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menbranes to control the water perneability thereof,
and to treated hydrophobi c/ hydrophilic pol ynmer blend
menbr anes prepared by the met Aled. The process is al so
suitabl e for cleaning polyneric nenbranes BACKGROUND

ART The f giORUPERSUBFATE TRESTMENT OBMEMBRANES as
an admi ssfTon of the state of the comnmon general
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Hydrophobi c surfaces are defined as "water hating”
whi | e hydrophilic surfaces are defined as "water
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tﬁOH}n&%‘?%eé‘Iemir(%‘iv?épg?. In the devel opnent of water
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; 8: UpGaldingy ﬁl}fwr&ﬂpfg RESHIWGHIRRE b} hykirEPHOBEE AHRES LR RSmembrane.

Hydrophobic surfaces are defined as “water hating” while hydrophilic surfaces are

defined as “water loving”.

Tt is well recognized that the hydrophilic membranes generally suffer less
adsorptive fouling than hydrophobic membranes. However, hydrophobic membranes
usually offer better chemical, thermal and 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
pyrrolidone membranes and polyvinylidene fluoride blend membranes with Cl; as

disclosed in US 6,596,167, for example.
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pyrrol i done nmenbranes and pol yvinylidene fluoride

bl end nmenbranes with 2 as disclosed in US 6,596, 167,
for exanple.The present applicehkt has al so previously

expl ored the option of hydrophilising nenbranes by the

use ofl hepfwentwppﬂfm't 1«? aﬂmlﬁrbﬁ&és_lﬁ Bflé;blofé_ﬂ tﬁ@ﬂﬁtﬁitﬁ'to?hy%lropgﬂising
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for a sinple process to treat ne anes crease

t hrdraphadic/pyedraplabic nembrades i s i mportant that any such

chem DMepfio R Fiettsin QoA D B hier AR PGSt o reat membranes
| fTpi@cieadt the Rater HBEndabARY MRIY itiSorBft §aBnyube fr&g%ﬁ%gﬁ%oes not

possi bl e. Further, given the extensive use of _
peigirishithe meehsnisaber dthenhtmical ploperies ofithe imtentsatd. ghisyalso

desi ' reat nent  does. not introduyce the us .
of sl Bk e SRR B Bt PRGRHER PPt e yen the extensive
S peCofeBrousipdlyandrRIEAbRANE MRS Mthtion, bt ik HighlP@esHhgB ipihe
desirable froman efficiency point of viewif the _
piefiReRisloes gpt intradugerthe Pateasalbatoxieoremylroyaentilly ur;fnendly
0 fiCl exanple, in the cleaning o
Eng%gﬁggsléﬂégéf%@¥%ﬁn%§g%rding to a first aspect,
t he i Hyealso bighlyrdegiralds fientai éf?dieﬁéy Poigt sk _Effjthé‘ ﬁrlo@esses for
ol ynmer ¢ rising the step of contacting said polyner
\?ﬁf?%m& f%%’g‘?qpe%escf@n cekysdin giher bensheiabwhyry farterample, in the
PEEMIRS oMbRAbHAREY.) to render the polymer hydrophilic.
More specifically, the invention provides a method of
i nproving the water permeability of a porous polymeric
BERAE conpri sing the step of contacting said porous
s (LR LEIN brane wWith a source of nonopersulfate
( cont Aedordiglg & fiRRRGHESt, IR MOBTHoR PREVE bl By ilisi
I n_anot her %spect, a?érfg i nventi c())n pr ov% esea net E%go%l}l 1smng a
Cpcggﬁpw1@r§mg stgploy genthating said polymer with a source of monopersulfate

(contacting the polymer with HSOs") to render the polymer hydrophilic.

More specifically, the invention provides a method of improving the water
permeability of a porous polymeric membrane comprising the step of contacting said
porous polymeric membrane with a source of monopersulfate (contacting the porous
polymeric membrane with HSO5").

In another aspect, the invention provides a method of cleaning a porous 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'). The membrane may be fouled with organic matter, inorganic matter or a

combination thereof.

