaﬁtr%f”é?é‘ﬁf' WFWE@W?F% [oqs
water. Ferric chloride (iron IIl) is commonly used as_a floccul ati ng agent
to settle resmmely Headasiaflocpylaiing agsnt o seitlgrpyidual swterighprier tolfHirptioneso f eed
wat er can be passed through a filter. Ferric chloride may al so be

that a clarified feed water can be passed through a filter. Ferric chloride may also be

used to remove phosphorous during or after the filtration step. Thus, iron catalysts

10  present in the water either from pre-treatment or for post treatment may be used to

generate the redox catalyst/peroxide/H" system of the present invention.

To expand on one example, iron II or iron III can be added in the feed water at an
appropriate concentration to clarify water. After sedimentation, the clarified water is

15 drawn off, containing iron II and/or iron III. This then introduced to a membrane, the
pH is reduced to about pH4 and peroxide is added. Alternatively, the pH can be reduced
and peroxide added prior to introduction to a membrane. The redox catalyst/peroxide/H"
system of the present invention may be passed through the membrane just once, or
allowed to contact the merﬁbrane by standing for a time, or recirculated through the

20 membrane or membrane system. The contact time is selected such that either a
predetermined level of cleaning is achieved, as demonstrated by pressure drop, or a
predetermined level of hydroxyl radicals is reached, below which the rate of cleaning is
no longer practicable. If necessary, the iron II/ iron III system remaining after the
hydroxyl radicals is consumed may be re used by pH correction to about pH4 (if

25 necessary) and reintroduction of further hydrogen peroxide.



used to renove phosphorous during or after the filtration step. Thus, iron
catal ysts present in the water either frompre-treatnent or for post

t r eat nentwomyodnazéssed t o generate the redox catal yst/ peroxiairiddoosyst em of
the present invention. To expand on one exanple, iron Il or iron Ill can be
added in the feed water at an appropriate concentration to clarify water.
After sedinentation, the clarified water 1{’'s drawn off, containing iron ||
and/or iron Ill. This then introduced to a nenbrane, the pHis reduced to
about pH4 and peroxide is added. Alternatively, the pH can be reduced and
per oxi de added prior to introduction to a nenbrane. The redox _

cat al yst / per@ncedis¢d-the syatyshirat miahbe peoosand fionythetcleaningaylutien pRsswarit dumough
t he nenbrane just once, or allowed to contact the nenbrane by standing for

a tine, or neeiffectel aitkd Hylte@ighng i SRBFEYI Mo ol IRIHNORREuSYE b9 Mocdklfting
contact tinme is selected such that either a predeterm ned | evel of cleaning

i's achieved, h@ﬁorgSMSQiB%gﬁg)g{ Q%tél?%%ﬁ@#? g%qu[ﬁﬁg an®Plhefl s ageﬂglg%’umﬂéﬁg)nl evel of

hydroxyl radicals 1s re rate o ning i s no | onger
the iron, 11/ ir m renai ni n er the

practicabl e.qlf necessar on. 11l syst a
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(i f necessar. and. reiptroductiaon of further hydrogen peroxi de. Once used

t he cat al yst‘g‘%srtBﬁ’X %ﬁ@%%@&é@@?@@wfﬁ%- s ‘t‘fP‘élgr\'iIlﬁEj)V%h%‘%fﬁﬁ‘ﬁPC}iR’é@B%rP? can
be effected either by recovering the entire cleaning solution for re-use or
by fl occul atrgasyeryhsten toghors99%i si ng the pH of the cleaning solution and
then separating out the iron

Alternatively, Fe II/III system which has been used as a catalyst for the cleaning solution
10 may be reused in the water filtration process in other ways, e.g. as a flocculent in the
filtration process to improve the quality of the feed to the membranes, to improve or
enhance the filtration performance and to improve and enhance the quality of the filtrate.
These improvements may come from physical separation, such as flocculation, or by the
chemical reaction with other dissolved species, such as phosphates. For example, iron
15 may be used as a catalyst in the redox catalyst/peroxide/H’L system of the present
invention following which the peroxide depleted cleaning solution may be used as a
source of iron to flocculate either the feed or the filtrate. This may be done with or
without further treatment of the peroxide depleted cleaning solution. In one example,
fresh feed water is added to spent cleaning system containing Fell/IIl. The pH rises (or

20 is neutralised) and the iron flocculates and clarifies the feed water prior to filtration.

