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WD 2008/ 006173 PCT/ AU2007/ 000979 -1 | MPROVED

MONOPERSULFATE TREATMENT OF MEMBRANES 5 FIELD OF THE
WO DMBMBIAICN The i nvention relates to a post-treRtTaOR007/000979

process to treat hydrophobic/hydrophilic polyner

bl end nmenbranes to control the water perneability

thereof, and to treated menbr anes prepared by the

nmet hod. The process is also suitable for cleaning

polymeric 10 nenbranes BACKGROUND ART The fol | owi ng

di IMPROVED MONORERSULFATH TREN EMENT OIivVERVIBR ANES

the state of the common gener al know edge. 15

Synt hetic pol yneric nmenbranes are known in the field
FIRLDYOF A INAEN®RONUF) and mcrofiltration (MF) for
Tavariety ol water tiltration applications. The

pr operties of the menbranes depend upon the physical

t nb i.e. th t . -

BB io R O ST BT weal et S5 GO Ty oo Bhuiadrophitc
poE@delr' bR mdrraRey t¥ BBhtrdtHe Wﬁfef—" péreabiieftHefeof mitd Aeated
menbrane. 20 Particularly inportant is the hydrophilic

megrbrived Pogiao by thamsteod The peocaisnd ﬁbﬁéultahlﬁ/ﬁqr@mmgdoolymenc
eﬁfm es are defined as "water hating"” while
dr ophilic surfaces are defined as "water |oving".
is well recognized that the hydrophilic nenbranes

generally suffer less adsorptive fouling than
WMr anes. However, hydrophobic menbranes
pis! (Jv?li g fdfs@ﬁﬁsﬁﬁlt i %F)t fo @ogﬁhedtag Gh g@llms?ﬂ)ﬂ of the state of the
t he

b| ol ogl ca tab evel opnent
comtﬂcmr@hemhkmﬂbdmes t here has been a Iong feIt need

|nethelow-fouI|n r oper hi
po|8yﬂfgb UC pRlyRetif gembippqs a?@%ﬂﬁ%ﬁ%ﬁ felﬂ%%r 15;%%&&) and
milREIBRRLQRAN thPa PEERFLE %te?ﬁ[t%%n ?bﬁ’dﬁﬁ()hé: ﬂ?er‘it%ﬁé}ﬁés of the
that possess the desirable properties of both

mdmghj arozp idlepmﬂ wod thy phmab biopertiesrbf ﬁnenemlaeneaee thessymphetry or

I
sy R RS ARG R P R 5?%{6%1% bt 5t B P Bl bnd

mgft&[a]hgéa&blmnmédﬁ@jﬁbﬁﬁbcl hydr Ophl lic blend rrerrbr anes
for increasing water perneability have been detail ed,

sunrtigslaglyempeeantie the kyronbeioqrdHearbobic aasys pighy meyirane.

DY REALLARRS (RIDLANE e AalrSUl LPRRMP Uit o Bic surtaces are

defined as “water loving”.

It is well recognized that the hydrophilic membranes generally suffer less
adsorptive fouling than hydrophobic membranes. However, hydrophobic membranes
usually offer better chemical, thermal end biological stability. In the development of
water filtration membranes, there has been a long felt need to combine the low;fouling
properties of hydrophilic polymers with the stability of hydrophobic polymers.

One approach to preparing porous polymeric membranes that possess the desirable
properties of both hydrophilic and hydrophobic membranes has been simply to make
various membranes from various blends of hydrophobic/hydrophilic polymers.

Previous processes for treating hydrophobic/hydrophilic blend membranes for
increasing water permeability have been detailed, such as the treatment of

poly(ethersulfone)/polyvinyl pyrrolidone membranes, polysulfone)/polyvinyl
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-2 pyrrolidone nmenbranes and pol yvinylidene fluoride
bl end nmenbranes with Cl2 as disclosed in US

WG 2®9800618%, for exanple. The present appl i cantPEEAUA103/000979
previously explored the use of other oxidative
speci es, such as Fenton's agent, a source of hydroxyl
radicals, in an attenpt to ¥#ncrease 5 water

pyrmdidoeabrichibranes ind polyvmiybdéns/ fhipride plend inecoafesanesarisls Clo as
. Howeve mains i n the art the need for a
dls@?%lg%éggégg{’gortmp_ frenbranes to increase the
Vel RS pe @ BERichht Bas alsb prévibuPPELRGYed tHalse iy 6kidative
treatnent does not dimnish the nechanical or other

specigaraucais Penipres agens, afourdseo hydoxhadicpls, insangttegpt to increase
I mportant. that th » t effective as
wats P BeisA oA he b ORARRLI QB BReBEE 10 Lcc' of
POHeWSvarOih¢ R Eingind e tHeaiiethe nBedfak afsidhple praessom, trdat membranes
highly desirable if the. treatnment does hot introduce

to ipgrsassgbe BitopperEREPHILY-y [tiHImROTGRt BALANYSHAR HeAmept does not

B i i | . o i toe: i S
s i1 hon RS for Bl FRBOHEN ST IR o e
imﬂd‘rthatnh&lgpﬂl@ ;mesmt bens cdst effi¢dtivg asrpodsitda eSurtiam, diverethe extensive
ot her benefits, for ex le, 1Ln the.cleaning of,. .
userRESF R POTYIIOFS TR IR BTROKRTAL AT GH. s BLEL flysiigble if the
trecﬁl)ﬁl‘zgﬁf:& es ﬁp@in{reaﬁ&tth@ﬂseo(gf?)\é'téilﬁﬁllyatd% HAGvabnmentally unfriendly

ydr op sing a polyner conprising the step of
specien tigto rimgmisranelerpotopment.wi t h a sour ce of

nmopapersul fate . (contacting the pol r. W, HSO05) _and

o Hab e biedfy esisp R g oS5 Br oL GBI oo tpes 1o
tred¥leEm&RBahEd GalHaVe ofhBEbEMRYR) FdreRaRbRYindBs cRan®p b@ehedibranes.

i nproving the water perneability of a porous

pol yneri c nmenbrane conprising the step of contacting
D i ﬁus pol ynmeric menbrane with a source of

fate (contacting the porous polyneric

e pREa RS blfirkiSGheck, tho thvantied prdeideon nfethddesfdgtiraphilibing a

pol ymer hydrophilic, In another aspect, the invention
poliymey corepriging iersinp affcortaging tid Rolymieh With §ooyres of onpgersulfate

(cogga%p%g@% ,Pé’%@%ﬁgﬂﬁ PRRY fan? QMREdSol %o tdAGerSthe %p%neg hydrophilic.

por oud’pol yieric  nenbrane
o) lMdre spﬁciﬁnatr}%pthe smlehtdepioviies actdting ¢flimppaviogithe water
po ri ¢ menbrane with HS05-) and.a haljde.ion. The .
verfBiAne! FRYOBLPPISIEE MG HAYT sitieds slep Of i spid
pordak ﬁa@fgmﬁ?ic%&ﬂmfn@%ﬁh ARotRELE ﬁfongﬁ@ﬁtﬁfaﬁg @Bﬁfa@ﬁﬁ%’ hegorous
cé o I al i de a

t
Sour | monopersulfate, a hal ion and buffer or .
polyaseicananbiafe wikdIS @)l apdiadwlido s tarendgasaid palyater jydrophilic.
Pr ?r]; eetrgortﬁedr aggec%, tgﬁ‘e 1}}1%|er|1tgoen Il)rgxr)l%'es é/_\n n%éth%ldfoff %fealq{ngbaapso?ous polymeric

membrane in need thereof comprising the step of contacting said porous polymeric

membrane with a source of monopersulfate (contacting the porous polymeric membrane
with HSOs") and a halide ion. The membrane may be fouled with organic matter,
inorganic matter or a combinatioﬁ thereof. _

More preferably, a source of monopersulfate, a halide ion and a buffer or base are
used. Chloride ions are particularly preferred as the halide ions. Any buffer or base
which can maintain pH above about 7 is suitable. For example, hydroxide may be used,
and carbonates and bicarbonates are preferred examples of buffers. One particularly

preferred embodiment of the method involves contacting the membrane with an aqueous
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whi ch can mai ntain pH above about 7 is suitable. For

exanpl e, hydroxi de nay be used, and carbonates and
wher@ananat es are preferred exanpl es of bufferBCT/®2007/000979

particularly preferred enbodi nent of the nethod

I nvol ves contacting the nmenbrane with an aqueous WO

2008/ 006173 PCT/ AU2007/ 000979 -3 sol ution of oxone (a
solpéorsafl dxane (sparswétewrucde Whish hawthe demuila2KHSOs. KHS04.K2504)

