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-1- CHEM CAL CLEANI NG AGENT AND PROCESS FOR CLEANI NG
FI LTRATI ON MEMBRANES Technical Field 5 The invention
relates to conpositions and processes for cleaning
menbranes, in particular to conpositions and
processes using nonopersul fate conpounds. The
invention will be principally described with reference
to the cleaning of hollow fibre polynmeric
mcrofiltration and ultrafiltrati on nmenbranes,
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E@'ﬁ%@f@ﬁw reverse osnosi s nenbranes),
conpositirons (including inorganic menbranes)
and nmenbrane shapes (including tubular and flat sheet
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t he nodul es in . . .
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 furthér be arranged into
banks of modules. In this way, membrane surface area is maximised for a given volume,
and large water throughi)uts can be achieved by apparatus having a relatively small

“footprint”.

Tn some modes of operation, contaminated feedwater is introduced into the modules in
such 2 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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such a way as to be allowed to contact only the
outside of the hollow fibres. Passage of 25 the water
across the nmenbrane nmay be by way of pressurisation or
suction if necessary. -2- Wen the water passes

t hrough the hollow fibre polyneric nenbranes, it
accunul ates inside the lunmen of the fibre, fromwhere
it can thus be drawn off andpused. The contani nants
remain on the outside of the hollow fibres. 5 As these

&g’%ﬁg ‘?%g‘t %aEPeE rbhShbloth fitRe filythéiec bhbianes] iegcumulates

verall ~perneability of the nenbrane.
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rane at a given pressure is reduced, or
al ternativel i gsMEe needed to
§8§thregr?%/{%ﬂﬁan§r?%ggﬁgﬁhﬁrgggfput is increased. In
either case, the situation is wundesirable, as the
menbrane wi Il soon cease produci ng cl ean water
al toget her, .or w.ll . ke {AE BO&HI( €S
Vi %e FP%tR‘hﬂ’égttlF%[Wal)i%qulﬁzlsgﬁ%%g@%? 3{}é ? edt%lhee membr ane.
For J S feason.the nenbran ak e
P e e e S
renoved fromthe hol]ow fibre by .pgriod ded
SRR A Ve PSP e o Vi B i plopcosre neode
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dp sessain @ g1ven Aepkrang tropghpit i ngieasere Srp‘?agg B Fplontts
the gas and/or the filtrate pushes cqntam nha .
indesveblsrate PORESHS HiSoPh Lo EPPOUER A THLE 2 OB il
can be drawn off and sent, for ex le,.to setflin
R oot DresNEROTHAEHSK AP E F LR O B ePBye, For
other forms of mechanical agitation if desired. These
ohiseeasbmthesnepforangineedsito be ¢leRetkde aerati on, ul trasonic
vi bration and shaking. 20

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
hollow fibre membrane in a dirgction contra to the flow of the water, such that the gas
and/or the filtrate pushes contaminants from the membrane pores into the sp;rounding
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.

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
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However, these nechani cal and backwashi ng net hods are
not conpletely effective in renoving all contam nant
mat erial and over tine their efficacy gradually
decreases as the nenbranes becone foul ed by nmateri al
which is not so readily renoved by these neans.
Because of the nature of the material being filtered,
which is often surface water;3-25 ground water or

mat eri al passing through nenbrane bioreactors and the
| dgkBis afeltendrlY BipBgicd-and/BEBigania irtnp@a eidaksuyshiontatgoolahts of
and/ or organic in nature and usually contain foul ants
Ofn infBardi®Rt@dNi ¢ nature. Chem cal cleaning is usually
necessary to fully renove foul ants from nenbrane pores
5 and surfaces. Because of the presence of nore than
one type of foulant (bio/organic foulants on the one
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chemcal cle

nis “usually required to fully recover
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agen to renmove organic foul ants, and acids or

APl s B AL UARC Cal PSP AR e clean i

s to conp exanpl e, polyneric
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where present, can be renoved by the use of caustic

solutions and surfactants. Chlorine is the nost w dely

used cl eaning agent however it is undesir bleffqr .
For example, polymeric microfiltration and ultrafiltration membranes fou. ed 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.