Because the entire CIP solution of the present invention can be recycled, reduced waste

is certainly a factor.



flocculants. In certain cases it may be necessary to aerate a sol ution of

aqueous Fe Il ions to oxidise the entire solution to Fe Ill. This would
i nprove twe 2eddidieégosency of the lIron recovery step to aboreT2005/001157
Alternatively, Fe I'l/111 systemwhich has been used as a catalyst for the

cl eaning solution may be reused in the waltoer filtration process in other
ways, e.g. as a flocculent in the filtrati’on process to inprove the quality
of the feed to the nenbranes, to inprove or enhance the filtration

per f or mance Bifdny&tioppranke a@ﬁhedaﬁ’kfhﬁ Elratinn of senfaceyvagdr traatment] grewndewatthese

i nprovenents may cone from physical separation, such as floccul ation, or by
t he chem caltraabaett] dﬁaalwaltihn,dtdaanerdiofsmon@dysp&miiay,efihmhar&lsmpﬂnbmpbat es. For
exanple, iron nmay be used as a catalyst in the redox catal yst/peroxide/H +
system of thgofes&@sent invention foll owi ng which the peroxi de depl eted

cl eaning solution may be used as a source of iron to flocculate either the
feed or the filtrate. This may be done with or without further treatnent of
t he peroxi de depleted cleaning solution. In one exanple, fresh feed water

is added to [ system cont ai nin he Hrlses (or is
neutral i sged)ﬁ}gaﬁg)EXI%Cﬁ?dr]gﬁ&fdl%%aghqgastyggmg’nséwh %aﬁmﬁ éasse‘ii B kfeerg PXat er prior to
filtration. [i’i(tjls {(11@ tlregﬁsolutlon of the present .invention can be
recycl ed, rddtfcedP Yelem i the present RveBionréaR l?erﬂféﬁlﬂnr SristHgyPYHema gt i ed
to the filtration of surface water treatnent, ground water treatnent,

desal i nat i orircatmen prasess lefimpeysquality of feedefiltiase gr the pérfienanemof thre filtraiios

process itself. As such, they may be done in a batch process, or in a continuous process,

for instance, where the Iron concentration immediately upstream of or at the membrane
10  is measured, pH is adjusted and peroxide dosed in as appropriate to generate a

pfedetermined concentration of hydroxyl radicals at the membrane.

The cleaning methods are particularly suitable for cleaning in place (CIP) applications.

Microfiltration and ultrafiltration membranes treated with the redox catalyst/peroxide/H"

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

15 used for water filtration.

An additional advantage provided by the methods of the present invention provide a self
recirculating system in cases where vertical hollow fibre membranes are used. Most
applications involve the use of hollow fibre membranes in a vertical orientation.

20 Recirculation through the membrane improves the extent of the clean and is usually
done by pumping cleaning solution thréugh. In the present invention, in hollow fibre
modules treated with the redox catalyst/peroxide/H" system of the present invention, the
solution flows through the membranes and out the top of the lumens which are typically
IOCni above water level. This is because the oxygen bubbles form in the lumens and.

25 displace water. This continuous displacement from evolving oxygen and the rising



bi oreactors. Hydroxyl radical based cl eaning systens, such as those based
on the redox catal yst/peroxi de/ H+ system of the present invention can be
used i n exooeey20yst ens and treatnent process to inproveTRbIstp1r feed,
filtrate or the performance of the filtration process itself. As such, they
may be done in a batch process, or in a continuous process, for instance,
where the lIron concentration i nmedi atel y"upstream of or at the nenbrane is
measured, pH is adjusted and peroxide dosed in as appropriate to generate a
pr edet er m neehbblss sesates atflonthet canpiapesdpldrav asa liguidtin threugheth membrarieheall

cl eaning nmethods are particularly suitable for cleaning in place (CP)

appl i cat i onsandijush ghier putadfithertegpraf thed hunsehi [The adte ofi spoiedne auneow exgaced fwnt h

t he redox catal yst/ peroxi de/ H+ system of the present invention show

i nproved r ecexygey gée@iohQsin tRE raHge WEUTLr SUNGsh, Ws@d af Rk awt%f)?ﬂ(o@x lotn el hrAD
addi ti onal advantage provided by the nethods of the present invention

. . " . . o fib
provide a seffhy ﬁghé E'\}g!;tq;réfaﬂlea Xér‘ic%mrbtfbn%ﬁge\? g&?ﬁézﬁuﬁfgésg 41&%8?6?%610% Lbre

menbranes are used. st” applications Invo e usS ow fibre

menbranes_in a vertical orientation. Recirculation through the nenbrane

I mproves the extent of the clean and is usual Iy done by punpi ng cl eani ng
invention, in hollow fibre nodules treated

W th the rodoRTEA YLHTF SOH ARSI B PBIEcPROpEL Seravoad AHEPEIRS | ho
course of the reaction. This is particularly advantageous for cleaning membranes
because it means the solutions are self agitating and continually refreshing the cleaning
solution. The evolution of gas means that it breaks up the filter cake on the membrane
10 surface. The evolution of oxygen is believed to synergistically enhance the cleaning

process of the present invention.

The clean provided by the redox catalyst/peroxide/H" system of the present inventionv
has, in practice, proven to be low-foaming. In membrane bioreactors, where biological

15  processes are involved, the micro organisms can become unsettled, leading to signiﬁcaﬁt
foaming. However, with the redox catalyst/peroxide/H" system of the present invention,
CIP involved no significant foaming. Without wishing to be bound by theory, it is
believed that this is due to the fact that the disruption to micro organisms is not as drastic
as in other cleans, and the micro organisms consequently do not take so long to settle

20 back down.