Preferably the porous polymeric membrane is a microfiltration or ultrafiltration
membrane.
Most preferably the polymeric membrane is prepared from a blend of a

hydrophobic and a hydrophilic polymer.
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menbrane is a mcrofiltration or ultrafiltration
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pol ysul fone-Ti Ke polymers such as$™ polysul foné, _
pmlyelnqmalsglfommne and pol yphenyl sul fone. Preferably in

bl
hycir obRRAS B i BB oS BBl ot g A hoipppilic
algflyﬁVR eﬁgﬁ@elb'gi)i:iyr rr(ﬂigllbﬁ@(ft]vﬂ’)eégﬁcfg{%lé olfrﬁgg?:p;ol ethylene glycol
p l%ﬁ%mé'eﬂ%éeuei quéde ngwrwl @%@hcdbpq)yaqﬁﬂlmw% @tmhb ma;; VlF\)@st
I roli.done
Sﬁ“sy%%ﬁ? SR e ROl B R b B RS B VP) and

pr’P@Dpdﬂlymemepared from bl ends of hydrophobi c and

hydrophi li c nmer.s. The ratio of hydrophobic

pg| y H Pﬁfa\lgm%%’/m%c BEmprANCS aye Hrﬁ%ra&isr piepared fomblendsort

t

rTERbE e PRARGHRNG AR, heidol fydlodicbie polymenydrophilic
ppayeseai tgxe pcbiemeab]lend peoBtoIn¢mb@nd pieparktien cat bl td 0.5:1.

SRR LTS R0 bl poLYIEE Recause e, o s,
TSy e i
tp@wngm@um delaibre tp.the podyntef hydrophobic polymer during membrane
formation. However, if the membrane is hydrophilic, then some hydrophilic polymer
has been retained. All things being equal, a higher starting proportion of hydrophilic
polymer in the polymer blend will usually result in a higher level of incorporation of
hydrophilic polymer or copolymer in the final porous polymeric membrane.

Where hydrophobic/hydrophilic membranes are discussed in the specification, it is
to be understood that the hydrophilic polymer or copolymer is present in the membrane
in an amount sufficient to impart hydrophilicity to the membrane. For example, a
PVdF/PVP porous polymeric membrane will have sufficient PVP to impart
hydrophilicity to the membrane.

Preferred forms of the membrane are hollow fibre membrane, tubular membrane,
or flat sheet membrane.

The membranes can be dry membranes, wet membranes or rewetted membranes.
The membranes can be individual or arranged in bundles or modules such as hollow

fibre modules or spiral wound modules.
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i ncorporation of hydrophilic polyner or copolyner in
the final porous polyneric menmbyane. Wiere _
hydrophoblc/hydrophlllc menbr an€s are di scussed in the

speci fi cati qn, is to be understood that the
hydr o ot pﬁef?falplynﬁbﬁ hydropholie hrdserhibic plead apgmbranastage PVAF/PVP

MR binébr VP Ué%dlg&%l&%fme%?an%s Preferably these

hydrophilicity to the ne exa
P‘ﬁdﬁﬂﬁmsw founnie by yphadednversibh proeess b1|1d h@.‘z‘@referably by diffusion
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fibre Ilﬁ‘"@ @R%nedteﬁ{%hﬁﬁe {gﬁﬂ%ran@g ate! t?erateﬁr]ﬁﬁﬁed%ately after casting

menbr ane. nbranes can ry nmenbranes
n@hbxtai@m &Tefe@hbt the dnarehrbncarmescast ﬁmuﬁéfrlﬂ/ﬁﬁ@s(oﬂhﬂdlb’PVP

B 50, TS G B s
p M&lﬁ(&f i8 Bhiyher Stashdayid aGRRA DAk 1B )p%dﬁ@@ hlnh&cetd @@ﬂnembrane

menbr anes are PVAF/ PVP bl end nmbr anes or
copol Vini¥s pretengd sarhediames,. th@h:etreplabsuyg trhawnmwbmdem on the

L e W

Psedfre¢ abiyndpeesulfaretin apRs t@éLrydGy ekdatBent! floQRE
prefe% d embodi ment, the menbranes are treated

i mred P EieRhly dhe Benepessulfyy is addsdiin day form OFﬁraéfaeumls yolutien of
copol eél’glﬁ§ VentMggth%fg\égg/tﬁé/ Eloglgé?r Fa’t:é F a.dfl%d %S potassium

n mmlspd:rstdfate |and & pzraﬁrabﬂ]y hadonjumotionvvith potassibi iyldedgen sulfate and
washed in to produce a_nascent wet

