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ANTIBIOFOULING MEMBRANES AND METHODS FOR PRODUCTION

PRIORITY DOCUMENT

{§001] The present application claims priority from Australian Provisional Patent Application No.
2013901380 titled "ANTIBIOFOULING MEMBRANES AND METHODS FOR PROQDUCTION" and

filed on 19 April 2013, the contents of which are herehy incorporated by reference in their entivety.

TECHNHCAL FIELD

{0002] The present invention relates senerally to selective filiration membranes, and more specifically to

reverse osmosis membranes.

BACKGROUND

{0003] Selective filtration membranes, such as reverse osmosis membrangs, nanofiltration membranes,
altrafiltration membrangs, and microfiltration membranes, are used i a wide range of applications to
separate dissolved substances from their solvents. For example, reverse osmosis ("RO") menibranes are
commonly used in the desalination of brackish water or seawater to provide relatively pure water suitable

for industrial, agricultural or restdential use.

fO0041 One common type of reverse osmosis mentbrane 1s a composite membrane comprising of a
micro- to sub-microporous support and a thin polyamide ("PA") film formed on the micro- to sub-
microporous support. Typically, the polvamide fidlm is formed by an interfacial polymensation of 3
polyfunctional amive and a polyfunctional acyl halide. For example. United States Patent No. 4,277,344

describes the formation of a polyamide film using m-phenylencdiamine and trimesoyl chioride.

F005] Howewer, composite polvamide reverse osmosis membranes tend to suffer from binlogical
fouling which resubts from an accumulation of biotouling crganisms (pico-, DHCIC- OF MACIO-OTEANISMS,
DNA or viruses or bacteria) andfor associated biofilm forming matenials on the surface of the membranc,
thereby causing a vreduction in flux exhibited by the membrane and requiring operating pressures 1o be
varicd frequently to compensate for the variations in flux. Consequently, membwancs often need to be
cleaned chemically to remove the hiofouling and this can require the membrane to be taken off-line which

affects that overall efficiency of a filration apparatus.

f0006] There have been many suggestions or proposals for seducing biofouling of composiic polvamuds

membranes. Many proposals involve coating the polyamide laver with a polvmer or other material having

hydrophilic groups. For example, in United States Patent No. 6,177,011 it s suggested that fouling can be

reduced by coating the polvamide film of the reverse osmosts membrane with an clectrically neuiral

organic substance or a polymer that has a nonionic hydrophilic group. Another approach for dealing with
1
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fouling has been to ncorporate polyatkylens oxide groups onto the polvamide surface of the membrane.
For example, United States Patent No. 6,281,853 describes a composite membrane comprising a porous
support and a cross-linked polvamide surface having polyatkyiene oxide groups prafted thereto.
Unfortunately, polyalkylenc oxide polymers are not stable and arc casily oxidised in the presence of

oxygeen or transition metal tons, both of which are present in reverse osmosis filtrations.

[0007] We have previously produced a low-fouling composite polvamide filtration membrane in which a
sulfobetaine polymer is covalently grafted from the polvamide layer (International patent application WO
20117088505 ). Whilst the antibiofouling properties of this membrane were good, the production method

was not parficularly amenable to commercial seale production.

{0008] There is anced for processes and materials for preducing low biofouling filtration membranes

that pvercome one or morg of the problems associated with prior art processes and materials,

SUMMARY

[0009] According to a firsf aspect, there 8 provided a compostte filtration mernbranc comprising a
porous support membrane and an antibiofouling polyamide layver oo the porous support membrane, said
antibiofouling polyanude layer comprising a copolymer formed by co-polymerisation of an aromatic
diamine monomcer, an aine zwiiterionic monomer, and a cross-linking monomer comprising a plurality

of amine-reactive functional groups.

[0010] According to a sccond aspeet, there is provided a method for producing a composiie filtration
membrane, the method comprising:

depositing, on a porous support membrane, 3 mixiute comprising an argmatic diamine monpmer,
an amino zwitterionic monomer and a cross-linking monomer comprising a plurality of amine-reactive
functionsal groups; and

allowing the aromatic diamine monomer and amino awitterionic mongmer {o react with the cross-

linking monomer to form an antibiofouling cross-linked polymer layer on the porous sepport merbranc.