Regardless of the type of cleaning situation, for example, reusing iron flocculating
agents, allowing rhembrane’s stand in the redox catalyst/peroxide/H" system of the
present invention, making a single pass of the redox catalyst/peroxide/H" system of the

25 present invention through a membrane or recycling the redox catalyst/peroxide/H"



solution flows through the nenbranes and out the top of the |unens which
are typically | Gcm above water level. This is because the oxygen bubbl es
formin twe 2besmap®iand di spl ace water. This continuous ecsplraeements7from
evol vi ng oxygen and the risingbubbles creates a flow that continues to draw
nore liquid in through the nenbrane wall gnd push water out of the top of
the lunmen. The rate of spontaneous flow ¢ pected from oxygen generation is
in the range 0.01 - 50 I nmh, with val ues about approx 0.21litres/n2. hr (I mh)
in the nost sp¥temaf theopressntwivention through agesmbrane, cheecomicergration of EeliBoed bel ow.
Further, the nature of the reaction neans that oxygen bubbles are evol ved
during the dedllasalwilheve dacdanerbroadhieguirangmns, tand ateciesyspaciviad irngeas st ther

cl eani ng nmenbranes because it neans the solutions are self agitating and

cont i nual | y gvefallesitun dflﬂ@g@h@@é’]juﬂgd.sm ution. The evol ution of gas neans
that it breaks up the filter cake on the nenbrane surface. The evol ution of

oxygen is believed to synergistically enhance the cl eaning process of the
present invention. The clean provided by the redox catal yst/peroxide/H +

system of _t resent invention.has, in pract.i roven to be | ow foam ng.
Bpd |

.o g
I'n menbr ahe BE ppersthe fpiree ofthe Wagtey erpq’“gég%g@ I CHPONRULS IPURSENt REfEM cr o
organi sms can become unsettled, |eading to significant foam ng. However,
with the red8leringand gaanesan gxadyes wpwanigdempands, seclhastsibplomethrant i bie Cl P
invol ved no significant foam ng. Wthout wi shing to be bound by theory, it
i s bel i eved claanmgtithodsof theepresent neritanot da i tfadikietedhs pradtictoon ¢fo ni cr o
organisns is not as drastic

trihalomethanes and the like. To the contrary, the cleaning methods of the present

invention actually destroy, where present, trihalomethanes and the like.

10

Typically, a concentration less than 300ppm of Fe can be used. Concentrations as low as

15-20ppm Fe are efficacious, but the reaction time required is longer, for example, in

excess of 24hrs. Preferred concentrations are between 50-5000ppm FeSO,, and more

preferably 300-1200ppm. Contact times vary with the type of feed being filtered.

15 Typical cleans are from 0.5-24 hrs but more preferably 2-4hrs.

Peroxide concentrations are preferably between 100-20000 ppm, more preferably

between 400 ppm and 10000ppm and even more preferably between 1000-5000ppm.

20 Itis also preferable to have the ratio of Fe:H,0, between 1:4 and 1:7.5, and more

preferably between 1:5-1 :25.

Preferably pH is in the range 2-6, more preferably 3-5. Lower pH’s can be used if it is
desired to have a ‘dual’ organic/inorganic clean. A dual clean is required in some CIP

25 regimes. This involves both an acid clean (which may be an inorganic acid or, more



as in other cleans, and the mcro organi sns consequently do not take so
long to settle back down. Regardl ess of the type of cleaning situation, for
exanpl e, weusedng2d¢mon floccul ati ng agents, allow ng nempcanaRossi@nd7i n t he
redox catal yst/peroxide/H + system of the present invention, nmaking a

si ngl e pass of the redox catalyst/peroxiagllTl system of the present

i nvention through a nenbrane or recycling”’the redox catal yst/peroxide/H
+system of the present inyention through a nenbrane, the concentration of
Fe(11) or Fapwally)anpsganicrgid seehas cithie agidhio 15MOxe INosganiq Bwtartssandardlaiinge best
specified in ternms of the overall amounts of reagents required. Depending
upon t he sogteer tofemdve ongmicefonkine: Thedis¢ httherétox catmbgsopeokisleffif esystem of
therein, chlorine and ozone can produce unwant ed conpounds, such as

tri hal onet halegreschhivehttd@n haxgthead et of ptdviding BSBRNL aciivadtan@kidhtive elean
facilitate the production of trihal onethanes and the like. To the contrary,
the cl eani ng, FefBRAoQEs.t he present invention actually destroy, where
present, trihal onethanes and the like. Typically, a concentration |ess than
300ppm of . Fe can be used. Concentrations as |ow as 15-20ppm Fe are

efficaci ous, but the reaction tine required is longer, for exanple, in
excess of 24hrs. Preferred concentyrations are Eetmeen,SO-SOOOp m FeSO 4,

and nore pr éf BPHE {hesepxcatsdsReTorssith v stemaidhs Bresenhinventionhdd e of f eed

being filtered. Typical cleans are fromO0.5-24 hrs but nore Preferably
2-4hrs. concentration of 0.12wt% FeSO4 at pH2, and a peroxide concentration of between

5000ppm and 9000ppm.