BRBrwa Suftey ﬁ?@efaﬁﬂ&ft Rt fogentrabien ofgonopgrpeiate is in the range of
hmdwmlllowmgaﬂdﬁa&t'ﬁ%&%m'bﬁy G0, &5k, on the nascent

wet nenbrane. In this case,” the nascent wet nenbrane
is co Atltgmaguelw thiy pepcessLoan be orried nopat s dhf mtabtane oTHe dry

t the tre trrent Mrocess. bl
m%lr?%%er S pr%paé Wg p]rquﬁﬁe&feﬂ; @ﬁﬂ%@gg drying without

s pbretfiling @genﬂﬁmmen@ ot gﬁﬁﬁt aBitHISwithVR pbreliIBhE 5%&2%{1;& BBcerol and

nmonoper.sul fate is added as potassi um honoper suf f
aﬂ’&nidglﬁg-ef erably in conjunction with potassium

hydr ogf0 R ldsHdy A9%e 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 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
responsible for enhancing the oxidizing ability for the hydrophilic polymer. The most
preferred organic acid is citric acid. Without wishing to be bound by theory, it is
believed that the metal ions are as catalyst for the monopersulfate for oxidizing or cross-
linking the hydrophilic polymer. The most preferred metal ions are Ni?*, Cu?* and Fe*'.
The concentration of said additives can be between 0.01wt% and 1wt%, and most
preferably in the range 0.05wt% to 0.5wt%.
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process can be carried out on a dry nenbrane. The dry
menbranes may be prepared by ope of two processes,
either by directly drying without pore filling agent

treatment, or by first treating with a pore fillj], .
agentPrelprablyythy Sisrignent payrieth apt %%?m@?raﬁﬂﬁ&%%% ﬁglyd 95°C, and
I d nbr anes. These are

%&%Pgﬁggﬁ?ﬁ%?%h%%eﬁggeﬁﬁg?(either with or without
por e Hréfetabhgtha geemBramnid cohiacted evithtthe chonppdrsulbateesolgsion and is
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believed that the netal ions are as catalyst for the
nonoper sul fate for oxidizing or crosslinking the
MYHEBDST MEFSIQDOF PERFORMING diHHL INVENTION | ons are
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nbodi h . ' Ny
A g b RSP SHARLIhE af that bl Ul bl ol RS ¢ ©
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the invention provides a drophili sed po r ..
The active ingEedient in Oxonfr:]@y is KHSOs. StrucnrlJraJl}{r]cEe monopersulfate ion is

represented as follows:
0]

O— :S:—— OOH
0]

In solid form, Oxone® exists as a triple salt of formula 2KHSO5. KHS04.K>50;4

In preferred embodiments, a mixture of PVAF/PVP or a mixture of PVAE/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
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The invention will also be described with reference to

t ien wash leith tneodweTaaTastenlt Ivgt memibraie! &hrnaspet wetl hetherane is

source, Oxone(r),. I etary. P d whi .\t

c R TRt T S 6e Suiting 0458 sl R BYGH conditions
SYf EcentARdn PRSI hSIiMB! The ¥e aniyivh¥eUh thdd@nge of from 1
appreci ated again by those skilled i'n thé art that any

sta 1QGdnldecasbgradipisiofl byrdnopdstitsen éfzhase aHS@Eddkan be used.

The agtive i redi ent. in ne(r) .i.s KHSO .

5 Sty ucigs s epR EnRRlipiens QAP BidsbntiRventiopdbs membrany is frst
f gllldvosiBto aBsdrb thé®Rorfe®Holutioh lafd 8@ sotlitionr sadeDnanetrage is then kept in
exists as a triple salt of formul a 2KHSC5. KHSO4. K2SO4

| AWt sipierfpora periasefi greaterstham | hours plerogm tepgeapipe Shis grocess is
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piepasfipesnl it ackdon éorangvatatimethernrbtidvied éonathe salition and simply
as required to produce a nenbrane dope. The dope is

10 ¢ kent wed dor IPPﬁeéhaél K hqurg heet menbrane or extruded in to
a hol bawelidnenBinRY gQ{flite ! (fLbfrh 4t HATR daR P Q/ﬁﬁ'ecpﬁlﬁkﬁding on the

separation process I.e. tHe casting or extrusion takes
plemgeeratnteo Suitshle trabienhtimes cdnnge tyPively fioe: madfidor bove to 24 hours

SetroRlpetndt FeG e o AL TGH P ot Pt Jah HyF iy g Ebe s

extRANGRr WPEdleraBIY; SRIIKRRF nefh] for3WAA Ghodas idnaud aHA& to the
menbrapne i s then washedin a wash bath to produce a

15 n&xoent sohationterfarilitate. tha treatmestinecesze Onge thsrmagmabrage has been
%%té?,lﬂg gad{]tggr? b%{iriea éfld rOWie ::leal%ggé% lgfotc%:%ggh%%ett %e%tﬂ‘gne 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.