Chloﬁne is 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 carcinogenic 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.
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wi despread use as a water treatnent chem cal. Chlorine
dosing in water treatnent 20 systens is a known cause

of carcinogenic chlorinated organi c by-products. These
are hazardous and can create environnental disposa
problens. Chlorine gas itself, as well as having an
unpl easant odour, is also a health hazard to those in
the area. -4- The use of hydedsgen peroxi de can avoid

i ssues related to hazardous and environnental ly

UTIROME Of BftlréPch pabgide biir oallissiesreldwd to hazagteme aad dnyirbeaentally
efficient” as a cleaning chemical than chlorine. 5
Q:2B6nd hicindld By-Bidieat, ibueisPemailiygssagfint b rcleamiigorhemiral
or hydrogen peroxide, and al so avoids many of the

S (efvironmental issues surrounding the use of
cﬁ%%%%he. However menbranes such as PVAF that resist
oxi dation by chlorine or peroxide are susceptible to
degradation by ozone, as it is the nore powerful

Oy 1ninf 2061 thah AAIRREH: HARGei Per6ki@@And also
néﬁ%%g%%gﬁggﬁgg&%?ﬂe eg?gctive, It 1s still p%Iesirable
to provide It YurfdEao TR e SIS
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of, the prior art 1hr; : | §¥ GadhRbr Shekiad
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prior art i.s wdely known or. I fapmon
gé‘i?@?%%{el?ﬂ SW%%S%‘I ]i)!yno%oﬂ% o tidp g‘% “ﬁw F‘g{’% Eeg)ggj ect of

the present invention to overcone or aneliorate at

| east one of the above nentioned di sadvant ages of the

rior art. 20 . N
pFenton’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.



Description of the Invention According to a first
aspect the invention provides a nethod of cleaning a
menbrane conprising contacting the nenbrane with a
sol uti on conprising nonopersul fate anions. _5
Preferably the cleaning takes place at a pH opti nal
for cleaning the nenbrane, wherein the pHis

~controlled by way of a buffess- Unless the context
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clearly requires otherw se, throughput th? description
PYretaBE the Abdffing talespliGe HQI 15 optERAIFSH cining tieamgmbrane)gherein
and the like are to be construed in an inclusive sense
qﬁegggpéﬁﬁkﬂéagyhd§@;g%§ﬁM§ or exhaustive sense; that

is to say, In the'sense of "including, but not

limted to". In preferred enbodi nents, the invention
provides a nmethod for cleaning a mcrofiltration 10

R ds it AL dnkdk agérgrrkeﬂ[ireg anehikd, HabhduBEBEeARion and the claims,
conprising contacting the menbrane with a solution

GRIRLL S0 0 h At St 2RfbAn @Rl in #6586 Rsense
ﬁ&% " %%9#%?:Q§ﬁ§ﬁ%&gf%%g aggﬁ?, a catalyst, a ' .
conbi nation of - a. buffer : ' 34 Bflsensd of “including,
éﬁﬁ@?ﬁ?@?%ﬁI%PhngBf%g?ugﬁ'S%“%&@%ﬁéggg%a conbination &
f a chel atihg agent and a catalyst and a conbination
3%“3“@@?#%#?-a chel ati ng agent and a catalyst. 15 In

one preferred enbodi nent, the invention provides a

met hod for cleaning a mcrofiltration or

ultrafiltration nengbrane.conpr.i,sin he.step.of . .
B EE S AP ARSI HOSL TR On o SR it iprofiliration
nonoper sul fate ani ons and_ a buffer. 20 Any b fferb i
e TgRipcs TEBHHIFPR FIEOFRE SPPT g @ateing e membrane with a
stability of the nonopersul fate

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 chelating agent and a catalyst

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

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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precursor salts. A chelating agent or catal yst may

al so be added. -6- In an alternative preferred

enbodi ment, the invention provides a nmethod for

cleaning a mcrofiltration or ultrafiltration

menbrane conprising the step of contacting said

menbrane with sol ution conprising nonopersul fate

ani ons and a chel ating agent.¢-5 A buffer or catal yst

may al so be added. In an alternative preferred

qﬁgﬂ ditdRdtive phdi&ird dRARREIRAL, RieQMiedfon profiied1Othethod for cleaning a
clea