KH% 2ﬁ§§59§9¥ﬁ§£§% éodkyn1chloride and sodi um
SOGIYIE £MOG1 S 2B @™ appl i cant's have discl osed the
us¢hOpreBTH ApFlicantsiatle dRLIRER] the ubd EahbMeersiEBRfIR SN tiRating
increase their perneability and or clean them

megbranek & ingfopse theirpamasbdity asd puelpen thame Syyprisirglngt has been
hal j i QRs. .such. | or | .y a_adr i.¢ Lner [
o S 500 R MR Ry
effiine} of it paeceksiistdbesrved) hatistechnihe foalierahtied bedwiytdfale
of a base or _ buffer. Preferably the porous polyneric
addiipmebmbase9r uliPerof i I tration or ultrafiltration

e By S L Rl BOLYER R o
mempda@phi | i ¢ pol ymer. Suitabl e hydrophobi c pol ynmers

B G SN L MR
hyylaghéﬁig d&fﬁfimgmgggf, & the polyners are

or opol yne u as polyvinylidene fluoride 15
( PSdiblahydrepatibic ppymyrseanslundé fluenapellymersy aclysdione-like

referred di ... t.-he hyd bi. I
polgiegs G FUREEPHEL OIS PoerRet e At FERkS ¢
POhYRE PRESHIIY Qﬁhepol?ﬁigrs BOTNROEEY et fueh8s pdlseheli@dlkYluoride
i n the hydrophobi c/ hydrophilic polyner blend, the

(PYiglramd AV ditcopolysedty.ner s are pol yvi nyl pyrrolidone

PVP d PVP |- .
bty RoreRt =gk B FEPS O U DRGS0 R ep Rhens
poBelorAikd gigyrhéds8uciMasiolysutfehes pablehetduefohy,dinaphi | i c

gplyners are wat er-sol ubl e pol yvinyl pyrrolidone (PVP)
polyphenypsufospol yners. The porous pol ymeric nenbranes

ar . . i
andr DS R SRRRRG G, SChIRT Y ELapAR ©
pohaleysiae/polsdimyd piytrolidoredPYirg end AVP h:epqﬂgin.pms polyktbpldne glycol

(PEE}I) Sélyétﬁyféﬁgg{d g’e po %?gﬁra?golhgﬂ pg ygcrk})/ ic :eli((:)ld]én& gc)heolikse:. ]Most

preferably the hydrophilic polymers are water-soluble polyvinyl pyrrolidone (PVP) and

PVP copolymers.

The porous polymeric membranes are preferably prepared from blends of
hydrophobic and hydrophilic polymers. The ratio of hydrophobic polymer/hydrophilic
polymer in the polymer blend prior to membrane preparation can be 10:1 to 0.5:1.
Preferably, the ratio is" 5:1to 0.5:1, and even more preferably the ratio is 3:1 to 0.5:1.
The ratio will usually be much greater in the final polymer, because the amount of
hydrophilic polymer actually retained is less than the amount of hydrophobic polymer.
If the membrane is hydrophilic, then some hydrophilic polymer has been retained.
Usually, a higher starting proportion of hydrophilic polymer in the polymer blend will
result in a higher level of incorporation in the final polymer.

Where hydrophobic/hydrophilic membranes, are discussed in the specification, it

is to be understood that the hydrophilic polymer or copolymer is present in an amount
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Preferably, the ratiois 5:1 to 0.5:1, and even nore

preferably the ratiois 3:1 to 0.5:1. The ratio wll
waigwabber7he much greater in the final polyner, POEAEADZ000979

the amount of hydrophilic polynmer actually retained

is less than the anmobunt of hydrophobic polynmer. 30 If

the menbrane is hydrophili c,4t hen sone hydr ophi lic
suffistignide innpast Insleophilicityi todle meivduane] For exdmplber PEIRPVPmrous

ol PR PR 3P bt Sn Bt Blob e b PRYAR a e Che
mdmhb@he.pol ymer. Where hydr ophobi ¢/ hydrophilic

menbranes, are discussed in the specification, it is
t o Hiefepd &b tha membrane arwhnlbmwﬁbneonmblym tulpdar membrane,

' resent in an anount WO 2008/ 006173
or%ﬁ%ﬁgﬁ%&ggm -4 sufficient to inpart
hy fhephérhbrandsycah Ge AL nIRBIHRARE Swet OEm B AU r&ewstted membranes.
VdF/ PVP por ous _.polynmeric nenbrane wil |

= ] have
The gpempleragss cap\hp A Viduplariarapandoprimndies oymogulen such as hollow
- of the nmenbrane are hol | ow
ﬁb??g?gaﬁg%%%ﬁes%?ﬁgg{ogp@ﬁemr ane, 5 or flat sheet
me MNjosi peeferfibly, therydaophsbicdiydivphilicybl eehibembeses sePVJIF/PVP

nb d nb . T mh n be
bR aRFS G Ay BR APt AT R GSIeBR A P eS oG R nats
mdRbh AW ard FRRR1BHAHES: iﬂ"veéwn@bce‘éé? YAd R '%ﬁ%abl%?tdiffusion

referably, the” hydrophobic drophilic b
indusadh phase separetiddv/dF/ PVP 10 bl end nenbranes or PVAF/ PVP

O BRI Y 2B Y PSR i

or Pkelisedra b fepabll tHef g Bianed 416 U8R SroRNAVEF PR A PVIR/P VP
one preferred enbodi nent, the menbranes are treated

copelragr) apbient dapeavhiehistdontgcted witiva nossarent Pp e fquermbibath and
-he: I e t m PYdE/ PVP (or PVAF/PVP 15
Wi T RS S malt RS e ol bekiiopats
nofin #d prefdrrddrentboditeatthb ayirophilisinghttcatind s if eHirti&Bout on the
washed in a wash bath to produce a nascent, wet )
na?F@%W%iﬁ]é‘?m\?lﬁm?-h]{%thﬁr“@ﬁ"e thesRpseFr St membranerig contacted with a
e A
themnhoremralfat is addedcts pdtassitin rmongetsutiatepindis pogernblyl ihat e

conyaflsnieit) POl e rubis Bpatisshimediae Doy the
conBRARREISOH thaddpersaiheli§ il¥h8 h&IRRY. v, &)01%?%%@510@9 th

pot assi um hydrogen sul fate and potassium sul fate.

preferablyrlabivi)o tchawt%.

Alternatively, the process can be carried out on a dry membrane. The dry

membranes may be prepared by one of two processes, either by directly drying without
pore filling agent treatment, or by first treating with a pore filling agent like glycerol and
then drying.

The process may also be carried out on rewet.membranes. These are membranes
that have been dried (either with or without pore filling agent) and then rewetted with
water or other liquid. ,

Additives can also be present in the monopersulfate/halide solution. Additives
maybe added, for example, to enhance the oxidation of the hydrophilic polymer, or to
otherwise catalyse the reaction. Suitable additives include organic acids and/or metal

ions. Without wishing to be bound by theory, it is believed that the organic acids are
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concentration of nonopersulfate is in the range of

O.Imt%to | Om% and nost preferably 0.2wmt % to 5wt %
wQ@\doenmars vel y, the process can be carried outPONAE2M7H00979

menbrane. The dry 25 nenbranes nay be prepared by one

of two processes, either byfglrectly dryi ng w thout

pore filling agent treatnen

]f first. tr at [ ngr
resppnstble fqs spbancing the gxidizdng abili efobrlg?ﬁﬂéf 5PhifcPolyig, The most
preflé'r}’édrbgﬁaé%%gmﬁ’ fso&fr‘ S TRXVRGHP we n%r orﬂe%uﬁ&'t)% Wkory, it is

ranes. hese are ne anes that een
belibved thaf thetrhetal ivnd dre @s catalybtofiot tlmanamdpletsillfaig fagenidipingrag cross-

11nl}gg§ }gfgg t;@lél?fz }gﬁqlérgelb g‘?ls \Irr\g)tggﬁr‘te?qu}e%%heggl 1orllsqel11rle ?\th' Cu*" and Fe*".
Thgr'é’(glﬁ‘,gﬁﬁeﬁwnfﬁts%d%ﬁitgf@s &4 BH BReer 01 WY 884 198%PAd most

for exanple, to enhance the oxidation of the
pretﬁgtaiblgpnhthelrengecﬂ Owet’p tob.Swtde. ot her wi se catal yse the

t|o bl e addi ncl u

G e e ST ) Bl T RERlsSn A e o5°C. and
sz feYably tn 1he rdiklo@Y8W tdw6r Ct he organl c acids are WO

8/ 006173 PCT/ AU2007/ 000979 -5 responsible for

e nﬁmf@abig thememoragicds paptadted witl thegpondersyifaicdphife pelution and

is ﬁ@%g%w‘?ﬁ?gmhe \&gfuﬁwﬁr %{e‘%&%ﬁﬂb% 903‘&%&1 ?%ilgwlaé toC%othc'P the

meRfiraRvefla Fbﬁéd dtha 1axet @ie hoﬁ).ﬁiin%fabﬁsloﬁgérahadﬁﬁwcf loours brein some
nDnopersu fate for oxidizing or cross- |linking the
caaware@%r andl Ogwiugsnat roonTiENPREEer ef erred metal ions are

s T L
all@wetf er@htagt tha nidnebramngaeBp&5trdHdver 4)0 Svibdsimes Hsssﬂmhl 1yhour
t he treatnent arried out at.a te
5CASRAFIGISEO agpier 47Bet s BV eI RFOYIRCY fﬁﬁyc{r Lt %f
pm&r}o egq,gthg {}ﬁ,ﬁ@@lﬂye ﬁlrgea%g&br ane i s contact ed with the

Nopér su ate/ha i de lution and 10 is allowed to
absorb the solution. Preferably the solution is

o) the nenbrane for a period of at
DW&@%EI&GB‘E&H%W | onger than two hours or in
some cases greater than 10 hours at roomtenperature.