20 In addition to treating membranes to increase their permeability, monopersulfate
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

25  solid material in the membrane pores or on the unfiltered side of the membrane.

It 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
module decreases and the amount of pressure required to maintain a viable throughput of
liquid increases. As pressure increases, the likelihood of membrane rupture becomes

30 more significant.

In some cases, the water containing impurities is pre-treated with a flocculating
agent prior to filtration to coagulate disperséd colloids into ‘flocs’. Flocs have the

advantage of entrapping smaller colloidal particles, thereby making filtration more
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preferred enbodi nent of the present invention, the
menbrane is first allowed to apsorb t he Ckone(r)

sol ution and the sol ution Ioaded nenbrane is then kept
in a wet state for_a period of ier than 1
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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® solution. The Oxone® solution is then allowed
to run through the membrane module to carry out the cleaning. The Oxone® solution
may be recycled through the module, or allowed to pass through the module just once
before being run off to waste, depending upon the particular requirements of the system
and the amount of contaminants being removed.

The CIP procedure can take place at ambient temperatures or at controlled

temperatures outside the normal range of filtration temperatures. The CIP can be carried



l'iquid increases. As pressure increases, the
i kel i hood of menbrane rupture beconmes nore

wa@e@niobélieant . I n sone cases, the water contai NPEMAU2006/000997

10

15

2

(==

25

30

impurities is pre-treated with a floccul ati ng agent
prior to filtration to coagul age dispersed colloids
into 'floes'. Floes have the advantage of entrappi ng

P e R A B RS P TBEL N AL e usa
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passed t hrough t he £il tratl on unit under pressure,
expelG] Pﬁ@nbp Frsied quirapaally ey by sagann gf Ty apissnagesesystems which

SEEARE D ML UML) SRR Ak Oerin
nemdst ane. Fl oes are particularly probl erratl cal in

R R AP T B Bl B0 S e
%&ﬁ%ﬁé%&@e@ﬁ%ﬁ&nﬁﬂaﬁe ﬁi%ﬂt?l'é?ﬂ§§escr-m§i Y LR N 59@73 Be contents of

probl em depends upon the anount of | npurity,
rvettichr weoﬁcmated]harem by mfctemae Theprodifle mhldnem’sheihmthm which is

eBrHEE iy dihin Trorh A D i b GO Boyqgfes wi o

i stk S6 0088 185 C 18 268 Btlﬁﬁbﬁ‘ anhtdro@ D50 /) 0B L@ 6vith a pore
however, it is difficult to achieve conplete renoval

sizepdi0:d wa bietehesatsizes map dpaetied asreqpiesd. fYlgwbiang apd module

13 e R 5B IS RELn A SRS NRLELBTE cthbded with the

nmono

pﬁéth@dwméﬁrrs@bmbmﬁﬁﬁn@r asQ(!@]’iﬁt( dpbrecma&bybmkﬁlm&ld theoart.
[ | eani ng foul ed menbranes.

be ver usef i n
met hatfs® e i@f e shesripundlsy a o ting coRmO b%léather?nds of the fibres in
Wdu@ﬂlo%hg ﬁ&&dd‘&oé@togf’é&% QB of Bk niriufe. The liquid
I'ng net aol e

one clea sui t carrying out
Teécbm mungped matp tacaddl €l iR weedl the ishalrlcdndethe citsidafithethodlow fibres.

gq_ln% %}n tg% ge%g {qgﬁl\g?atg?q%gﬁo tl?enPu\rlnaeln of thenﬁllartess bre]&rgrﬁ{erec{] 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, a solution of monopersulfate anions 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 monopersulfate treatment could clean fouled

membranes such that their permeability was returned to, or close to, pre fouling levels.