10011 In embodiments of the second aspeet, the step of depositing the mixture conprising an atomatic
dianine monomer, an anino zwitterionic monomer and a cross-hinking monomer comprising a phurality
of amine-reactive functional groups on the porous support membrane comprises depositing, on the porous
suppeort membrane, an aqueous tuxiure comprising the aromatic diamine movomer and the amine
zwittertonic monomer to forny mn mutial film layer; and then contacting the indtial film layer with a

mixture comprising the cross-linking monownser and a solvent.

]
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{0012] According to a third aspect, there 1s provided a cross-linked copelvmer formed by co-
polvmerisation of an aromatic diamine monomer, an amine zwitterionic monomer and a cross-linking

monomet comprising a plurality of amine~-reactive functional groups.

[0013] In embodiments of the first, second and third aspects, the aromatic diamine monomer is m-

phenylenediamine.

{0014] In embodinments of the first, second and third aspeets, the amine zwitterionic monomer 15 selected

from the group consisting of sulfobetaine, phosphobetaine, and carboxybetaine monomers

{0015] In embodiments of the first, sccond and third aspects, the amino zwitlerionic monomer is selected

from the group consisting of monc-antino and di-amino monomers.

[0616] In embodiments of the first, sccond and thard aspects, the amino zwittertonic monomer has a

struchure according to formula (1)

O
o
N T S e g

7N, ’
Ry 1|zj Rs

(h

wherein: a, b, ¢, and d are integers cach of which is independenily selected from the group consisting of 1,

2,3, 4, andd 3; Ry and R are cach mdependently selected from the group consisting of H and optionally
substituted C;-C;; atkyl; and R, and Ry are each independently selected from the group consisting of
optionally substituted C,-C; alkyl, optionally substituted Cs-Cs eycloalkyl, and optionally substituted arvl,
{0017] In embodiments, ais 2.
{0013] Iembodiments, bis 1.
{0019] In embodiments, ¢ is 3

{#020] In emibodiments, d is 3.

{0021] In embodiments, Ry is selected from the group consisting of methyl, ethvl and n-propyl. In

specific eombodunents, Ry 1s methyl.

ad
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{0022] In embodiments, R; 15 H.

{00231 In embodiments, R, and Ry are selected from the group consisting of methyl, ethyl and n-propyl.

In specific cmbodiments, Ry and B, are both methyl.

{00241 In specific erabodiments, the amine zwitierionic monomer has a structure according to formula

(1) (referred to berein as "anuno~-SBMA™);

Q

HaN /H\ *
TN N T T N g

(D

{0025] In embodiments of the first, second and third aspects, the cross-linking monomer comprising a
plurality of amine<reactive functional groups is an aromatic monomer. In embodiments, the cross-linking
monomer comprising a phuality of amine-reactive functional groups comprises three amine-reactive
funetional groups. In crbodiments, the aming-reactive functional groups have the formula - {0
wherein X is a leaving group. In specific cmbodiments, the cross-linking mosomer comprising a plurality

of amine-reactive functional groups has a structure according to formula (1)

(11)

wherein X 15 a leaving group.

[0026] In embodiments, X is CL

{0271 In specific embodiments of the tirst, second and third aspeets, the aromatic diamine monomer

comprises arphenvlenediaming, the amino zwiiterionic monomer conprises the conypound of formula

4
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(I11), and the cross-linking monomer comprising a plurality of amine-reactive functional groups

comprises trimesoy! chloride.

{0028] In embodiments of the first and second aspects, the porous support membrane conyirises a

polvsulfony membrane.

BRIEF DESCRIPTION OF THE FIGURES

{10291 Embodiments of the present invention will be discussed with reference to the accompanying

figures.

{§1030] Figore | shows aroute for the synthesis of amino-sulfobetaine derivative 4.