ning a mcrofiltration or ultrafiltration

Wm%oﬁ %Fﬁﬂaﬁfﬁh@tﬂoﬂ REMBBPcAHprERRUBE §tbi6F cditaéling said
nenbrane with solution conprising nonopersul fate v
ani_on isi AorRiufrete affons il aAdhbiREncApend
n%%n(g%f?%%p%%&é%tg?oﬁhgﬁégﬂot rnative plrlef erred
enbodi ment, the invention provides a nmethod for
cleaning a mcrofiltration or ultrafiltration

rane c risi t ep of contacting said 15
gggg'ff%fr?éc * 0] %%bg%ﬁ%%fﬁpri si ng nonopersul f ate
ani ons, a chelating agent, a buffer and a catal yst.
The nonopersul fate nay be present alone or as a

] Xt { t.s H2S HSO - :
b i PR G R SE s bP Ry P oot e
th t ' ] di 20 Lt. ]
Fistaliiiipnas o8 GroR RmbERe GrpREs LR Rl
invention will also be described with ref éegﬁe to the

usembrenevith selpticey comprisipe mopapsrsilfpte aniony Be,

Oxone(r), a proprietary Du Pont product which contains
a .

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
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,S0s, HSOs,
SOs> . Monopersulfate is supplied preferably as salts, such as the potassium or sodium

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

monopersulfate, potassium hydrogen sulfate and potassium sulfate. However, it would
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nonopersul fate salt, a hydrogensulfate salt and a
sulfate salt, in particular, potassium 25
nonoper sul fate, potassi um hydrogen sul fate and

pot assi um sul fate. However, it would -7- be

appreci ated again by those skilled in the art that any
sui tabl e solution of nonopersulfate can be used. The
active ingredient in Oxone(r)7-is KHSO5. Structurally,

t he hydrogen nonopersulfate 5 ion is represented as

0 dpBMeiate@agald by tHesSsI ih the o thdtAnp alitable Salution of
Oxone(r) exists as atriple salt of fornmula

%ﬁg@?@rsfﬁk%n}g%%@djhe conmer ci al Oxone bl end incl udes
whi ch can act as a buffer. 1o Wthout wi shing to
be bound by theory, it is believed that the oxone, in
particular the active nonopersulfate, acts to renove
t 'Pfe a%{i?&pgx%digﬁ)tqh PoReBRE R Gubdblafy, tld1gydedteh @fonopessulfate
presen mai ntal n opti numpH and may assist in
remving. i ner i c.Joulants. The chel ating agent,
\Aﬁglrlserelﬁlgse%{eégta??oﬁ]ﬂggvﬁ‘esponsi ble for the rermgal gof
inorganic foul ants. The catglyst, where present, acts
to speed up the reaction andiishorten the cleaning tine
15 required. The concent r &Tdm@PHOxone(r) is from
0.01 wt%to |l OM% preferabhy 0. 1 wto/o to 10wt %

In solid form, Oxone® exists as a friple salt of formula 2KHS05.KHS0,4.K;S04. The

commercial Oxone blend includes KHSO4 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 biofoulants. 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

5wt%, preferably 0.1%-3wt%.
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and nore preferably 0.5wt % - 5wt % based on the anount
of Oxone salts dissolved in water. 20 The chel ati ng
agent is preferably citric acid. O her chelating
agents, such as oxalic acid and EDTA can al so be
used. The concentration of chelating agent is from
0.Imt%to 5wm% preferably 0.1% 3w % -8- The

catal yst can be present in orgler to facilitate the
reaction rate. Preferred catalysts include netal
ions, such as Fee+, Cue+, N e+, Co2+ etc. If used, a
catalyst is preferably present in an anmount of from

OTQQJM(& bsh 1 phestht% ofRF © MRERIARS BOIe)ctRn 0R4.VPifered Gatilsts

w % Tn another aspect, the invention provides a
PIRARS ShefafonS, |s§éhrﬁs Fg2racE N BTe? dic. e askd, 4 el pRfs preferably

conpr|5|ng con acting said menbrane with a sol ution

g t JFRRAPE Ot o%% PRI ISord Prrelibly 000 BR% to 0.01
ect rom a buf er, a chelating agent, a

c%kplyst a conbination of a buffer and a chel ating

agent, a conmbination of a buffer and a catalyst, a

conbi nation of a chelating agent and a catalyst and a

combi nation of a buffer, a chelating agent and a

Ih | 56590 n
Cﬁgé‘u ﬁfetkﬁ@ﬁrﬁﬁgﬁﬁlgg’ ‘*wﬁtp%??v” T Pl e a8 aged
t | ut des
ohereof ol ar ttee® portraft SRR KA Tpplng

enbodj nent s, e solutl n can be injected to the
filt rﬁﬂ@ngped@’jgﬁ apyegs an do