10  The rate of addition of H,O; is such that it is sufficient to add the equivalent amount of
H>0, over the time of the clean. For example, in the case of a 4000ppm H,O,
concentration for a duration of 4 hours, H,O, would be dosed at approximately 1000ppm

per hour.

15 Sodium hydrogen sulphate (NaHSO,) can be used to control the pH. Sulfuric acid can
be used, buffered with NaOH to get the desired pH. Chloride ions can be present, e.g. in
the form of FeCl; of HCl. When the pH is lowered some HCI could be generated, which

is a gas.

20 Any acid can be used, provided that the pH is in the right range. Preferably the system is
a Sulfuric/Caustic combination or sulfuric/sodium hydrogen sulphate combination.

Citric acid is also preferred as a pH control agent.

Figure 1 shows the comparison of Chlorine clean and a clean provided by the redox

25 catalyst/peroxide/H" system of the present invention. Figure 1 shows a cleaning in place



Per oxi de concentrations are preferably between 100-20000 ppm nore
preferably between 400 ppm and | OOOOppm and even nore preferably between
1000- 5000wprmodidi2¢9s al so preferable to have the ratio ofcFaudid@@itzet ween
1:4 and 1:7.5, and nore preferably between 1:5-1:25. Preferably pHis in
the range 2-6, nore preferably 3-5. Lower pH s can be used if it is desired
to have a 'dual' organic/inorganic cl ean'.14A dual clean is required in sone
CIP reginmes. This involves both an acid clean (which may be an inorganic
acid or, moleldaaf iNustates thyaslative advintage Bverschiorine ddeaas wdjcht qan be wbtained

i norgani c foulants and a chlorine clean to renove organic foul ants. The use
of the redoxronathalrydix/ qatal pstipeieyxideH Syysteemofithe plesenprimsativn.i Thesgecific has t he
advant age of providing both an acid and an oxidative clean in a single

process. A ftcphigglpréddd@uricedpthe G@b alewnd pRRira%d dedsHotowy.st em of the present
invention had a concentration of 0.12wm % FeSO4 at pH2, and a peroxide

concentration of between 5000ppm and 9000ppm The rate of addition O H2O2

is such that it is sufficient to add the equival ent anount of H2Q2 over the
time of tyedllloeran. Iéonr, exanple, in the case of a 4000ppm H2Q2 concentrati on
for a duration 31‘6911 ours, H2Q2 woul d be dosed at approxi mately | OOOppm per

hour. Sodi um h dr88en Shli phate (NaHSO 4) can be used to control the pH
Sul furic acid £Ean00ppm chlorine rinse for 30 minutes

2. Liquid backwash for 2 minutes
3. 1500ppm chlorine soak with intermittent aeration (30 sec every 10 minutes at
8m3/hr) for 3 hours
10 4. Liquid backwash for 2 minutes

5. Drain down and restart

Clean provided by the redox catalyst/peroxide/H" system of the present invention:
1. Rinse with tap water with intermittent aeration (8m3/hr every 10 seconds, 300
15 seconds) for 15 miﬁutes.
2. Fill filtrate tank with tap water and 8L of H;SO4 & FeSO, solution (0.1% H,SO,4
and 0.12% FeS0s), 5.6L of Peroxide (~0.5%), pH=2.60.
3. Peroxide added to filtrate tank slowly with constant stirring.
4. Membrane tank filled and soak for 4 hours, with no aeration.

20 5. Drained down and restarted unit .

A used membrane was cleaned and allowed to filter a typical waste water feed. Starting
permeability was around 150 Imh/bar. The permeability of the membrane began to drop
in use as expected and eventually fell below initial levels to about 120 Imh/bar before

25  the chlorine clean was commenced. The chlorine clean restored permeability to initial



be used, buffered with NaOH to get the desired pH Chloride ions can be
present, e.g. in the formOFed 3 of HO. Wen the pHis | owered sonme HC
coul d be wenesstiesdy which is a gas. Any acid can be use@cTmmvisdedisthat the
pHis in the right range. Preferably the systemis a Sulfuric/Caustic
conbi nati on or sul furic/sodi um hydrogen syl phate conbi nation. Ctric acid
is also preferred as a pH control agent. Frgure 1 shows the conparison of
Chl orine clean and a clean provided by the redox catalyst/peroxide/H +
system of t Hevebsy, bykagain drppprd erebow IPGrmhibas lrowss ag expestadi Myt this ppindceiaiP)
and illustrates the relative advantage over chlorine cl eans which can be
obt ai ned fr dmatdvedaned withaht ptegatt ipention das kppliedy The medibrideepepmestélity was

i nvention. The specific cleaning procedure for the two cleans perfornmed is

as follows: hbriitae an;egi@hiﬂbamEOQ&@m}ﬁhIaefHerseanéma@proeéss,?»&o&ﬂdemm@bar
Li qui d backwash for m nutes 3.” 1500ppm chl orine soak with intermttent

aeration (30 $86st8%ShYneh® AbMY! §fe ﬁ{etmgﬁée?a }lgllfegernt ﬁlvgglg&ﬁgl}ﬂ% Rx'o'vﬂfégq backwash

for 2 mnutes 5. Drain down~and restart an provi e redox
catal yst/ p ers?gxnli 1cea/nh|; b3 esrtc?ergnqgar;[ cqﬁox%{e?%‘latﬂtnolng 3 Hltela?tgﬁdant health or waste

disposal issues.