In an alternative preferred enbodi nent, the
Figron bshewsperatcability againss smatponV {E fibegs abowerarioys dstmests.

FI%LE??% nﬁg\?sgﬁennenegﬁlg %?I{S?{lllﬁr ??o el %Cf'ﬁrgg aﬂér |Wﬁlm!rset?esatments

rdrn her aspect
Figuy 8 Rhéwip@imeybitigsagainsy titn@ b PVSR fibjes Iaftaietlreaﬁme]ﬁlanﬁd okonhe and

Vah(t)r& br{ff%e?SOd of the first aspect.

Figure 4 shows permeability against time for PVAF/PVP fibres after treatment with
oxone and various buffers.

Figure 5 shows the permeability of fouled PVAF/PVP fibres over time after treatment at
21°C.

Figure 6 shows the permeability of fouled PVAF/PVP fibres over time after treatment at
4°C. ’

Figure 7 shows % increase of permeability against time for various oxone treatment
regimes at 21°C. |

Figure 8 shows % increase of permeability against time for various oxone treatment

regimes at 4°C.
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DESCRI PTI ON OF FI GURES 20 Figure 1 shows perneability
against time for PVdF fibres after various treatnents.

wWo-2@anes123 shows perneability against tinme for RVOAURMP000979
fibres after various treatnents Figure 3 shows

permeability against time fgi PVdF fibres after

treatment with oxone and v 4,
Figust @ whoye elangps i neymaﬁoah%ats a g uwg [3{931?; Fﬂﬂﬁgt%%‘te‘%aém-

f
e A e

PVdEr/]IWBSnar?vtﬁanetstrre after treat ment at 21 C. Figure 6
shows_ t b
Figyrg Ad s]éqwgmeer gag)t%d%%lpg Of @fégllfll[ﬁgn;? gﬂjlﬁ\))d)ép ﬁragrgng/s & different

tembigifase of pernmeability against tinme for various
oxone treatnent regines at 21 C m&)ure 8 shows %

Figira¢? shows ofenpbeanregmbintatility againsistime fard” QP VR mesupyanes at
dlffoxor][e treatment regines at 4C. WD 2008/ 006173
iHieseRt pPEHBD0979 -6 Figure 9 shows changes in

perneability as a function of chloride ion
concentratl on. F| gur e 10 shows rrerrbrane errreabl lity

“Slﬂi%ﬁé‘?een?%wﬂvf il B WV g?iaﬁtl Prdfpve

copBl‘?Hﬁ:@ bRhYS, eStholig oM el be aphows t«ﬁf&[ﬂgé @l{lﬂed)ﬁf thre atiitht by blend
gal nst time for PVAF/ PVP msnbranes at ',\I/%I fferent
of hydrepée bichyezophitiqEpakamir merhiape or PERIEARVPRE vEpfon will also be

o WO R T NS Rl CEaptesd e

Oxélefho rietaryvDhul Polnepmdparxe]nth tmtmhmpexassmrh Ilmnllopersmllf@e

ot hoboa e o N ophobl ol o Pl BOL YISl

gagtg%@op@%?m& B he Fﬁb Gty Etﬁtabfbesoﬂﬁi% B s (ﬁersulfate (HSOs)can

rcially aval e nonopersul fate, one a
be ed. pt[‘heirme;mdﬁuwﬂb also pe exiensplifisdl with m@m@étm@ﬂ@@dﬁal@m gnthe

RSB3RO Pl

although those skilled in the art will appreciate that these examples are non-limiting.

The active ingredient in Oxone® is KHSOs. Structurally, the monopersulfate ion is
represented as follows:
(l)l
"0— |SI—- OOH
o)
In solid form, Oxone® exists as a triple salt of formula 2KHSO5.KHS04.K>S04
In preferred embodiments, a mixture of PVAF/PVP or a mixture of PVAF/PVP
copolymer are prepared in the solvent in accordance with standard membrane
preparation procedure and various additives are added as required to produce a
membrane dope. The dope is then cast into a flat sheet membrane or extruded in to a
hollow fibre by way of a diffusion induced phase separation process i.e. the casting or
extrusion takes place into a suitable non-solvent. Once the membrane is cast or
extruded, the solvent and various additives used to facilitate production are removed by
way of exchange with non-solvents in a quench bath and the membrane is then washed

in a wash bath to produce a nascent wet membrane. The nascent wet membrane is
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again by those skilled in the art that any suitable
source of nonopersul fate (HS05-)can be used. The

Wo pweodion will al so be exenplified with respeRCT/AG2007/000979
chloride ions as the halide ions and carbonate,

bi carbonate and m xtures t@ﬁreof as the base or
buffer, although those ski’

typicablp e eRe A AR & EOIEGG GREHPIE NG RO EE AR ovignally
basegq ﬁ?{l 'ru}é%r )P doRdiRs R EEcdnBertiHich; temperature and time.

e nonopersulfate ion is represented
Anyas] &l Bewsd, bt 1tlls preferfod t@t@ﬂ—ls maintaed jaf PHY| 91cpbpge.nd this

O
mayjqeo%?g a}%%%tysthgaﬁott arh l St %lécgflg{%%%gé‘l@otentlates the effect of

the 158} Rfl c bR Ve kﬁbwﬁ tﬁﬂt ¥idhneneferfdUfdtd (PR sQ50n is more

copo ynmer are prepared in the solvent in accordanc1
stablsi dt fove pﬁnwmdmwbmaﬁ the rgasepatigspldreopierieiglly &s afple salt, ie
various.addi t.i ves adde

to epsuRR,IL3FAdIG Sarongen d élopergl%lﬁae% {sgg S%ct Iﬁﬂ(t)%rﬁ g&?ftﬂ%ﬁiﬁs@m the

sheet
presERCEUMIEh S, D4ts sd aflcombin@tich wibhlbaye it IubnﬁlabyAmmj»a@fcaa be
di ffusion i nduced phase separation process

used; doit qxnglpbar, hy@exidg 4915n 0% @Q@Sprﬁfe |eﬁ{b8n3te§)a lb{cgmogate These

ol vent uded,

s TR YR e i g

pPradue Fte@é}reﬂremlfoaimm afithye pregent ofverianh dmgsembltahe is first
non- so

o RT3 e SR 22 o BRIyt 4
is ﬂ}gafpﬁh@ggo%tggbé@g%%@{}o%f RBEPHARS 0ikuMQt 20084 Ztare

typ cally then treated wit
Thi$ plodéssasipatiatlai ahengblaxo ma(rml;rmw for pansllgsonsnaedydes which can be

opt 1 b buf f
TR RIS OROBTEH SETOHoF AEnSB AT R TNF e from the
soldilbh Aills ﬁ‘@@yk@pt%&%r Bbte thin 1Gheef erred t hat pH i's

mal nt ai or above, and this
el onvenven,eecd nma_,ntlphgi epgherp fre@tnﬁgts’@m@\,ﬁm’pp gqtrgegl dependmg on the

oS o R RPREA e Bl o AR S v
dep(eﬁ!ﬁ@%))n R tehnperalire Astabbenas of mmqotﬂ-ﬂan amt {he dieedcantiedess

is the reason it is sold commercially as a tri
thas & [hoyr. | Referablw mdditivenpf metabiions apd pstrt habedo the-

Oxgl?e@S%))ﬁ%%%l I ?% ﬁltht% tl'll_ermréaQ‘ﬁ]E QU85 t Bnbeme 'ﬂ?é?ﬁl?rahé‘hésr&en

&5 Tts Use in combination wth a
tre1@E 8t daf théi\lbliett&ied M}bn&)p&ﬁc@lanplbeess the wet membrane is simply dried

directly without any pore filling agent treatment. In an alternative process, wet
membranes are first treated with a pore filling agent like glycerol and then dried. The
membranes can then be rewetted with water or other suitable liquid.