EXAMPLE 1

A PVAF/PVP fibre was treated with a 1.2wt% potassium monopersulfate (Swt%
Oxone®) solution at a different temperature for various times. The results are given in
table 1. Permeabilities are given in units of LMH/bar (=LMH/100kPa), which is
familiar to those skilled in the art, and represents the flux of pure water through the
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In general ter

ns,

one formof CIP cleaning involves

isolating the nodule to be cl eaned by neans of taps
wae@7poqes and the like fromfluid conmuni cati POT/AULIV6/000997
t he remai nder of the system The water or liquid

normal ly filtered is then repla
an Oxone(r)

fluid, in this

O T

case,

ed wth a cl eaning
sol ution.
owed to run throu
ReF e@Rrygretra () of membrane per

The

h the

Oxe )at$%yaﬂiﬁﬁggpéé5@§(ga§):ycl ed through the nodul e,

or allowed to pass through the nodul e just once before
being run off to waste, depending upon the particul ar

r nts of the systemand the anount of

contam nants being renoved. The CI P procedure can take

p| Te&at@dentATRlceNt penplerajurgs of atf coptr qr e 1 24
t enperatures ojutside [the norimal rarnge of fliltratifon

t prper res. [The CIH can bg carrigdout fqr varying

| pngtts—of —tine—and—at—pressurasodvt-si-de—the—rorial

range of those used for filtration. Once the cleaning

Is Permédilad, [thegosySte S [TT{gRped T EIovV r@CES

of the Oxong(r) sol ut|i ozg%eforlg)%gei nngr{:tLrnZ%}t

ser vi deijng recdnnected to the normall fluid|flow
grP—Tcanbe—carrietd—ott r‘.'anucll“ogr by—reans—of fUl |y

aut omat ed systens which activate-in response to

pIr epsth@bHity T gf e al[s or aTte;O(pr Fdetr er mynegh, 10 'uL@O 900
operating tinmgs. One [exanple of a nodul e thali can be

cl ea@é@l‘lﬂ?@‘s) bganks of (hol |l ow|fi bre PVDF nenbranes
housed—nrenbrane—nodutes—as—desecii-bedinUS

6, 159, 373, the contents of which are incorporated

her ei i chiy bé e P ansd #ft .

Dt i Do bE chiin G teiierfBAN (0"l pln ngi1 Y} Was achieved

atferrtarapd @ haywrs b peaoedsbityd L0SOWVLHNIPass wiltstantially greater than the

RS R PR AT BeBi 05 e o

seen that

t yetiauRipeaseability bes walibad tr 1 24bidked. Menbrane and
nodul e configurations different fromthe one descri bed
above may al so be enployed with the nethods of

Ph&IANIPES £nbodi ments, as will be appreciated by one
s‘mﬁ?d_rEWthe art. At each end of the fibre bundle, a

pot t i Agaceypd difterél rksmbriage odsaleovetdteeatddowES theOxone® solution at
various concentrations for 24 hours at room temperature. The permeability both before

and after treatment with the monopersulfate solution was measured. The results are

shown in Table 2.

TABLE 2

Oxone® concentration Permeability Before Permeability % Increase in
(wt%) Treatment After Treatment | permeability
5 147 273.8 86

5 144 252.8 46

2 147 259.6 77

2 200 299 50

2 177 314 77




pl ace wi thout bl ocking the lunmens and cl oses off each
end of the nodule. The liquid feed is punped into the
wonaalaesiobet ween the shell and the outside of PEEAU2006/000997
holl ow fi bres. Some of the feed liquid passes into the
l umen of the fibres, being filtered as it does so. The
clean liquid then concentrates™"n the inside of the
| umen, and flows, or is drawn off and taken outside
t he nduaell easeasthe peimeabflityef the madale was swbstanidally inéreased subsequent
CIP tre tion of nonopersulfate anions is
?Pg)uﬁggﬁﬁﬁéngéggh%f the untreated |iquid stream
Fbmever those skilled in the art will realize that
the flow could be introduced counter to that normal |y
udXAMIHE 3esul t s obt ai ned showed that monopersul fate
s Lreat Hﬁto ?1%%2% ﬁi&l%?&df ZG/dO%Hgﬂ ntSfUP B hbﬁ@t re Q/E& and stored
per meabi y was re urne or close to, pre foulling
| én elpastiEBAdVitlr B4 ]noArsI%‘f/ddHniP’téBlﬁelrélm wigtsout deaie dThvd pedmaability
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the f.lux of e.,water. thro

10 ¢ oibafionBe oo FaStomise MenbaRe radPeepio el Lo n sheets or
MB36# Tebr&edr JAABE tiehied 3 bindd ordhddigy Pressure (bar).
TABLE | It can be seen that at a tenperature of 40C,

opt i manvestgatioasiof the;trea/eesl lmmbren@canéfm@uleﬁrmdmdeckthat the mechanical

hqur 80 LHM Pa i

o o R pRERRAR e e ot PR e bbb a5 Pt break
3 CfoﬁcHMl&’Breale\bx’&ni16ﬂ%f@ﬁnalteredfby25@rﬂoh0p@§ulﬂ@e segmehthat
opti mum perneability was achi @ved after. 17 hours.