1. Rnse with tap water with intermttent aeration (8nB/hr every 10
seconds, 300 seconds) for 15 mnutes. 2. Fill filtrate tank with tap water
and 8L ofwb2863189keSO4 sol ution (0. 1% H2SO4 and 0. 12%pEel@2p)s/d016L of
Peroxide (-0.5%, pH2.60. 3. Peroxide added to filtrate tank slowy with
constant stirring. 4. Menbrane tank filled and soak for 4 hours, with no
aeration. 5. Drained down and restarted Ufft . A used nembrane was cl eaned
and allowed to filter a typical waste water feed. Starting perneability was
around 150 |ITHE E&AIMBERBYINGHHE INVIOR TION ARIASFRLLbOYES -t o drop in use
as expected and eventually fell belowinitial levels to about 120 | nh/bar-
before the chlorine clean was commenced. The chlorine clean restored
perneability to initiallevels, but again dropped to about 120 | nmh/bar in
use as expected. At this point, a clean in accordance with the present

| nvention was ol NECIIRADE ARGoRRAIBAB] Lidhkition LESHLAL AR ARANOt

significantly better than at e star e process, aroun

al nost an_"as_new' fiqure., The. nmetho f the,present invention thus

provi ded & ssfegn(ﬁ P%tgﬁt?ff%/sabdeW@PragFévéﬁ atqﬁ'él%o tlnF%‘ﬁ?a‘ri'e, with none of the
attendant health or waste disposal issues. THE CLAI M5 DEFI NI NG THE | NVENTI ON
ARE AS FOLLOAG: - 1. A nethod for cleaning a mcrofiltration or

ultrafiltration nenbrane conprising the step of contacting said nenbrane
with a hydr (ny| A mgthodlaccording to claim 1 wherein the microfiltration or ultrafiltration

membrane is cleaned of biological fouling and/or organic fouling.

10 3. A method according to claim 1 or claim 2 wherein the membrane is an oxidation

resistant membrane.

4. A method according to claim 3 wherein the microfiltration or ultrafiltration
membrane is made from polyvinylidene fluoride (PVdF), copolymers of
15  chlorotrifluoroethylene with ethylene, copolymers of chlorotrifluoroethylene with

ethylene and one or more other monomers, or polysulfones.

5. A method according to claim 4 wherein the blend of chlorotrifluoroethylene with
ethylene is Halar.

20
6. A method according to any one of the precéding claims wherein the hydroxyi
radical is generated from acidified hydrogen peroxide, and acidified organic peroxy acid

or a combination of acidified hydrogen peroxide and acidified organic peroxy acids.

25 7. A method according to claim 6 wherein the organic peroxy acid is peracetic acid.



2. A method according to claim1l wherein the mcrofiltration or
ultrafiltration nenbrane is cleaned of biological fouling and/or organic
foul i ng. 80 2806matdyed according to claim 1l or claim2 whecgiaubds@onBmbr ane
is an oxidation resistant nmenbrane. 4. A nethod according to claim3
wherein the mcrofiltration or ultrafiltration nenbrane is nade from

pol yvi nyl i dene fluoride (PVdF), copol ynmerld-of chlorotrifluoroethylene with
et hyl ene, copolynmers of chlorotrifluoroethyl ene with ethylene and one or
nore ot her nononers, or polysulfones. 5. A nmethod according to claim4
wherein the blend of chlorotrifluoroethylene with ethylene is Halar. 6. A

met hod accorgli ngA i tiRsiyaces@ir tolcBmiy WEGEInIBe By BbXR 18416 Ferdehfed¥sthOXY |
radical is generated fromacidified hydrogen peroxide, and acidified

organic perQ%Xﬁﬁ&iﬂ&ﬂ&§§uﬁﬂﬁggéati0” of acidified hydrogen peroxide and

acidified organi c peroxy acl 7. A method according to claim®6 wherein

the organic peroxy acid is peracetic acid.8. A nethod according to claim®6

wherein the hydroxyl radical is generated fromacidified hydrogen peroxide.

9. A nethod according to claim8 wherejn the hydroxyl radical is_ generated

by treating hydrdgstigdacexiding wiclam§ vhergindhehydrauylsediesl is generated st hod

according to any one of clains 1 to 5 wherein the hydroxyl radical is
treating hydrogen peroxide with ultraviolet radiation.