[0031] Figure 2 is a schematic diagram showing the stepwise synthetic protoeal for the fabrication of

polvanide (PA) amino-sutfobetaine nuixed thin fibn composite roverse osmosts membranc.

[0032] Figure 3 shows attenuated total reflectance Fourier transform infrarcd (ATR-FTIR) spoctrs of (&)
commmercial UF-polysulfone (PS) menibrane, (b) thin~-film composite (TFC) of PA coated polysulfone
membrane, and (¢} mixed thin-film composite of polyamide and amino-sulfobetaine (0.1 wit's) coated

polysulfone membrane,

{0033] Figure 4 shows confocal Iaser-scanning microscope (CLSM)Y images of bacteria adhered on PA

TFC miembrane. Right and left imapes obtained from two different spots.

0034] Figwre § shows CLSM images of bacteria adbered on mixed TFC membrane of PA and 0.05 wt?s

amino-sulfobetaine. Right and left images werc obtained from the two different spots,

[0035] Frzure 6 shows CLSM images of bacteria adhered on mixed TFC membrane of PA and 0.1 wit'lo

amins-sul fobetaine. Riglt and left images were obtained from the two different spots.

[0036] Figure 7 shows CLSM mnages of bacteria adbered on mixed TFC membrane of PA and 0.2 «4%6

amino-sulfobetaine. Right and left images were obtained from the two different spots.

{00371 Figure & shows plots showing the relative pure water flux (i) propertics of control PA membranes
{(PAM) and 1.1 wi% amino-sulfobetaine modified PAM tested at a pressure of 2400 kPa (34€ psi).

[0038] Figure 9 shows a plot of flux (left v-axis) and rejection (night y-axis) for a commercially available
membrane (left); a TFC membrane of PA and 0.2 wt% anuno-sulfobetame (centre); and a TFC membrane

of PA and 0.4 wi¥ amino-sulfobetaine.

th
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0039 Figure 10 shows plots of flux vs time Yor a TFC membrane of PA prepared according to Dxample
2 {¢)and a commaercially available membrane (#); and rejection vs time fora TFC membrane of PA

prepared according to Example 2 (0) and a commercially available membrane ().

DESCRIPTION OF EMBODIMENTS

{00407 We have developed a composite filtration membrane comprising a porous support niembrane and
an antthiofouling polyamide layer on the porous support membrane. The antibiofouding polyamide fayer
comprises a copolymer formed by the interfacial co-polymerisation of an aromatie diamine monomer, an
aming zwitterionic monomer, and a cross-linking monomer comprising a plurality of aming-reactive

functional groups.

LU 33

F0041] As used herein, the terms "antbiofouling”, "non-bictouling” and related torms when used in
relation to a layer or coating means that the layer is capable of reducing biological fouling of a surface
relative 1o a surface that does not have the antibiofouling layer. Thus, antiblofonling does not necessarily
mean that thereds no accumudation of fouling organisms and/or associated bisfilm torming materials on
the surface of the membrane. Biological fouling ("biofouling”) results from an accurnulation of fouling
grganisms {pico-, micro- of macro-organisms) and/or associated biofilm forming materials on a surface.
The organisms and their seeretions of extraccllular polymeric substances (EPS) form a biofilm that is
stabilised by weak physico-chemieal interactions meluding clectrostatic mteractions, hyvdrogen-bonding
and van der Waals interactions. Any of the tests provided herein or known by the skilled person can be
ascd to determine whether or not there 1s a reduction n binlogieal fouling. For example, direct
measurement of microbial growth on the membrane surface can be used to determine whether or not there

is a reduction in biological fouling.

{0042] The filtration membrane may be a reverse osmosis membrane. Reverse osmaosis membranes
typically have a top polvamide laver of about 200 nanometres thickness. A second or middle laver
typically comprises an enginecring plastic, such ag polysalfone, and 1t typtcally has a thickness of about
30 - 60 microns. This second layer provides a smooth surface for the top laver, and it enables the top
layer to withstand relatively high operating pressures. A third or bottom layer is typically nonwoven
polyester, e.¢., a polyethylene terephthalate (PET) web or fabric, with a thickness tvpically of about 120

mierons.