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

Z:helating 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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backwash node, or during repeated cycles of backwash

and soaking. 20 The process can be conducted at a
tenperature of 1 Cto 50C. A preferable tenperature

is from5C to 40C, nost preferably from 10C to 40C. An

el evated tenperature accelerates the reaction rate.

The cleaning tinme can be from 10 mnutes to 24 hr. The
nost preferable cleaning tin®d-is 25 fromhalf an hour

to 10 hours depending on the tenperature of the

S@thé! til0Becrehiewith BdfeasiS tetnpamatuns bf theledutivas & the tlhaning is carried
i ncreasing tenperature of the solution. If the

iRt Ftotich Baskides, ietsh badkiuldeltrbghomack P00 seandspmate preferably
backpul se can be from1 to 300 seconds, nore

Pi&HE 18R sechi®®m 5 to 120 seconds. 5 The pH preferably
ranges froml1l to 9, nore preferably 1 to 6 and i s nost
preferably from 1.5 to 3. The invention is described
with reference to porous polyneric ultrafiltration or

) 1 LERRE 2085 mAIOPRYGEbly i ko 8rd is Bfost preferably
”Tﬁé@ﬁkg%%%&#&&§ I't can be usgﬁson %ther to cl asses

es such as nanofiltration nmenbranes, gas

£?¥%n$%gﬂ menbranes or reverse 0sSnoDSI S nenbranes or
menbranes with much larger pore sizes. It wll al so be

a’@ffé ﬁl%rﬂfoﬁg% ddidHibell mgéeieﬁcé@ HRfoRE BSlymEfk ule¥@leRRlieh or

ceéram c nenbr anes, cl eaned MAth t he

Tﬁn”&%Sﬁl’uIaﬁ eﬁﬁqngeﬂd%&é@& Afwill BE aflir&3 R thhi Y @Mltbe@Bed debother

m Cro fration or uftrafiltrati on nmenbrane can be

mﬁlgfese% (rlfolﬂétgﬂ%ne% %%1& aalg L Sndh gﬁh'n?é?nbrﬁr@§ 03¢ AffatifRmeMmbAhes or

I'ng n1te to homopol yners, copol yners,

afqvglgf Xf:ﬁ%msfra?r‘gg cs or %ﬁ?ﬂraﬂgg Wit 3dcH ﬁ%ger bR AREYIt WHill also be

or parti al al ogenat ed

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 ultrafiliration membranes are those
made from polyvinylidene fluoride, i.e. PVAF, or blends of chlorotrifluoroethylene with

ethylene, i.e. ECTFE (Halar) and polysulfones.
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nmononers including vinyl fluoride, vinyl chloride,

vi nyl i dene fluoride, vinylidene chloride,

hexaf | uor opr opyl ene, chlorotrifl uoroethyl ene, and
tetrafluroethylene. 20 Particularly preferred bl ends

for mcrofiltration or ultrafiltration nmenbranes are
those made from pol yvinylidene fluoride, i.e. PVdF,

or bl ends of chlorotrifl uorodihyl ene with ethylene,

i.e. ECTFE (Hal ar) and pol ysul fones. -10- The

C PR adritdeifl 6ff thé BRmMBRRAD fvéth nodbpdisulfataibeniigsblatien may occur alone
cl eaning solution may occur alone or in conbination