In addition to treating membranes to increase their permeability,
monopersulfate/chloride solutions and monopersulfate/ chloride/buffer solutions have
also been found to be advantageous in the cleaning of ultrafiltration and microfiltration
membranes. Typically, water containing solutes and precipitates is passed through a
bank of semipermeable tubular membranes housed in a module, often at elevated ,
pressures. The filtered water is drawn off and collected, leaving a residue of solid
material in the membrane pores or on the unfiltered side of the membrane.

Tt is preferred that the pores of the membrane be kept relatively free of

contaminants. As the amount of pore blockage increases, the filtration efficiency of the
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used, for exanple, hydroxide ions, or nore preferably
carbonate or bicarbonate. These 10 also have the
wa@edwanoage of hel ping control unwanted chl ori nECYAB2007/000979
production. In one preferred enbodi nent of the present
invention, the nmenbrane is fjrst allowed to absorb
t he Ckone(r)/chlorlde/base §%l1 ution and the sol ution
modydeidasreneerangithe ameuntiof proseype reqyirgd iR mabitaina viable groughput of
. | f t.
o B A RSl it AMEL D4 bR AN Goomes
nuh@l@hﬁﬁmﬁt nDduIes whi ch can be 15 i mersed into the
nonoper sul fate solution for, a given tine, then renoved
fr éﬁf?lﬁ% caS%lﬂa% Pater spralBingdmpUREst Isuss-ttegied ihe fapgplating

agg'JQ( r?gl{?)i’ lEosﬁ Y@ 5 ﬁt%#&&ﬁ%@ll@lﬂé it r‘ﬂoctsr e?i'b&el%ve the

can e varl ed ependi ng on nperat ur
adﬁmnt&@kﬂf&ntramhgrmnalld;ﬂcnﬂmda]aparmaierg ehdresjcm maihhg ﬁftradlmlhﬂdré

cfaer BELMEY G5O B PR SO0 PSS PG s Giesuence
of blRRcHlati 4 gent dpls6 0N s@?éﬂdteﬂ @ﬁw@efs cHEétﬁéte R Srediftate from

organi c ions are added to one r) solutlon to
the¢ wefet,ithartley tenovingatlomnindindediss. Once t he menbr ane
has., been tr.eat can .t.hen be dri n e "
RS M g S B el it e i pasebnRl topmiies
collbiis Hakcderid IR Wr i ke E)stfadl {Hrb% 88 ﬁmatfoh%ttmﬁﬂér predyure,
an alternative process, ranes are first

expeling Eliersiltwater qpdreaving thie mjlda@érwmd withigl the vriplangd mepre
pa}"tpc%[]arg/rolnetﬁf: W-Ie-lrs]t% s1d% R nbrrn‘%rrﬁ Pang %ﬂd? h&ln é)g%s o?\ﬁlee ntlgrglbyéfng hFlocs

her “suiltab

aré patitulagy problyngdial ih@anding maﬁ@ratrieeﬂcscmger, ARa hldmlira‘ne
nnnopersulfate/chlorlde sol uti gns and

PerfprBge staduatie depingheowrth use witll ddregpmehaeassspey togleas the
04 L 8n06r ALYAMEASNRAL pbiheShERR HBufluity, the nature

Bt réglltratlon ang mcrofiitrat menbr anes.
ofﬂxpnthhymummmenxﬂﬁhmamBHMQmsoIutes and precipitates
i's passed fhrough a 30 bank of smpermeab t ubul ar
rrgi“‘g‘?ﬂ?é éﬁ 13, ﬁ“%ll%ﬁlﬁlcéﬂe‘&f &7ttt (Ot g capter to the
noﬁﬁ@lstﬁfé%ﬁ&i of B&w! ée!nt(ﬁﬂ&{ke"k%hﬁrthé §orﬁ£1ﬁﬂﬁn@ ffor@Afd membrane,
l'ected, leaving a residue of solid naterial in the
homnm anedq:ﬁﬁmdstomchmne tdrepletefremoraled peititelatd mather, especially

ra t ref rred that the pores of the
Vﬂﬁ@gﬁFgﬂ@“%imﬁ%ﬁﬁIVEF tively free of contamnants. As
t heiRABeH clahs PeferblofCkAD@eRICT eases, the filtration
efficiency of the WD 2008/ 006173 PCT/ AU2007/000979 -8

o chelwione of swsepersiH g momm halgle ipns petticularlg golutiens of
O P B iR Y8l Ea bUGPHANANL 0% ol AYh Al LDGEERRER:, nove
betn! fiunt €o be oeryasefulndt deeﬁ’h@ﬂfoﬁllddaﬁémbranes. The methods of the present
invention can be used in conjunction with backwashing methodology, or as a stand-
alone cleaning method suitable for carrying out “cleaning-in-place” (CIP). CIP involves
cleaning the membrane module without removal from its normal iz situ place of
operation.

In general terms, one form of CIP cleaning involves isolating the module to be

cleaned by means of taps and pipes and the like from fluid communication with the
remainder of the system. The water or liquid normally filtered is then replaced with a

cleaning fluid, in this case, an Oxone®/chloride/buffer solution. The

Oxone®/chloride/buffer solution is then allowed to run through the membrane module to
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In sone cases, the water containing inpurities is
pre-treated with a flocculating 5 agent prior to

w0 pdoBoati7TdN t o coagul ate di spersed col | oi ds i nP@I/AU2007/000979
"flocs'. Flocs have the advantage of entrapping
snmal [ er colloidal particles, thereby making filtration
nore _efficient. They may aI -0 aid in the renoval of
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d article
th% gggﬁ atalte Alfg)g\aaﬁqg ggss tglto%%ﬂ }}eﬁg?ﬁﬁﬁ? #%98 eerl)e?or{: E)glinglﬂ}n & to
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pasﬁﬁ‘tlﬁ)*lfré?ééahleté}gtéke‘ ﬂlﬁ@etdt &H}ftieng&?ﬁch ?ﬁtzp%ﬁolled

expelling filter wat'er an eavi
temperpivech witdide the moenalnhnge aifdtratboetenparaires) | Biid @IROGant feesarried

ste side of t ne and in .the pores of the
ouh By Fratas Fonlihs oF BuFenal bresunch sith G mamaRkeee ifhose used
fo£AMStiBA, merrbrane bl ockage and nenbrane 15 perfornance
gradual |y dimnishes with use until it becones
ned¥wsdhgcleaning saonpirted, Hemsysteness. flufhed extmove thceshd the

OB FH RARRGRAS G5 bR B Ty b et

totﬁa@fmﬁﬂmaglgwthat is, running the current of water
(or_a gas) counter to the normal direction of flow,

cartTHicep Se garrisd pit mprualiyrir dnimeans of fullyrautdneated sptsteamewhich
hi
acggaté]ﬂlv‘ll%gfd’fnse QI{B%S&\FQ %1?1}6%111 %ls of aﬁc pf%rg%{ g? cll\ﬂgﬁule operating

r enmova e nra1
tmﬁdsoccul ants have been used. Chem cal cleans are
Sol uti ons of nonopersul f

f ti ful
anl or : % Q#é‘i maif? ﬁﬁ’i‘s carpbg ¢lpangd das hanks|ofhpber :ﬁ@re PVDF

§ t f
A e
whier are irseipdrated heﬂeﬁalmy redertmeel. Ethemrodhiainetuded b shetedwhibi@svhich is

ool s BigREhdveniion, canbe used Lp gonlpmetion

didphRETHITHDO TRA fmoslﬂhtaﬁ@ heuhe( d1§ﬁ‘1’éfe¥ loP95® to 310 um, Wlhh a pore
"cl eani ng- | n-place" (CIP). I nvol ves™ cl eani ng

sizg@hB2atia, b?é@nﬁsé Sizps ey be W@Mmlremulmd; iMembianeahd Irra)dule

cofbllabuR o AREME diion G RhetALBTERRRgisb e Sahieg with the
mdieods @Epwf@eedoanmsn@fastvﬁn%e@@grdaiamm &khed! 1h |ﬂ§‘e art.
fromflwd conmmuni cation with remai nder of

sy &t &fsh engeofiipg Bbredyunglegapetting camppynd haldsthe d=nqi$0ﬁ the fibres in
e is,case. . a _
Plagg %@?%ﬂgﬂ%@% ?lg éﬁ%ﬁ@%ﬂ;&%&%ey IFfoer:ilch EI‘.I%C{; 0fthé Fiodule? "rhe liquid
feeﬁ)mplﬂﬁpéd mhd the indetulbe) bbevees theshield I%md she higsid@bf B¥REII6® fibres.
run .t hrfou&g{] He menpr ane nodul e
Some of the feed liquid passes mnto the lumen of the fibres, being filtered as it does so.