{30431 Reverse osmosis membranes are usually enwploved in either tlat panel or spiral wound
configurations. The flat panel configuration is typically a plurality of membrancs separated from ove
another by a porous spacer sheet, stacked upon ong another and disposed as a panel between a feed
solution and a permeate discharge. The spiral wound configuration is simply a membrane/spacer stack

cotled about a central feed tube. Both configurations are known in the art.
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{0044 Priov art polvamide layers have been formed by polymerisation of arphenviencdiamine mxd
trimesovl chioride on g swrface of the membrane. However, the polyamide formed is susceptible to
fouling. We have found that introducing an amino rwitterionic monomst inty the polymerisation process
produces a polyanude layer in which the co-polymerised amino zwitterionic monomer confers

antibicfouling properties on the membrane.

[0045] Following the processes described hergin, the polvamide Iaver is formed by condensation
polymerisation of the aromatic diamine monomer, the amino zwitterionic monomer, and the cross-linking
monomer. The interfacial polvmerisation can be carried out in solution, suspension, enwlsion or bulk.
Advantageousty, the polymerisation reaction can be carried out dizcctly on the surface of the porous
suppeort membrane. Thus, the present invention provides a cross-linked copolymer formed by interfacial
co-polymerisation of an aromatic diaming monomer, an amine zwitterionic monomer and a cross-Hnking

monomer comprising a plurality of annne-reactive functional groups.

{0046] As used herein, the term "monomer” means any molecule that can be reacted with another to

form a polymer and includes within iis scope pre-polymers.

{00471 The "aming zwitterionic monomet™ iz a monomer comprising at least one zwitterionic group and
at least one gmino group. Zwitterionic monomers are eleetrically neutral (1.¢., carey no total net charge}

but they carry formal posttive and negative charges on different ators in the molecule.

{0048] The zwitterionic group may be a sulfobetaine, phosphobetame, carboxybetaing or derivalives
thercof. Sulfobetaines and derivatives thereof may be particularly suitable because they tend to extubit
strong biocompatibility and consequently may extend the range of applications for which the membranes
may be used (for example, biomedicing}. Whilst we have found sulfobetaines to be particularly suitable,
it 1s possible that other zwitterionic groups such as phosphobetaine and carboxybetaine groups could alse

be used.

[0049] The aming awiterionic monomer may be a mono-amning or a di-aming nysomer,

{0050] The amino zwitierionic monomer may have a structure according to formula (1):

0
HJ\/%\;Q\S | \‘N%‘N“‘ 450y
Y
R, R, R4
(1
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whereire a, b, ¢, and d are integers cach of which is independently selected from the group consisting of 1,
2, 3,4, and 3; Ry and R, are cach independently selected from the group consisting of H and optionally
substituted C,-C; alkyl; and Ry and Ry are each ndependently selected from the group consisting of

optionally substitwted C,-C; alkyl, optionally substituted Ca-Cy cveloalkyl, and optionally substituted arvl.
{00511 In embodiments, ais 2.
{0032] Incmbodinents, bis 1.
{00531 in embodiments, ¢ 18 3.
{(054] In embodimnents, d 1s 3.

[0035] In embodiments, Ry is selected from the group consisting of methyl, ethyl and n-propyl. In

speeific embodiments, B 15 methyl.
{0056] In embodiments, Ry is H.

{0057] In embodiments, R;and R, are selected from the group consisting of methyl, ethyl and n-propyl.
In specific cmbodiments, R; and Ry are both methyl. This provides a compound of formula (I1) (alse

referred to herein ag "amino-SBMA™):

\/\S/\(’J NN
7N

{10

{30581 As discussed, we have previously prepared an antibicfouling membrane by grafting a
sulfobetaine polvmer from a polvanide surface of the membrave via surface initiated ATRP
{International patent application W 201 L/OBES05). The methods described berein differ from the
methods disclosed i WO 201 17088505 in that the zwittcriomic monomer forms part of the polyvamude
layer by mterfacial co-polymerization with the aromatic diamine monomer and the cross-linking

monomer comprising a plurality of amine-reactive functinnal groups.