15 EXANP@ECQHSA of e natyre of thei Pxanee selutianvhisl carpbreadiiywemoved by
t rtﬁ@%vﬁﬁnfé% &ghtltngﬁté %&% e%l(MF' toi' @ﬂ*‘ Iﬁgmﬁlt%ﬁikéj&ﬁl be used f the filtration of

concentrati ons ours room tenperature. e

p elrimizaiyi wateryasbedlhastief onsie &mﬂbraﬂeaMem.r eatnment with the
nonoper sul fate sol uti on was nmeasured. The results are
shown in Table 2.

EXAMPLE 4 Transition-Metal Activation of Oxone®

20 The ability of transition metals to activate Oxone® was investigated. PVdF
membrane bundles were placed in treatment solutions, which had compositions as
shown in Table 3. The permeabilities were measured at 2, 4, 6,8,10 and 24 hour

intervals.

25 TABLE 3: Transition-metal/ Oxone® solution compositions

Fibre [Oxone®] / wt%o Additive wt % of Additive
PVdF 2 - -

PVdF 2 FeS04.7H,0 0.003

PVdF 2 CuSO4 0.0017

PVdF 2 MnSO4.H,0O 0.0018

PVdF 2 Co(C;H30,).4H,0 0.0027

PVdF 2 KI 0.142




TABLE 2In all cases, the perneability of the nodule
was substantially increased subsequent to

woreougpedisul f at e treat ment. EXAMPLE 3 A nodul e BEBAU2006/000997
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imersed in a 2% Oxone(r) solution for 2 hours,

renmoved and stored in a plastic bag for 24 hours at
roomtenperature wthout dryingl- The perneability

i ncreased from 188 LHM 100kPato 332 LHM | OCkPa. The

pr oc eShemesuley are Slouwint Kighe 1o vhivhtillvgrasds permeabélity vagetions over

of. p n pH 1 and pH 10. The process is
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can be treated sin 1)1/ . 1 n sheets or hollow fibres
oirow fh). fichas beert estblis dﬁjndhaahtemﬁurqﬁmm Ceod]I) oxidises to Co(III) in the

I nvesti i ons e tr
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PORBEID keProdiic dﬂ&oﬁﬁﬁ%@tﬂﬁﬁe raflitaly. BSs bdlRvbdibak thepalfite radical is
break force and break extension were unaltered by the

nﬂwm@@feﬂmmgb@nm} thetreastipns Batimpsevedrermpebility: Howeser, thee

%glﬂﬁ%lﬁg% y ea t@ raz%%]él qamﬁ@[] err ﬂ%ﬂ tﬂlé’ s{ﬁ'@fﬁﬁ%ap ¥h\fsri{sls assumed

behatiis ehds heligivle conttibiitidn tcmh@feaﬁfdnrskhage.\JaWag thes dwﬂéd to add
as for waste water_ treatnent

TFe(ARiR P AtvaRtEP rodiier (R{THR Gpgﬁégﬁlﬁéowﬁ@f% radiqals were
: hﬁ»‘&ﬁbé& ﬂ&ngﬁé g%g‘l}:e(@’ne'lifﬁost ﬂré/a?ltngnt% fhéd W@ﬁ‘ r the lgV_dF fibres.

vestigate rane es wer e ace In
treatnment sol utions, which had conpositi ons as shown

iwﬁer ilities were neasured at 2, 4,
622 pgio a0eS TABLE 3:

Transition-nmetal/ Oxone(r) solution conpositionsThe
results are shown in Figure 1, which illustrates
pEouted BVIdiFt‘RNR/ bollaw iﬁbrasmcmbrancs werefisatePalowaditoseak) over a 24

t h d o
G\ﬁﬁw ol Pl 1ol el 5D S vt T 0 FroB R 2R BOBGbdm
atRed1addhe réﬁlgamauérﬁpérhtafe (ms Han)4°Oxi di ses to
Co(I I1) in the presence of Oxaone(r) é)ﬂgroduce sul fate

radi c &t sefiigerateddempysptures) affes dd derst & 3¢gPhq ncigaghin permeability
was obtained (Figure 2). However, after 24 hours, all the samples at room temperature

showed a 100% increase in permeability (Figure 3).