The clean liquid then concentrates in the inside of the lumen, and flows, or is drawn off

and taken outside the module, as a clarified liquid.

In one form of the CIP treatment, the Oxone®/chloride/buffer solution is
introduced in place of the untreated liquid stream. However, those skilled in the art will
realize that the flow could be introduced counter to that normally used.

The results obtained showed that treatment with a Oxone®/chloride/buffer
solution could clean fouled membranes such that their permeability was returned to, or

close to, pre fouling levels.
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t he ends of the res in ace W thout bl ocking the
PVditrens |ah8iwelobleBlCHI:f each end of the nodule. The

ligui-d-125-—feed ped—nto—the—rodute—between—the———
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ered as It does ean liguid then

PEORNPERt [ BiveS Oxdnehe. OOIMG*’BCMCzHB@z)MHﬁéM 0.083 dwvPA Bel)4. 0,0

of f and tak
clari f i [giwtedrome/ 9. H0BEYS EpeR2bBOHELE/ P et 05/

P{]ﬁ]ﬁp%ﬂ”&éi&,{%ﬁlaﬁd&e/ buffer solution is

The results are shown in figure 1 (permeability versus time for PVdF fibres) and
figure 2 (permeability versus time for PVAF/PVP fibres) and strongly suggest that an
oxone/sodium chloride solution buffered to pH 9-10 is extraordinarily successful in
improving the permeability of both PVAF and PVAF/PVP in a much shorter time frame
than conventional treatments.

Oxone in combination with chloride works very well but there are occupational
health and safety issues concerning toxic chlorine gas evolution. Buffering the solution

was found to ameliorate the issue of chlorine evolution, but more surprisingly, was
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uum ..u T This treatment perforned wel |
PV‘F%r tr L Oﬁ’l% MPLE 2 - Buffers Because

PV%ﬂ;]ypvgu(pgd@l ng enhancement in perneability provided|by
e

dition of 15 a buffer such
bi car Jdwuffes,1- P83 %GRE T WM@Q@ Stal ﬁﬁ?"édﬁd OKgPe |
PV&\E{?HF rane bundl es were placed in treatnent
i{off$, which had conpositions as shown in Table

7. The meraraabidsiviiesoye s vessiced, aCl). 13 Oxane 20
and 24 hour intervals. WD 2008/ 006173
PVEPNRUZIO7/ 000979 -12- TABLE 2 Buffer Sol ution

PV Bl Y 0B 0 27 At 04 ) LD [ 04 e "BuE 2%,

pVEEDRe | Baff& B3yW #4884 Nald em:®t%,, ONafd®% wt % Oxane

PVdJF/PVP | Oxone after 1000ppm OCl

The results are shown in figures 3 (PVdF fibres) and 4 (PVAF/PVP fibres) and
illustrate that the buffered oxone/chloride treatment drastically improves the
permeabili;fy of both PVAF and PVdF/PVP fibres in a relatively short period of time.

Buffer 1 and Buffer 2 both had an initial pH of 9-9.5. After 1 hour, the pH of
Buffer 1 dropped to 8.2 and that of Buffer 2 dropped to 7.7. After 24 hours, the pH of
Buffer 1 was 8.5 and that of Buffer 2 was 7.5. Thus, over a 24 hour period, the pH of
the solutions remained above 7, which is sufficient to safeguard against chlorine gas
evolution. Additionally, these results show that it is sufficient just to add the carbonate to
achieve the desired buffer effect rather than both carbonate and bicarbonate.

This demonstrates that a solution of oxone (2wt %) and sodium chloride (0.1 wi%o)
buffered to a pH of 9-10 using sodium carbonate significantly improves the permeability
(> 1000LMH/bar) of both PVAE/PVP and PVdF fibres in a relatively short time frame

(2-4 hours compared to 24 hours). The optimum treatment time is generally of the order
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PVdF 2% PVdF Buffer 2 - 0.75wt % C03 , Nad O0.|lw %

Oxone 2% PVAF Buffer 2 - 0.75wt % C03 , NaCl0. 1wt %
wW@x@neodss PVAF Oxone after 1000ppm OCl PVAF/ PRET/AK2002/000979

Buf fer 1- 0.83wt % C03 , O. 84wt%HCO NaCl10. | wt %

Oxone PVAF/ PVP 2% Buffer 1- 83\/\1%(1)32 0. 84wt % HCO

NaCl0. I wt % Oxone PVdF/ PVPl%'% PVdF/ PVP Buffer 2 -
of 817 hcml% @@edeally-the RHEfthesolwgoncshonld begmomigagd fo\gpsure alkaline
cor@% n9a1eM%C032' NaCl0. | wt % Oxone 2%

&E?ﬁvﬁn@koﬁé after 1000ppm OCl The results are shown
in figures 3 (PVdF fibres) and 4 (PVdF/ PVP fibres) and
5 illustrate that the buffered oxone/chloride

Mechaniswerfiaction of peeferipdi(kphanced) freatmesth reabi | ity of
bo I rt
ool freErefbalmtitol e dptedbERyubilioh i GElents chmplit
metlinistiahllyp Hvatho8t \91351ng/é¢6 be boﬂnd]lubuﬁl,eonyhﬁlepaplpbcfant Bofides the

dr gpped t hat of. Buffer. 2 dropped to 7.7.
fOHRW“é% g@&raﬁ&}}‘é Oﬁ}?éni‘)lpl repctions fhebiaka PRES 8. 5 and t hat
of Tﬁ%&%gﬁosﬁndﬁm the ?reféﬁk‘dstreaﬁﬁﬁ{t s8luidn ROWI75REY: N}QC(E h®1wt%

e solutions renal ned above 7, which
Na@h fufd ZwEH Oxboe @KH@O&K&HS@;@I@S&O ghwaei.ne gas
evo| ution. Addl tional | r
b trelieagtiio o Rnatt e WEARGR A biGR SRR ¢ e ©
desired buffer effect rather than both carbonate and
bi carbonate. This denponstrates that a solution of
HS6xaaet Chaty NHIOds 5@ 0machl ori de (0.1 wt % (Lbuffered
to a pH of 9-10 using sodium carbonate significantly
i nproves the perneability 15 (> 1000LMH bar) of both
HS@{Q@PH%GBCS(E’V@&:#HQ"L inarelatively sh@2} tine
frame (2-4 hours conpared to 24 hours). The optinmm
treatnent tine is generally of the order WO
008 00y 0979 -13 of 4-12 rs; and
Cl(lgo‘éqéﬂ{ﬁgé% ép_gﬁ@lét?‘f‘i)e glo ution shoul d be mnglsqjor ed to
ensure al kaline conditions are maintained. Mechani sm
of action of pr rred (Ephance reat ment .. .5 The
Clgr @i e el&sr@atr%t? é‘%?fiﬁE:ﬁtéld@JfE%l %@2@ i nventi ot s

i nherently conpl ex

HCIO (ag+ Cl'agy + H30"aq) € Clagagy + 2H20 (5)
Clyag €= Clygy (6)
COs” gyt H30" (ap€=> HCO5™ o+ H,0 (7
HCO;3™ aq+ H30" (a9 € > COz (g + 2H20 ®)
CO; @€~ COz (g | ©)

As can be discerned from the scheme above, it would be very difficult to develop
an accurate mechanistic, kinetic and thermodynamical model for the treatment methods
of the present invention, so any conclusions made are based upon reasonable

assumptions that must be treated with an appropriate amount of care.
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mechani stically. Wthout w shing to be bound by

theory, the applicant provides the follow ng general
w@iodeodiad t he nmain reactions that take place. AEEAU2007/000979

conposition of the preferred treatnent solution is:

0. 75wt % Na2CO3, 0.1wt % Nad_  and 2wt % Oxone

(2KHSOB. KHSO4. K2S04) in watdf: 10 The main reactions

oc &eaetiong 1-hreprrsentitbaoxidativeswyicle: Roarctione 7dsreprssénd ke buffering

HS0 -> . + Cl . (1
oo ol ey PER B sqFbR BT (%) B8R g e e
ke%?‘@ﬁé‘l(yaﬂhcﬁn of tHd@kédedtihethotdiéhicB Xis thetlease @ tokic chlorine gas.
Substrate (red 4 C"(aq) +.[Substrate (ox)]

4) 20
Hefonealy thepolpbidify of diberinggps irthexreaimpen gpluiion| (lgzgegj affected