10. A method according to any one of claims 1 to 5, wherein the hydroxyl radical is
generated by a combination of hydrogen peroxide and ozone. |

10
11. A method according to any one of claims 1 to 9 wherein the hydroxyl radicals are
generated from an aqueous solution of transition metal (M) ions, in conjunction with

hydrogen peroxide under acidic conditions.

15 12. A method according to any one of claims 1 to 9 wherein the hydroxyl radicals are
generated from an aqueous solution of transition metal (M) ions present as a complex

with a chelating agent, in conjunction with hydrogen peroxide under acidic conditions.

13. A method according to claim 12 wherein the chelating agent is citric acid.
20
14. A method according to any one of the preceding claims wherein the solution of

(n+1)+ l

hydroxyl radicals is prepared from an aqueous solution of M™ and/or M n

conjunction with hydrogen peroxide at a low pH.



generated by a conbi nati on of hydrogen peroxi de and ozone. 11. A nethod
according to any one of clains 1 to 9 wherein the hydroxyl radicals are
gener at edwbnoswmEpssagqueous sol ution of transition nmetal @EW/AWDNEE/001157
conjunction with hydrogen peroxide under acidic conditions. 12. A method
according to any one of clainms 1 to 9 wherein the hydroxyl radicals are
generated from an aqueous solution of tralfsition metal (M ions present as
a conplex with a chelating agent, in conjunction with hydrogen peroxide
under aci di clxcondi mgibad acchdingtomtyhoet cdckamslil hep 14 whkmimha Acidivaroaditionbe
chel ating agent is citric acid. 14. A nethod according to any one of the
precedi ng clat apHbRyeeveentddbeussi atd on of hydroxyl radicals is prepared from
an aqueous solution of Mn+) and/or Mn+l1)+ in conjunction w th hydrogen
peroxide at a | ow pH. 15. A nethod according to any one of clains 11 to 14
wherein the acidic conditions are a pH of between about pH 2-6 16. A nethod

accordi ng to, any L 11 to 15 wherein the transition. metal,.s
ron 170 A HET TS ackbRTg by bBe AR L8 o Vi Yo Rl B h e
transition netal is nolybdenum chromium cobalt, copper or tungsten. 18. A
met hod actor®i™hg to any one of claims 11 to 17 wherein the transition netal

is any aqueous netal ion or conplex that can easily be reduced/ oxi di sed

17. A method according to any one of claims 11 to 13 wherein the transition metal is

molybdenum, chromium, cobalt, copper or tungsten.

10 18. A method according to any one of claims 11 to 17 wherein the transition metal is

any aqueous metal ion or complex that can easily be reduced/oxidised

19. A method according to claim 16 wherein M™ and/or M™"* is an iron II and/or
iron III system

15
20. A method according to claim 19 wherein the iron II and/or iron III system solution

is prepared from ferrous species or ferric species.

21. A method according to any one of claims 11 to 20 which is catalytic with respect

20 to the transition metal.

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

or ultrafiltration membrane is soaked with a solution containing hydroxyl radicals.



19. A nethod according to claim16 wherein Mand/or Mn+l + is an iron |
and/or iron Il1l system 20. A nethod according to claim 19 wherein the iron
I 1 and/ orwonroes/dikde1syst em sol ution i s prepared from f er POEAIRPESM0OEST OF
ferric species. 21. A nethod according to any one of clainms 11 to 20 which
is catalytic with respect to the transition netal. 22. A nmethod according
to any one of the preceding clainms whereilf-the mcrofiltration or
ultrafiltration nenbrane is soaked with a solution containing hydroxyl

radi cal s. 23.23A renetcdacoodidigngatyomngf thapreoéding elapneskeeing oldioms wher ei n
a solution containing hydroxyl radicals is filtered or recircul ated through

t he menbr aneoniéthindhyRohdadieOisdilRged & rédifduliteiPthedugB3Ind meibfinel ncl udi ng an
aeration step. 25. A nethod according to any one of clains 22 to 24 further

including irradiating the solution with ultraviolet light to assist in
cl eaning. 26. A nethod according to any one of clains 11 to 25 wherein

i ndi vi dual J L] |,/ i del Ht . dded ther t
water wh o Har oURASIEReieBRG PRl 22t 2% SBRRDRT G Y &1 809G 8R5r anes. 27

A nmet hod according to any one of clains 11 to 25 wherein individual
transiti oh metal/peroxi de/ H+ conponents are added separately directly to

wat er whi ch surrounds the microfiltration or ultrafiltration menbranes.
25. A method according to any one of claims 22 to 24 further including irradiating the

solution with ultraviolet light to assist in cleaning.

26. A method according to any one of claims 11 to 25 wherein individual transition
10 metal/peroxide/H" components are added together to water which surrounds the

microfiltration or ultrafiltration membranes.

27. A method according to any one of claims 11 to 25 wherein individual transition
metal/peroxide/H" components are added separately directly to water which surrounds

15 the microfiltration or ultrafiltration membranes.