Woi 1 cBRYIn@ERERiE kiBadthd @letiihil bol@HbnQdr nediddo th valietyaufinethods are
of nmethods are possible. 5 For exanple, the nenbrane
ngxmﬁﬁisoaked with the nonopersul fate cleaning

solution or have the nonopersul fate cl eaning sol ution
filtered or recirculated through the nenbrane. The

cl eani ng process may involve an aeration step, or a

S %Sxﬁe%xg{ngfer e gieﬁ{&ﬁg é}ilaé/h)% sl Wi@ @hé"fn&ﬁbp'éisﬁﬁ'ﬁé’ t18dr@g solution or

assi st aning. Further, the cleaning

S %%%tth Jg?%suﬂgtf cﬁ&ﬁﬂ%go%ju ﬂffg@fedlb? ?ecirf:ul%(fl frGigh e Y

I'Ve. eani n s of the present

:%&%A&agﬁégm D KBl P b

N
be fil d. 1

I onsrbﬁé%/cf’ @ai%rleée @5‘5%88%%? § 1g?r’hteopr :selnt t ie:n?ent i gn

may be used to take advantage of

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 fora
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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exi sting iron species which are present in the
filtration water. The nonopersul fate cl eaning sol ution
system of the present invention nay be passed 20

t hrough the nenbrane just once, or allowed to contact
the nenbrane by standing for a tinme, or by repeated
backwash-resting cycles, or recirculated through the
menbrane or nenbrane systempi-The contact tine is
preferably selected such that a predeterm ned |evel

of cleaning is achieved, as denonstrated by nmenbrane
perneability. 25 If used, the catal yst nay be

F oY St ﬁlﬁ@ﬁ%ﬁﬂfﬁe& L PRE FRESH btutBEb watdrlireatthét, ground water

invention may be applied to the filtration of surface

VBl GF el T BRI, wSRARG s WRbfdary & 18 ARMIuent and membrane

desal rmation, treatnent of secondary or tertiary

e@flqug and nmenbrane bioreactors. 5 The cl eaning
101reaClors, . . .

system of the present invention can be used in

exi sting systens and treatnent process to inprove

quality of feed, filtrate or the performance of the

fj { crl%r]lt 1%%%@3?1% ﬁ% gﬂseééelgérg %lnfgirltiée’is call BE HSed.tiH @xi%&asgst%ya&e

, I'n"a conti nuous rocess,
for instance, where th opes.sul f ean] :
SRS AR Lo PR BTG Ao Tedl A E iy ofthe flration
at the, rane is asured,, pH i justed a .
BRERE S R R O dBl B e e g B spingous
predeterm ned concentration nopersyl fate at .the
NBIRBISERr Instance.CYiaessthe gl‘f?@?%@ét%?%mﬂg rs?]?l m,&mﬁaﬁm
suitable for cleaning in place (CP .dcations., 15
Mrespestigtely ppsitepg ot ah%t%aﬁr PFIRPIARG Pﬁ%ﬁzﬁe‘ﬁgﬁ]m aﬁg e‘f Pat ed
wi th the nonopersul fate cl eaning ) )

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 ultrafiliration 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 orgénic 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.
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system of the present invention show inproved recovery
fromfouling of nmenbranes wused for water filtration.
A dual clean is required in sone CIP regines. This

i nvol ves both an acid clean (which 20 may be an
inorganic acid or, nore usually an organic acid such
as citric acid) to renove inorganic foulants and a
chlorine clean to renove orgdpi c foul ants. The use of
the nonopersul fate cl eaning system of the present

| PYEE AR 2BAR ahd'Bie ARUAAE BB eseribed ifl iiginveraion afypattiduthrly
and an oxidative clean 1n a single process. -12- The

C{%s%ﬁﬁ] k&%@%ﬁﬁ&ati@ﬁ@wﬁé?@ﬂﬁ'u@@@ﬁ dMriRE RGegScteEscri bed in
thi's 1 nven

on are particularly wuseful for the
appl i cations where the use of chlorine is restricted.
Conparative Exanple 1. 5 A nodule in a nenbrane

bj I Il owed to becone foul ed by the norma
f¢§@§£%¢&ﬂ%%?%§gfer. The perneability fell to 62

LM/ bar. In accordance with normal processes, the
menbrane nodul e was treated with 2%citric acid and

BB TE e 1 G 5 Dome o4 e ot
X il i
CISTBLE, & iR VB e G
sl SRS i A o g s

oxone for 24 hours, whjich raised the, per LLi to
to 180 LMH/bar. A second Cl, clean raised the permeabﬁ)lty trgPﬁB L ar,

Inventive Example 1.