Oxone(r) to produce peroxynonosul fate radicals. It is
believed that the sulfate radical is the powerhouse
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However, the peroxynonosul fate radical is much weaker
than the sulfate radical, thus it is assunmed that it
has negligible contribution ti2-the reaction schene. It
was then decided to add Fe(ll) in an attenpt to reduce
@EAEM'S) to Co(ll) so that nore sulfate radicals were
produced fromthe Oxone(r). This treatnent perforned
well for the PVAF fibres. EXAMPLE 5 - O eani ng of

nbr an opl ed RVAE/ P g ane
Tea é‘&eﬁﬁ%‘ff’gw&()‘{%g g}éea‘&%%elg@églrn gé%lgﬁ%ﬁ %{gl’tl oljg %Ytter%@mbr.

SxpHEEaniiod Pbioasipolginefic mewttanelothpaisiteahe stemwisntacting said
both roomtenperature 21C and at refri at ed
penopepelymerc mresabyane with 3 sgyrce 2? mP’é?R‘?fi!ﬂg‘i% ed
tenperatures, after 24 hours, a 30-70%increase in
pernmeability was obtained (Figure 2). However, after
24 hgunsthodhtcordieg saapl @s ofthe preeadingngainzs whaseis Hlayparows

100% i ncrease in per iLit Figure 3). IMS 1. A
RelyRsEC srem %\?i%’f@l“f%{%mﬂe& “été?'fﬂ@%(?rf ﬂ)nﬁ%ﬁ% “a porous
pol ymeri c menbrane and/or cl eaning a porous polyneric

menbrane conprising the step of contacting said porqus
ol ydemethoderocadimgtd ehy ensefiplamsdiorowbpendie pelywerio

SRR IS b P 5 e

mcrofiltration or ultrafiltration menbrane. 3. A
net hod a accordi ng to any one of clajns

. or 2 wher e
the pomgthediaccordingrtaalaimd vmeé@aﬁleeohw‘a?héwg%@d? sgjected from
dr ophobi d.ca h il : .
HEER0P o T PR HDAHRRB, pEREtRiEe iy S ithides

ifp%ly%@fyﬁﬁ’érﬂés rdopoliviaylghlotige.consi st i ng of

| uor opol yners, polysul fone-1ike polyners, polyimdes,

pol yacrylnitriles and pol yvinylchloride. 5. A nethod
corgi ' narek et OPHRR Solpakyiar

?5(5': a ‘ﬂ’fﬁg‘}"téigdéﬂ’/@%{ﬁtéé’r%gt e frrlom t hygeifrgr oup %Oo%gi stin

huopshofstnenelattaieidrh durdrde ¢@¥isHnE ahpolpuiaFlidespdlughs ©VdF) and
PVdF copolymers.

6. A method according to claim 4 wherein the hydrophobic polymer is a polysulfone-
like polymer selected from the group consisting of polysulfone, polyethersulfone, and

polyphenylsulfone.

7. A method according to claim 3 wherein the hydrophilic polymer is selected from
polyvinyl pyrrolidone (PVP) and PVP copolymers, polyethylene glycol (PEG)
polyethylene oxide, polyvinyl alcohol and polyacrylic acid.

8. A method according to claim 7 wherein the hydrophilic polymer is a water-soluble
polyvinyl pyrrolidone (PVP) polymer or copolymer.

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

membrane is a PVAF/PVP blend membrane or a PVAF/PVP copolymer blend membrane.



6. A nethod according to claim4 wherein the
hydr ophobi ¢ polyner is a pol ysul fonelike pol yner
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pol yet her sul fone, and pol yphenyl sul fone. 7. A nethod
according to claim3 wherein the hydrophilic polyner
is selected from polyvinyl pyrddtidone (PVP) and PVP
copol ynmers, pol yethyl ene glycol (PEG polyethylene

oxi de, polyvinyl alcohol and polyacrylic acid. 8. A

b T B R O

PedoBBérstlfaté Rk IR mSnoRrBhfa0d according to any one
of the preceding clains wherein the polyneric nenbrane

is a PVdF/ PVP bl end nenbrane or a PVdF/ PVP copol yner

bl end rane. 10. t h ccording to,a one o )
e o SRaBPR e g o Ry O wAERE B Pusfl thonbpersiitato i
pota i uhdrdbersilfatd f @hfideMOANHBRRAYhARRIrodeh: suffate and
nmet hod according to claim 10 wherein the 'sourced of
nBRgpeE §ikaee i s potassi um nonopersul fate in
conjunction with potassi um hydrogen sul fate and
potassium sulfate. 12. A nethod according to claim