28. A method according to any one of claims 11 to 27 wherein the transition metal is

native to feed water for the microfiltration or ultrafiltration membrane.

20 29. A method according to any one of claims 11 to 28 wherein iron II or iron III are
added to microfiltration or ultrafiltration rnémbrane feed water at an appropriate
concentration to clarify water, the water is allowed to stand and sediment, whereupon
after sédimentation, the clariﬁéd water containing iron II and/or iron III is drawn off,
introduced to a microfiltration or ultrafiltration membrane, tﬁe pH is reduced to about

25 pH4 and peroxide is added, whereupon membrane cleaning occurs.



28. A nethod according to any one of clainms 11 to 27 wherein the transition
netal is native to feed water for the mcrofiltration or ultrafiltration
menbr ane.wd2oo6f1p@i hod accordi ng to any one of clains lkcra28swoersei n iron
[l or iron Ill are added to mcrofiltration or ultrafiltration nmenbrane
feed water at an appropriate concentration to clarify water, the water is
all owed to stand and sedi nent, V\hereupon'zﬁfter sedi nentation, the clarified
wat er containing iron Il and/or iron Ill is drawn off, introduced to a
mcrofiltration or ultrafiltration nenbrane, the pHis reduced to about pH4
and peroxide is added, whereupon nenbrane cl eani ng occurs. 30. A nethod
accordi ng t goanyA piehodfacedrdingBo ddy One2d¥ aMiisdil no 28 @hetdin @on ¥ &flirdnl IlI A& €
added to microfiltration or ultrafiltrati on nmenbrane feed water at an

appropriate aﬁ&él?f%%fc?&ﬂ195?t16rpoxclll€i‘éﬁlfr)(tlc¥i@h%brah@ ?eéﬁ%ﬁér t%ngbhgpggtet o stand

and sedi nent, wher eupon after sedinentation, the clari r containi ng
iron Il and/ ff H4 and
peroxide is aéaéélcf?lH (il%ﬁfysgag%@% g 1??1%@15%1 t|%)SSEa}rl(rcj11t rgéﬁ%‘mgn{j ot
mcrofiltrati.on ar uItraf|

ration rrerrbrane vvhe ane cle
bbeurs 5 aRersRiminait M i uller GEVERe PR ERIoR ifag 1D @r?éwe?

aci dlfled |ron I'l or iron Ill solution in conbination with peroxide is used
to clean a mEhisredised imebositipdé god neroxigle & adslail rndithe raveliant apletiomiss pent
cl eaning solution containing iron Il or iron Il1l is further used in water

filtration. introduced to a microfiltration or ultrafiltration membrane, whereupon membrane

cleaning occurs.

10 31. A method according to any one of claims 11 to 28 wherein an acidified iron II or
iron III solution in combination with peroxide is used to clean a membrane, and
subsequent to cleaning the membrane, a spent cleaning solution containing iron II or iron

III is further used in water filtration.

15 32. A method according to claim 31 wherein the spent cleaning solution containing

iron II or iron III is added to fresh feed water.

33. A method according to claim 31 or 32 wherein the spent cleaning solution
containing iron II or iron Il is used to remove phosphorus.

20
34. A method according to any one of claims 31 to 33 wherein the spent cleaning

solution containing iron II or iron III is used as a flocculent



32. A nethod according to claim3 1 wherein the spent cleaning solution
containing iron Il or iron Ill is added to fresh feed water. 33. A nethod
accor di ngvbeoediapem3 1 or 32 wherein the spent cleani ngpswlAti@nocsnt ai ni ng
iron Il or iron Ill is used to renove phosphorus. 34. A nethod according to
any one of clainms 3 1 to 33 wherein the éﬁent cl eani ng sol uti on contai ning
iron Il or iron Ill is used as a floccul#nt35. A nethod according to any
one of the preceding clains wherein contact tinme between the '

m crofiltratidon Admethodrageordingdo aoyoshel theeraegding xlaims wlereal congacs tinect ed
such that a predeterm ned | evel of cleaning is achieved. 36. A nethod
accordi ng t dethanth@misvhftetion ar pitratRiativmrane thel Is\dedxydfadidabRRERGtel Such
denonstrated by a predeterm ned transnmenbrane pressure drop. 37. A nethod

accor di ng t gh&l-girede3Emih&r 1814l iR cRERASICIRINEY | evel of cleaning is
denonstrated by a predeterm ned hydroxyl radical concentration. 38. A

nmet hod according to any one of clains 1 to 37 conducted in a batchw se
process 39 A nmethod according to any one of clainms 1 to 37 conducted in a

cont i nuou cess _40., A nethaod accqrdi.ng.to any one qf the.preceding

cl ai ns V\:h%l’ 2{ h t‘ﬁépc ogagpqring e F@H’”gﬁ ‘Yhe?er‘%ﬁpﬁdf\éﬁr?’mgrlr‘é‘f‘?i;?%ﬁﬁ%nl%ﬁ§ hol | ow
fibre menbranes are used. 4 1. A nethod according to claim40 wherein
oxygen bubbldsBongiraediby 4 pradetepnined gapfmembrane pressure drop.