The same module in a membrane bioreactor was again allowed to become fouled by the
normal flow of wastewater. The permeability fell to 84 LMH/bar. It was then soaked
with a 2wi% 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
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.
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251LMH/ bar, an increase of close to 200% The nethod
of the present invention thus achieved a significantly
better result using a far 20 sinpler one step
procedure than that known in the prior art. The
process was conducted at roomtenperature. Oxone is
al so cost efficient and is safe for operators to use.
Because of its inherent safaBy, it is also easy to
handl e and can be used in existing systens w thout

“‘ﬁ&é‘ Eh#@bbAked fs%%est Themers i cmRisaniikRomsdggies prafestes of
er

e are no e cts on the nechanical properties of

5 . Conparative Exanple 2 5 A nenbrane nodul e
qﬁ%gl%? PVDF fibres was operated in a nenbrane

bi oreactor to filter mxed |iquor. After three nonths
fiItration t he menbrane nodul e perneability ~declined

t ar l%ﬂfn flue to fouling. A standard dual chem cal
é%% I'n p ?%I was perfornmed with citric acid
rrgl l ovgad brﬁ%c?ug rﬁr(%er})?PVBi" forkEwmil og)glq% dd'n b BRBRIER bRRGCtor to

fecovering out 130 LM bar.

1@%3%2%@%@& RS Gyl et
| d 733&4% @F&%t WitE. oﬂggm Altcﬁ el ’{}ﬁgacev\églp)
Sﬁwﬁi yif s d Gl fowed B G uf%s g A% PR orane

module permeability recovering to about 130 LMH/bar.

Inventive Example 2

The same module then continued to be oper-ated 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

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.

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.



Not only did the nodule perneability recovered to an
inproved |l evel relative to the previous dual C P, but
the nenbrane fouling rate in the following filtration
was al so reduced. 20 After four nonths operation, a
further clean with Oxone solution was carried out to
confirmthe cleaning efficacy. The perneability of the
nmodul e was lifted from 150 t-Q4- above 200 LM bar
confirmng the effective cleaning with Oxone. -14-
Fwigweq show @S viie p @Mty tRAd ARARE tdcbyery bfadh eleah inffxample

overy of each cFean in Exanple 2. -15- THE CLAI M5

FI'NI NG THE | NVENTI ON ARE AS FOLLOWS: 1. A nethod of
cl'eani ng a nenbrane conprising contacting the nenbrane
with an aqueous solution conprising a nonopersulfate
anion, and a buffer, wherein the pH range of said
aqueous solution is froml1l.5 to 3. 2. A nethod
according to claim1 wherein the nmenbrane is a porous
polymeric wultrafiltration or mcrofiltration
menbranes. 3. A nethod according to claim2 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 nmononers. 5. A nethod according to claim4 wherein
the menbrane is made from a nonomer or



m xture of nononers including vinyl fluoride, vinyl
chloride, vinylidene fluoride, vinylidene chloride,
hexaf | uor opropyl ene, chlorotrifl uoroethyl ene or
tetrafluroethylene. 6. A nethod according to claim5
wherein the nmenbrane is made from polyvinylidene
fluoride (PVdF). 7. A method according to claim5
wherein the nenbrane is nmade froma bl end of
chlorotrifluoroethyl ene Witk _ebhyl ene (Halar). 8. A
nmet hod according to claim5 wherein the nenbrane is

THREEATVIODEFINONGIHE DNWENTEON ARBARFOLAELWEHi ng t o
claim1 wherein the nmenbrane i s an inorgani c nenbrane.

10. A nethod according to claim?9 '
1. Asnatharbefaagingberabrane comrisjﬁgggptﬁgthaaeg;tﬁé E]F%y%%ggﬁvgi‘ﬁra%”e

clai m,1.conprisj i : A aae whkdehh tAopH
2qURYR %gtl%loﬁr%ﬂr%iﬁ&%on?rp&ﬁ)és]égﬁgﬁgaﬁo&ﬁgggr suflif ate ani onl,3 a
rarpéfof edid aqeboanschgizntis freelcd wB. from a chel ating agent,

a catalyst, or a conbination of a chelating agent and

a catalyst. -16-_12. ' i m.
> Sreabebiehiisioritashaloh GRS kR B
ult%f%@g#éor%&mﬁpﬁhgaﬁeﬂ niclifdraegp of contacting said

_ sol ution conprising a nonopersul fate
anion, a buffer and a chelating agent. 14. A ngetho

3. AGBEhod Agotdingloaiaim D3whvirein dhemembraphis|anepHgISHEMeRpganc.
citric acid. 15. A nethod according to claim 13

wh inth hel at,i ' ' '
s Aemribet scseles g Sy artnnias SrEPark Sofiedo SR
pagtgaﬁl_gthaio%em%oﬂoznerér metbRbfatmefdisng to claim 11

risirng the step of contacting said nenbrane wth

sol ution conprising nonopersul fate anions,_ a buffer
5.aNmethod at@kdisg 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).