<---> Cl2 (g) (6) CO2 (aq)+ H3O+ (aq)E-->
by%ﬁé’é‘f?&ﬂ% (7) 25 HCD3- (aq)+ H3O + (aq)E- OO2
( agH conRbRAh¢ 8uiliham ef egaetides GBRcH g ko @ ned3ittAshlorine
be .di scerned fromthe schepe above, it woyld, be very +
evpltion. cSPHIORS QAIQBPIR haYE B BEhFHRBCHREALADS LY@PmR‘FIh’@PF §H:07)
an B kAR SR R ool BauilBFinki16) 1o 4k RPN rTRE B3 Sproducing
mdreskldrinpgas insabuioableniastsenydt, tenperstoat andugheripby sicalgirepbrties

th appL opri at e..anou of .care. WD 2008/ 006173
aeieseioa R o) AU TR o6 G “Hish dpsfReskite ctigne
geﬁe&a@atstay@npé&&tﬁm Anaaealt Eﬁ&nﬂy Qa1 fseRk. the buffering

action that keeps the of the solution within a safe

r adigie recReueended that te pte pf thedreatnodng solktgn shafudd Yo weintainerd

f .net h Wwhich i | PO
abfis b FRRBAGEN! AR 1 Sl vl PESTER SER puliin e inita
pHI&Bthé BredthRnt §otati SFRINingSBk phdfmed SarbéagLdnbiddrbattewuffds is 9-10.

by pH and tenperature. ggl controls the equilibrium of
Tht@@%@%he soyiRe ehtreadmensntherniblpsioen opsrmd taelrop to about 8.

e
of akataieahwithewtireenitoaing elise iU therunlikelf zyeitahahhd $H tfalld bedow 7,
socrliiu?nhéa’rbgng‘yesshglrﬂ% %Caidggd to the solution until the pH reaches a safe level. It is
also recommended that the temperature of the process involving chloride enhanced
oxone treatment be kept below 50°C, to minimise the possibility of chlorine gas being

forced out of solution.

EXAMPLE 3 Cleaning of fouled membranes

Three versions of the treatment solution were prepared with oxone content 2wit%,
1.06wt% and 0.5wt% respectively. The treatments were applied to fouled polymeric
hollow fibre membranes over a 24 hour period at both room temperature (21°C) and
refrigerated temperature (<4°C).

Polymeric hollow fibre membranes that had been fouled by in use application were
treated at both 21°C and < 4°C with three different oxone-chloride-bicarbonate

solutions. The composition of the solutions prepared is shown in Tables 3,4 and 5:
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Mth three

di fferent oxone-chl o-de bicarb“naﬁc 30 sol utions.
conposition of the sloM#$ons pé%ﬁ%red is shown in
Tabl es 3,4 and 5: P 006173PCT] AU2007/ 000979
-15- TABLE 3: 2% oxone conposi tiop Conmponent wt %

5 Na2CO8 0.75 NaC 0.1 Oxone 2 Water 97.15 Total 100

TABLE 4: 1.06% oxone/ Cl. conposition
TABLE 5: 0.5% oxone/Cl composition

The

Component | wt%
Na,CO; 0.3
NaCl 0.1
Oxone 0.5
Water 99.1
Total 100

10 1.06 wt% Oxone was chosen as it produced an equimolar mixture of chloride and
oxone.

The permeabilities of the fibres were tested at time = 0, 2, 4, 6, and 24 hours, and
the results are shown for fouled PVDF/PVP fibres at 21°C in figure 5 and for fouled

PVDEF/PVP fibres at < 4°C in figure 6.
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Component wt % Na2CO3 0.59 Nad 0.10 Oxone 1.06
Water 98.24 Total 100 5 TABLE 5: 0.5% oxone/d
W@ vpoailrd on Conponent wt % Na2CO3 0.3 NaC OpdT/ADx®me00979
0.5 Water 99.1 Total 100 10 1.06 wt % Oxone was
chosen as it produced an e_? li mol ar m xture of chloride
[

FASu e A58 oy ndlay gt 5 g iy ime

inter{,aﬁg»?hgcsd@rigrﬁgg nfor fouled PVDF/PVP fibres at 21 C
Intrgure 5 and for fouled PVDF/PVP fibres at < 4C. in

E: Thel g SYBsoldraEet adsgaatebcmditipoorandsered to heye gartifly
and at . <4C, all.th [ uti .
roush L0 ot Pes%h LSRR, R P EBRGHTA s RAREIA e
perfér{rﬁgwsme sdlBoR cEUp el v ihenthen defiigeafedisgmpiised
conditions was observed to have partially frozen
on ?" hE oxgme m?? eﬁth@étreamen;k golgtien Hay Bge e‘l"ﬁ?@ toa(gé %%g(tdown
n ve .ect.e f
fromg ORGP BV EG e E D BpEOE e tarole content may

also DB SedeMaxiGam1eaas toof claper] sfatamd tietisnpanformimgrajution.
reduced to 0.5 w % (down from

GEDier PG R elom e exeri e iage Sghied HUclcie s pgriod
withgsg)zlgtg)nt ’cglgtyiifnie@ (2% i f.@@j Wdor g‘eﬁ%c&dn% ¢t 6.0wB% chloride, as

a ( better performng solution. Foul ed
per RYBRRVE: fofdbiey 34 biidS remdiaisarveish swnigonscontpiing Yemepnpyat

oo et R b B B e

(21°C) and refrigerated temperature (<4°C) to simulate possible conditions out in the

field. Each sample was performed in duplicate. The results reported are the averaged
values.

The results are shown in the kinetic profiles in figures 7 (at 21°C) and 8 (at <
4°C). Tt was observed that over the first two hours (at 21°C), both treatments caused
permeability to increase at comparable rates (36.8hr'1). However, after 2 hours, the rate
at which the oxone-only treatment proceeded dropped to 1 hrl, whereas the rate of the
oxone plus chloride treatment continued at 36.8 hr'! and then dropped to 6 hr! at 4
hours.

The oxone-only treated samples achieved a 100% increase in permeability at 24

" hours. The oxone plus chloride treated samples achieved an even better increase of

>250% in permeability at 24 hours.

The variance of oxone content did not have a discernible affect upon the rate of
reaction at 21°C.

The oxone content did have discernible affect on the rates of reaction at <4°C. The
effect was more significant in the oxone-only treatment than the oxone plus chloride
treatment. The oxone-only treated samples achieved a 30-70 % increase in permeability
at 24 hours, whereas the oxone plus chloride treated samples exhibited an increase in
permeability of >160 % at 24 hours.

For cleaning purposes, the treatment solution may include an oxone content of as

low as 0.5 wi% without compromising its effectiveness.
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@%F/Wwfwec LheHeENlo.50khe 0&%@ onlygyseat ed 6.75
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Pn ng pur p(9 ! , '19reat rreln](
?qu ﬁén%y&]{% 3, 0Xone CoglRNt of (33 |ow0a;s4
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ut conpromsing its effectiveness.
2PVBF PO 731 RTT/ Gk 0-0. 8380979 _ 3P nt er ¢46i ngl y,l.bi/er

around the to 4- 6 hour mark, indicative of a rate

IWBF/WP o 4%@ (? ?(];ll[ lﬁ} the T T on 2]’ T7€C[ I VQ! 2’7

ceases. Convers e oxone + chloride proflles
CVIDF /PO vv|<t4hca @M&iﬁet/(alntli % rate899th n@2sign of6n

nlateau within 24 hours.. These reaction. r

{RBOFANVR 5éP6w. OBoRAE-19.5% Read Bn Rat &94unmmar y5-94

PVDF/PVP <4°C Oxone -2% 30.30 0.30 0.30
PVDEF/PVP <4°C Oxone- 1% 15.00 0.57 0.57
PVDE/PVP <4°C Ozxone - 0.5% 11.91 0.47 0.47

. In other words, based on this data, at 21°C a 2% oxone solution would take about
175 hours to reach the same level of permeability increase as a 2 % oxone — Cl solution
would achieve in 24 hours, assuming that the rate of reaction of the oxone-only solution

remains constant after 24 hours.