11dherfeinmrtiddeacsadingdo ofaimmnopefeiitht ab@ck ﬂlohéﬂg]di’élﬁ‘fate is a triple
saI{) tgé) f%%ﬂ%ﬁsﬁiﬁ—gg 5- KHSO 4 K2SO4 13. A nethod
atdbptforgy Br-KeB@4 precedi ng cl ai ms wherein

t he nmonopersulfate is in the formof an aqueous

sol uti on of nonopersul fate anions. 14. A nethod

atZor dimethodacsording th3anpive @if thet frecetiipod aiisathedein e
rrr%no?eersq%faie jfs i n tEe range of 0.1wt%to 10w % 15.
AoBPRES IR e ot OEfinfgHeRs St of pemopersulfate anons.
concentration of nonopersulfate is in the range of
0.2wt % to Swt % 16. A nmethod according to any one of

t ke pAaeehphaccerdingrty dainy 1% whensin the condestrptrmadfimenopbrsulfate is in

b d 7. A nethod according to any one
oHRR AR B

eding clains carried out at a tenperature
of between 15C to 60C.

15. A method according to claim 14 wherein the concentration of monopersulfate is in

the range of 0.2wt% to Swt%.

16. A method according to any one of the preceding claims carried out at a
temperature of between 5°C and 95°C.

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

temperature of between 15°C to 60°C.

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

monopersulfate solution further includes an additive.

19. A method according to claim 18 wherein the additive is an organic acid and/or a

metal ion.

20. A method according to claim 19 wherein the organic acid is citric acid.



18. A nmethod according to any one of the preceding
cl ai ns wherein the nonopersul fate sol ution further
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18 wherein the additive is an organic acid and/or a
metal ion. 20. A nethod according to claim19 wherein
the organic acid is citric acid42 1. A method
according to claim19 wherein the netal ions are

sel ected from N 2+, Cu2+ and Fe2+. 22. A nethod

acGordj ng.tqQ any.one of.t recedi ng clainms wherein .
£ P ek BRuied -PeteiBR R feisy 15 viieia theieiripbhvrp sdleeisd fom N,
28R amtihdd according to claim22 wherein the menbrane

is formed by diffusion induced phase separation. 24. A
met hod according to any one of the preceding clains

rei ) olvneri nbrane is.treated .
o o e B Rt e Rt sk Wheragthoembran is
atemredibyg: plase indkisioddprsbgs.ei n the porous pol ymeric

menbrane is treated inmedi ately after casting or
extrusi on as a nascent wet menbrane. 26. A nethod

aegor i Agy : : ' 24 wherein th o
nembr anes gg gé‘{b\rf%lgg g%l&%g& g?)wﬂ%nlée ;n%&]g ﬁ%%n\,,\g]%? 15 %8% Iyetfusion
oindueedkphasel sepprdtioanes. 27. A net hod according to any
one of the preceding clains wherein the nenbrane is

contacted with the nonopersul fate solution and is

abh OWadnt@od RSkH '&?a@p ﬂétdf?llﬁb i QQ;F rdin
to any ,0n600f then%r ec d(l5 ng c a?lgrréed\}\@egg{f‘ﬁr%t %glﬁ?hepor us
medyrenie niemnbrang is érehiod imofedmtdip hftawaltiny @ exenkivane,

t ubul ar nmenbrane, or flat sheet nenbrane. 29. A nethod

according to any one of the preceding clains wherein
t be. mreﬁétaa@amrdiﬁg to/é16kpba heRld @B 8fbds§o}3wé?ic%§en‘?6 ane is
or spi u

modul es such as hollow fibre nodul e ral woun
nigiipd ynmediately ey cagiingor swiusper ssenaspens pat exbntbyartche
met hod according to any one of the preceding clains.

26. A method according to any one of claims 1 to 24 wherein the membranes are

treated as dry membranes, wet membranes or rewetted membranes.

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

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

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

in the form of a hollow fibre membrane, tubular membrane, or flat sheet membrane.

29. A method according to any one of the preceding claims wherein the membrane is
individual or arranged in bundles or modules such as hollow fibre modules or spiral

wound modules.

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

preceding claims.