7. A method according to claim 5 wherein the membrane is made from a blend of

chlorotrifluoroethylene with ethylene (Halar).

8. A method according to claim 5 wherein the membrane is made from a polysulfone.
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, a buffer and an agent selected

from: a chelating agent, a catalyst, or a combination of a chelating agent and a catalyst.



18. A nmethod according to claim217 wherein the
catalyst is a netal ion. 19. A nethod according to
claim 18 wherein the catalyst is selected from Fez+,
Cue+, N z+, Coe+. 20. A nethod according to claim 18
wherein the netal ion is conprised in a cleaning
solution. 21. A nethod according to claim 18 wherein
the netal ion is present in feedwater to be filtered.
22. A nmethod according to_gpy ene of the preceding

cl ai nrs wherein the nonoperSulfate is present alone or

1298 nietHoidskedr@ingfto claimp O emein RS fer HISASO,”. SC6 2 23. A
nmet hod according to claim22 wherein the
nonopersul fate is in the formof a ot assi um

13 obaethdgasardinga0 claim! ROTPHIRREFRE of PARINB IS BEmPFEe
pre . ' :

wiflePHoR ot R AT ISR NG TR DB ol Biolan deper
-17- 25. A nmethod according to claim24 wherein the

141"R Aeaeydedt draing to Slajat 0¥ Wle@inttiie ahdlatinglagentsaditricalcid.
formul a 2KHSOb. KHSO4. K2SO4. 26. A net hod according to
any one of the preceding clains wherein the sol ution

15 oA msithosh aseording ép elei L hereipying ghelatingragentiinexplig apide g

side of the nenbrane and the nenbrane is allowed to

st an nd sqQak .in. th LUt | : t; ccordi ng
6 B D 3 M AP sndingh PR
nmonopersul fate solution is injected to the filtrate

17SA Geetiydl REortifhgdo BRI 8B6mpasiky\@s Biep of contacting said membrane
with solution comprising monopersulfate anions, a buffer and a catalyst.

18. A method according to claim 17 wherein the catalyst is a metal ion.

19. A method according to claim 18 wherein the catalyst is selected from FeZ*, Cu2+,

Ni?*, Co?*.

20. A method according to claim 18 wherein the metal ion is comprised in a cleaning

solution.

21. A method according to claim 18 wherein the metal ion is present in feedwater to be

filtered.

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

is present alone or as a mixture of components H>SOs, HSOs", SOs 2

23. A method according to claim 22 wherein the monopersulfate is in the form of a

potassium or sodium salt.

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

further includes a hydrogensulfate salt and a sulfate salt.



28. A nmethod according to any one of the preceding
claims wherein the nonopersulfate cleaning solution
is filtered through the nmenbrane, recircul ated through
the menbrane or allowed to stand in contact with the
menbrane. 29. A nethod according to any one of the
preceding clains further including, prior to,
concurrently with or after nonopersul fate cleaning, an
aeration step, or a step ofs_ipradiating with
ultraviolet light. 30. A nethod according to any one

25K nichRdReezeE) fyclaineRwhebirta mohdyerslfetns pyvidsd by a triple
conducted for a predetermned time such that a

salpofdamndn KRS +3Q4t eaning is achieved, as

dennnztrated by nmenbrane perneability. 31. A nethod

accor.al tQ. i i ied
26 R BB aB et eedRiREHAREN AR e SO
comprising monopersulfate anions is fed into a feed side of the membrane and the

membrane is allowed to stand and soak in the solution.

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

solution is injected to the filtrate side prior to a membrane backwash.

28. 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.

29. A method according 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.

30. 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.

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

process, or in a continuous process.