Example 4 - Effect of Chloride concentration

The effects of chloride concentration were investigated. While good results were

obtained using treatment solutions including 0.5 wt% oxone and 0.05 wt% sodium



Rate of Reaction (hr-) at given tine (hrs) Fibre T

Treatnment 2 6 24 PVDF/ PVP 21 C Oxone/d - 2% 35. 40
wW®B289/0661539 PVDF/ PVP 21 C Oxone/d - 1 % 36. 53P6G1/482007/000979

5.79 PVDF/ PVP 21 C Oxone/d - 0.5%38.93 6.75 6.75

PVDF/ PVP 21 C Oxone - 2% 42 31 1.10 1.10 PVDF/ PVP 21

C Oxone - 1% 36.76 0.74 0.7 8- PVDF/ PVP 21 C Oxone -
chloridsdiB somecases, Hug ta safetpypmyemsregadmeghdmegvolution, it may be

20 57 4.27. P R < 4C Oxone/ O - 1 % 18. 92
deshr.aE%Jt%. er %ﬁlﬁ)\é@g@ﬁd&%ﬁéﬁd - 0.5%14.76 5. 94

E’V%FH(; % @i};’fb‘ﬁiflg&é%;(lﬁ adEragd OTW A) e2Pose BAitQoBEh1OriZOgas is 1ppm, so
<4C one -. 1% 15.00 Q.57 Q.57 \VDF/ PVP < 4C -
thetyegtieent condstignsishouldjdeatlybepptipfsesity é‘lrndw&iag@,ce Bel¥Esn on
' af .- 0 -sol ution woul d take
5 perg%gé%%tlﬁ%gﬁé atgig%Pgongl%)é? ﬁlghég'rre | evel of ‘
peArtriighestcdnoaitexrion odshlaride 0.05w136), T kilbgmol off traatment 0
woul d achi eye in 24 hours, assum n .hat the rate of
solbGaR CorIn e, SE RE S BRETII- SO GOTEIAtE fa HOe SRETIRH:
estBhdt€ it Gl BOMsSmeFURAFRN Bhifride H B®tonQfan PotedfibifPescape as
concentration The effects of chloride concentration
chineinegasnbss, Ay €tandinbsphguo grasewa) t kg vetreatmgst solution can

obt aj n Si treatment solutions including 0.5 wt%
0 g A Ot B um W 2008 006173

PCTHAUR00Y tRBARY Vere thBs€dpe @itb déa® dfMairS HERhLE Sondbuatich will

_safety concerns regarding chlorine evolution, it may
rispte 0.3mnr abl e to further minimnmise the chloride

co hr.. t ot al _wej .
O PPl et Sl S 2P Y B s

me@fired. IR ales week thee ?Iabé’d harcaphéeitissktiohowhichdad the following
bal ance between 5 performance, reaction tine and

15  comppsiionsasdgolalle dh. At the hi ghest concentration of

chloride (0.05wt%, 1 kilogram of treatnment solution
contains 0.5g of sodiumchloride. As a conservative

TABIE 3aV atyingoCiisdd®lm Concentrations

Sample | [Oxone]/% | [C1]/%
1 0.5 0.050
2 0.5 0.035
3 0.5 0.025
4 0.5 0.017
5 0.5 0.012
6 0.5 0.008
7 0.5 0.006
8 0.5 0.004
20 The permeabilities of the fibres were then measured at six, twenty-four and forty-

eight hour intervals. The results can be seen in figure 9.
At six hours there is a definite decline in permeability which correlates with a
lower chloride content. However, at both twenty-four and forty-eight hours, the

permeabilities seem to be independent of chloride content.
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estimate, it wll be assuned that all chloride in

sol ution can potentially escape as chlorine gas.
wabas/oo@Ers 25C and at nospheric pressure, 1 kg oPCT/AU2007/000979

treatnment solution can 10 rel ease about 0.1L of

chlorine gas. Thus if this | orine were to escape

into InB of air, the chlori'neé concentration will _rise

t oTlgess pswrts mg\szaﬁ/thame rest olowadtioprieproperiisnakiedhqelaride
Lt
co AR skl RPN B3 BRRRAL AL e
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[ Okbsie }hl%apmam beja wyids rangssy chioriglegopceyygtions ‘@t@n “which the

o B0 oSG A Bl s
acoeplabletthaa mlhﬁii)éﬂr Sﬁl‘[ﬁ&ﬁln_gr Ir?f Wt%\ﬁ:&lt)l? irgillfs bsglvg a:f @004/ wt% sodium

ht hour I .
chlprighbeussd. Aptherwiseadiigher BloBAF sonerRriion may hebratia aphiove
the%glmbﬁl{stv)ﬁtﬁm 'a%ﬁoﬁé%rtfn% LSS i hbud | ower chloride

content. However, both twenty-four and forty-eight
hour s, t he perneabllltles seemto be independent of

chl ?r ié’ ,Etent 08/ 006173 PCT/ AU2007/ 000979
Me %‘BPF?g’EFg’é MLt the rate of reaction is

Pr eRArtah@ PHUFIOVE RBres Weds bl fect&OdttRAtmerdRdiht Devllutidiecontaining

reaction appears to stop (or proceeds at a negligible

2wir'4toapna ). lygheNa€] ansl hés %éém@ﬁﬂzaﬁalﬂ@mb}emé@nP%Wr® and at

St oBREEH R b Hieflnt pbge LERET IR} plAURRG ot e

fibRishieé méaduredoataime= Oy, P faad n4 hous apé tho@sultsfcan be seen in
tmenty four hours is acceptable then a so] ution

Figsd bl achip- diigusgt B) e ancapiranspameapiiy righgnsyvih time for
PVaRGh M Branes (V1 — V4) and PVAE/PVP membranes (R1-R4). Figure 11 shows rate

of reaction for PVAF membranes and fig 12 shows rate of reaction for PVdEF/PVP
membranes.

It was observed that over the first two hours, the reaction on the PVdF fibres
proceeded, on average, 5.4 times faster at room temperature thén at 4°C. For the
PVdE/PVP fibres, the reaction appeared to proceed 5.5 times faster (on average) at room
temperature than at 4°C.

After 24 hours of treatment, there is no appreciable difference between treating at
4°C and room temperature (21°C).

As can be deduced, the permeability vs. time data gives an idea of the kinetics of
the overall reaction that takes place with the fibres. There appears to be a tendency of
the reaction rate to plateau, with an expectation that the permeability of the fibres will
oscillate (due to experimental error) about some final value.

During the first 2 hours, the reduction in rate due to the lower temperature is
comparable in both the PVAF and PVAF/PVP fibres.

More importantly, after a period of 24 hours, the permeability of both the PVdF
and PVAF/PVP fibres treated at 4°C were comparable to that of those treated at room

temperature.
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scalehi® diglip@bessiis yiabk. t he fibres. will oscillate (due to
experinmental error) about sone final value. During the
‘first 2 hours, the reduction in rate due to the | ower
tenperature is 30 conparable in both the PVdF and
PVdF/ PVP fibres. Mire inportantly, after a period of
24 hours, the perneability of both the PVdF and
PVdF/ PVP fibres treated at 4C were conparable to that
of those treated at room tenperature. WO 2008/ 006173
PCT/ AU2007/ 000979 -20 EXAVPLE 6 - Menbrane
Modi fications to Increase Perneability Potted PVAF/ PVP
fibres which had been nodified by pre-treatnent with
persul fate were neasured for their perneability and
then treated with Oxone(r)/chloride/buffer
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solution for 6 hours and 24 hours. The results are
shown in Figure 13 5 The obtained results reveal that
wao b@sperineabi ity of the persul fate pre-treat eRCT/AU2007/000979
PVdF/ PVP fibres increased by about 54% over a 6 hour
period and 57% over a 24 ho? period. The
Oxone(r)/chloride/ buffer so6fution treatnent is thus
CLADYI® effective than treatnent alone, as it can
further increase the perneability of nenbranes already
treated wth persulfate alone. 10 Wen a trial was
1. peAmsthlofitpRoliag e waeiseameatility dagiovousmdytheric membrane
containing a very large (around 7000 LndIVI ua
andyey GlGHATE HPARYS mlmyﬂ%meg&nf%mcpgﬂ%lswﬁé ¢ PR OL e iRAtIng fRid 2

o el B TR Sy g Koo

conparable to the Iab scale experimental data and

i ndi cajes si |f|c e t he ocess |s
2. yi Appghodast Sooh ST PR OB
CLAIMS 1. A nethod of inproving the water perneabllity
of a porous polyneric nmenbrane and/or cleaning a
3.pvom@hgbwynEhngundmmrhned@mm%nm@uﬁggpW@w@ﬂ@ﬁh@Pm@us
contactl 0
poISBRHE BeatO OB LT RABE SRl o5t 4 Bl and
abagcording to claiml wherein the halide is a chloride
ion. 3. A nmethod according to claim1 or claim?2
includlng contacting the porous 10 pol yneric nmenbrane

 hafioane SRERHE o M dher MR G e TRARGHGEE Borof
pol@fnehl?l enepiterRdis Agnictofl st onherudtiatiltrhgorpmembsanepol ymer i c

menbrane is a mcrofiltration or ultrafiltration
menbrane. 15 5. A nethod a accordlng to any one of the

5. Pr gctﬁgthg(g 2 %c@r&ﬁg}f@e%ﬂf&% thtﬁ gi% bl%lm eﬁf‘tﬁe p8lymeric

prepare roma IC an

meh}lﬂmph pteipareddtopme blend .of Ahlyéltobhdblatan«b A dhiy dg)phﬂlccplommeprs
wherei n the hydrophobi c polyner is selected from 20
the group consisting of fluoropolyners,

6. PO AYIﬁHZIhB@ Q@cokf('hﬁg tcpélhﬁﬁﬁ"? Rﬁreréi’@{ﬁé' Hyideshobic polymer is selected from
pol yacrylnitriles and polyvinyl chloride. 7. A nmet hod

theagragr ctinsiyting o flavnopélymices; eolﬁsnlmeﬂﬂ@rm@@ﬁcp%ﬂnyﬂ@s
polyacr?flmtrﬂes and polyvinylchloride.