37. A method according to claim 35 wherein a predetermined level of cleaning is
demonstrated by a predetermined hydroxyl radical concentration.
10

38. A method according to any one of claims 1 to 37 conducted in a batchwise process

39 A method according to any one of claims 1 to 37 conducted in a continuous
process

15
40. A method according to any one of the preceding claims wherein the microﬁitration

or ultrafiltration membranes are hollow fibre membranes are used.

41. A method according to claim 40 wherein oxygen bubbles formed in the course of
20 the reaction create a flow that draws more liquid in through a wall of a vertical hollow

fibre membrane and pushes water out of the top of the lumen.

42. A method according to any one of the preceding claims wherein oxygen bubbles
act to self agitating a solution containing the hydroxyl radicals and/or break up a filter

25 cake, where present, on the microfiltration or ultrafiltration membrane surface.



the reaction create a flow that draws nore liquid in through a wall of a
vertical hollow fibre nmenbrane and pushes water out of the top of the

| unen. 42woAossaiibedd according to any one of the precedi rgTal@iosoYdFer €i n
oxygen bubbles act to self agitating a solution containing the hydroxyl
radi cal s and/or break up a filter cake, where present, on the
microfiltration or ultrafiltration nmenbra#e surface.43. A nethod accordi ng
to any one of the preceding clains used in a nmenbrane bioreactor. 44. A
met hod according to any one of the preceding clainms which destroys, where
present, trihal onethanes and the Iike. 45. A nethod according to any one of

clains 11 to4¥%4 Mnetiecidaccomieioraal iof@sf it ptéred MGRIRRREEFRINSI thédbran@t al i on
are used. 46. A nethod according to claim45 wherein concentrations of
300- 1200ppm gipA&bLE1 On netal ion are used. 47. A nethod according to any
one of the preceding clains wherein the contact tinme between the micro
filtration or ultrafiltration nmenbrane and the hydroxyl radical is between
0.5-24 hrs. 48. A method according to claim47 mherein the contact tine

bet ween t he filtr or ultrafiltratio n t he hydr oxyl
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48 wherein the peroxide
present, trihalomethanes and the like.

45. A method according to any one of claims 11 to 44 wherein concentrations of 15-
5000ppm transition metal ion are used.
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46. A method according to claim 45 wherein concentrations of 300-1200ppm

transition metal ion are used.

47. A method according to any one of the preceding claims wherein the contact time
15 between the microfiltration or ultrafiltration membrane and the hydroxyl radical is

between 0.5-24 hrs.

48. A method according to claim 47 wherein the contact time between the

microfiltration or ultrafiltration membrane and the hydroxyl radical is between 2-4hrs.
20

49. A method according to any one of claims 6 to 48 wherein the peroxide

concentration is between 100-20000 ppm

50. A method according to claim 49 wherein the peroxide concentration is between

25 400 ppm and 10000ppm



concentration is between 100- 20000 ppm 50. A nethod according to claim49
wherei n the peroxide concentration is between 400 ppm and 1000Qppnbl. A
nmet hod acwondieng249e cl ai m 49 or 50 wherein the peroxi depcoaanisv@iison i s
bet ween 1000-5 OOCppm 52. A nethod according to any one of claim 1l to 51
wherein a ratio of transition netal: H2O2 is between 1:4 and 1:7.5. 53. A
nmet hod according to claimb52 wherein a r#ro of transition metal :H 2Q2 is
between 1:5-1:25. 54. A method according to any one of claim1l to 53
wherein the transition nmetal/peroxide/H + system has a starting
concentration of 0.12wt % FeSO4 at pH2 and a peroxi de concentration of

bet ween 5000{pm A nett@ACRPp@dingSd clahnOton 6 varen tiengréxddaconceeatioh i he
preceding cl ai ns wherein sodi um hydrogen sul phate is used to control pH
56. A net hoobeaggéﬁrlmogobgp@ﬂy one of clainms 1 to 54 wherein citric acid is
used to control pH 57. A nmethod according to any one of clains 1 to 54
wherein pHis controlled by sulfuric acid buffered with NaCH.

5 52. A method according to any one of claim 11 to 51 wherein a ratio of transition

metal:H,0O, is between 1:4 and 1:7.5.

53. A method according to claim 52 wherein a ratio of transition_metal:H202 is
between 1:5-1:25.
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54. A method according to any one of claim 11 to 53 wherein the transition
metal/peroxide/H" system has a starting concentration of 0.12wt% FeSQ, at pH2 and a

peroxide concentration of between 5000ppm and 9000ppm.

15 55. A method according to any one of the preceding claims wherein sodium hydrogen

sulphate is used to control pH.

56. A method according to any one of claims 1 to 54 wherein citric acid is used to
controi pH.

20
57. A method according to any one of claims 1 to 54 wherein pH is controlled by

sulfuric acid buffered with NaOH.