7. A method according to claim 6 wherein the hydrophobic polymer is a
fluoropolymer selected from the group consisting of polyvinylidene fluoride (PVdF) and
PVdF copolymers.

8. A method according to claim 6 wherein the hydrophobic polymer is a polysulfone-
like polymer selected from the group consisting of polysulfone, polyethersulfone, and

polyphenylsulfone.

9. A method according to claim 5 wherein the hydrophilic polymer is selected from
polyvinyl pyrrolidone (PVP) and PVP copolymers, polyethylene glycol (PEG)
polyethylene oxide, polyvinyl alcohol and polyacrylic acid.
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fl uoropol yner selected fromthe group consisting of
pol yvi nyl i dene fluoride (PVdF) and 25 PVdF
weopslyites s. 8. A nethod according to clai m6 PEABR007/000979
t he hydrophobi c polymer is a polysul fone- |ike pol ynmer
sel ected fromthe group copsi sting of polysulfone
pol yet her sul f one, and g% enylsulfon

10. rrétmcimé@@@r(hn&@) laine altarts Uiddraphi wepqwa?rdaﬁlwaﬁ%r -soluble
nyl pyrrolidone (PVP)
pdy%ﬁ‘éfy lhd?grplé ﬂ)ﬁe}}goqy&&l%p coﬁ&llye\r% gl ycol (PEGQ
pol yet hyl ene OXIde ponV|nyI al cohol and pol yacrylic
acid. WD 2008/ 006173 PCT/AU2007/,000979 -22

. A .
11. meh msthodeserndinggo #BY ePaphiie Piicertiap flaps W@ﬂ%gﬁﬁ%‘mﬂe 18
in th%g%}é?‘g% a }15110%7 ‘ﬁ%feetﬁerﬁgﬁl Qltﬁbul%ﬁ‘lbﬁiﬂb dH At ShdetlfREbrane.

ymer “or copol yner . . A nmethod according to
any one of the preceding cl al rrs V\,herel n the menbrane

12. I,T%@p’g):qg agcgf; 1{11&%&1 a&%rget o%l ow f ng %lilms Wh% tgé YR nes

are %ﬁqgérgﬁ t@/e?ﬁ%mgﬂﬁeﬁ)r ltetiz%tt&i fefdtags.cl ai s wherein
rahes are dry menbranes, wet nenbranes or

rewetted nenbranes 10 13. A nethod according to claim

2 wh int
13. blﬂ%@legg’%é‘fzc ](’j‘@l gi% gﬁvgger%%ﬂ rgﬁsrrlg u es?grarfe&ged
in bARAIELSr OIS J¥oR U E&lovaﬁbreenmm;i spﬁﬁb\lvdmmﬂgnbdnlemy
one of the preceding clains wherein the polyneric
“nenbr ane |s a PVdF/PVP bl end nmenbrane or a PVAF/ PVP

. A TP HRCE s st O g

methPMBE il 0PV EF /PU@‘SﬁendhﬁeIﬁbfmé bod PACEMAP nogpalymed Hemd mhembrane.
wherein the nmenbrane is formed by diffusion 20

i nduced phase separation. 17. A nethod according to

5.8NY me@l"?od ocdid ngllgHB eRgd 1qgwl§éréig'@e WBSHEINR i fH8mBObHYdphase

poI ne 1s treated 1 Mmedi ately after
lnvﬁﬁﬁh@ﬂgmaf extrusion. 25 18. A nethod according to

claim 17 wherein the porous polyneric nenbrane is

treated imTedi ately after casting or extrusion as a

16 Nag B 2Em 1159whe&\elﬁ%é1ﬂlem@mrisi forahetl By a@iffusion
ne of The precedlng clainms wherein the source of
induced phase separation. :

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

polymeric membrane is treated immediately after casting or extrusion.

18. A method according to claim 17 wherein the porous polymeric membrane is

treated immediately after casting or extrusion as a nascent wet membrane.

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

monopersulfate is potassium monopersulfate.

20. A method according to any one of the preceding claims wherein the sourced of
monopersulfate is potassium monopersulfate in conjunction with potassium hydrogen

sulfate and potassium sulfate.
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nonoper sul fate i s potassi um nonopersul fate. 30 20. A

nmet hod according to any one of the preceding clains
wob@smedd173 he sourced of nonopersul fate is potBGEFAUZ07/000979

nonopersul fate in conjunction w th potassi um hydrogen

sul fate and potassium sul fate. WO 2008/ 006173

PCT/ AU2007/ 000979 -23 21. "Amet hod according to claim
21.20 Anmethei acediding du eleim 8P wherein dresionrgtad mogopemsyliase & a triple

f HSO4. K2SO4 22. hod
Saltzofﬁ?ﬁlﬁg%@é%ﬁﬁ%?@ he precedi ng cIAainerrts \%her ein

the concentration 5 of nonopersulfate is in the range
of 0.Iwt%to 1Om% 23. A nethod according to any one
22.of Ampeghed accetringtocan ang ohMesy BEspdingclaigpcrinrsinhcipncgytration
| f. IS, oD. 2wt % to 5wm % 10
OfIgg&ﬁ%%ﬁrlewf&ghg%lgg?d&%n%f%ﬁg&%%el%/%f t he preceding
clainms carried out on a dry nenbrane. 25. A nethod

according to any one of the preceding. clains carried .

230k Torihad peeREting e e theyesnsine A kTR @%ﬂ%ﬂﬁaﬂon
& 9fn 1RGaiYSHVIWAY, &) AbiT5. Wherein the porous

Of%g? rresrul(l)% r%en%r anael&lres treated wth nonopersul fate in

the presence of 0.004%to 0.5% chloride ions. 20 27.

A net hod. accor.ding to any. one of..th recedi ng. cl ai
24 rBr o8 AREOSIPB IRy et SIafins @rtfedicl gn Y
mefReRersul fate in the presence of 0.004%to 0.1 %

chloride ions. 28. A nethod according to any one of

the preceding clains wherein the buffer or base 25 is

bi gar bonat e arbonat e or..m xtures thereof .
25 e SBHRAL B PR X e oS el AR E e S o rewet
melRdsshekS bi carbonate. 30. A nethod according to any one

of the preceding clains wherein the buffer or base 30

is present in an anobunt of fromO0.3%to 0.75% 31. A

g Nt C .
e e A L S L R
polgesid Ghidrhbrene is treated with monopersulfate in the presence of 0.004% to 0.5%

chloride ions.
27. A method according to any one of the preceding claims wherein the porous
polymeric membrane is treated with monopersulfate in the presence of 0.004% to 0.1%

chloride ions.

28. A method according to any one of the preceding claims wherein the buffer or base

is bicarbonate, carbonate or mixtures thereof.
29. A method according to claim 28 wherein the buffer or base is bicarbonate.

30. A method according to any one of the preceding claims wherein the buffer or base

is present in an amount of from 0.3% to 0.75%.

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

monopersulfate solution further includes an additive.
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WD 2008/ 006173 PCT/ AU2007/ 000979 -24 32. A nethod
according to claim31 wherein the additive is an

wee@ania7aci d and/ or a netal ion. 33. A met hoRICT/AU2007/000979
according to claim32 wherein the organic acid is

citric acid. 5 34. Arrethog according to claim32
wherein the netal ions are Afel ected fromNit+,

32. andi negeod agsordingrietcke Hovlkreinibe additivsis 98 opganiqret and/or a
met%g ciedl ng clains carried out at a 10 tenperature of
PWeen 5C and 95C. 36. A method accor di ng to any one
of the preceding clains carried out at a tenperature
of between 15C to 60C. _15.37. A nethod accor.din
33. an§9x 1BpBod ACAOFENG FLElatm Ag ez the, gReAnis ?‘Pl hsem%r‘?g}‘{ane
is contacted with the nonopersul fate/halide solution
and is allowed to absorb the solution. 3 8. A

34. hyAmegtinid dcsendinzoloyiam 3 whereimdhénetdh éonserhedectsiciooni Mg,
Q%ngn)elﬁone of the preceding clains.

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

temperature of between 5°C and 95°C.

36. A method according to any one of the preceding claims carried out at a

temperature of between 15°C to 60°C.

37. A method according to any one of the preceding claims wherein the membrane is

contacted with the monopersulfate/halide solution and is allowed to absorb the solution.

38. A hydrophilised polymer prepared by the method according to any one of the

preceding claims.