{0059] The amvmatic dianung monomer may be any monomer couuprising at least one aromatic ring and
two or more amine groups. Thus, the term "diamine” includes within its scopt two or more amine groups,

In specific embodiments, the aromatic diamine monomer may be selected from one or more of the group

o
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consisting of o-phenylencdiamine (OPD), m-phenylenediamine (MPD), pphenylencdinnune (PPD), 2,5-
dianunotoluene, 44" -diaminobiphenyl, and 1,8-diaminonaphthalene. In specific embodiments, the

aromatic diamine monomer is m-phenylencdiamine.

[0068] In embodiments, the cross-linking monomer comprising a plurality of aming-reactive functional
groups is an aromatic monomeyr. The cross-linking monomer may comprise three amine-reactive
functional groups. The amine-reactive functional groups miay have the formula ~C(O)X wherein Xis a
leaving group. The leaving group may be selected from the group consisting of Cl, Br, and |, and OTs

(Mrosvlate™).

{0061] In specific cmbodiments, the cross hinking monomer comprising a phoality of amine-reactive

functional groups has a structure according to formuda ()

(IID)

whigrein X is a leaving group.

{0062] X may be selected from the group consisting of C1, Br, and |, and OTs. In embodiments, X is €l

{0063] In specific embodiments, the aromatic diamine mononmier comprises m-phenylenediamine, the
aming zwitterionic monomer comprises amino-SBMA, and the cross-linking monomer comprising a

plurality of amine-reactive functional groups comprises trimesoyl chloride.

[0064] The amine zwitictionic monomer may be present in an amount of from about 0.035 1o about 0.2

wit with respect to the aromatic dimmine monomer.

{00631 The composite filiratton membrane is prepared by depositing, on the porous support membrang, a
mixture conprising the aromatic diamine monomer, the amino zwitterionic monomer and the cross-
linking nionomer comprising a plurality of anmine-reactive functional groups. The aromatic dianmine
monomer and amino zwitterionic monomer arc then allowed 1o react with the cross-linking monomer to
form the antibiofouling cross-hinked polymer laver on the porous support membrane,

9
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10066] The step of depositing the mixture comprising an aromatic GEming MONMNEr, & Bnino
witterionic monomer and a cross-linking monomer comprising a plurality of amine-reactive functional
groups on the porous support membrane may be catried out in two stages: depositing, on the poroas
support membrane, an agueous nuxiwre comprising the aromatic diamine monomer and the amino
zwittertonic monomer to form an itial film layer; and then contacting the imitial filbm laver with a

mixtare comprising the cross-hinking monomer and 2 solvent.

[0067] The initial fibm laver can be prepared by coating a surface of the porous support membrane with
an aqueous mixture comprising the aromatic diaming monomer and the amine zwilterionic monomer,
Excess agueous mixture can then be removed from the membrane by suitable means, such as physically

removing the excess by draining it from the surface, ov by blotting with paper or a sponge cte.

{068] The aquevus mixture may contain the aromatic diamine monamer in an amount of from about 0.1
y

to about 10 wi%, such as 0.5 wi, 1 wi%, 2 wils, 3 wi%, 4 wi% or 5 wi%, In some embodiments, the

agueous mixture comtaing the aromeatic diaming monomer in an amount of about 1w,

{(069] The agucous prxiure may contam the aming zwittcrionic monomer by an amoeunt of up to about
10 wit%, such as front about 0.01 to about 1} wi% or from about .07 to about 5 wt%. Specifically, the
agueous puxiure may conain the aming zwittcrionic monomer i an amount of 0.01 wile, 0.02 wite, 0.03
with, .04 w18, 0.05 wild, 0.06 wi¥, 0.07 wit%, 0.08 wi%, 0.09 wi¥e, 0.1 wi¥, 0.2 wi%6, 0.3 wit, 0.4
wih, 0.5 wi%, (.6 wit%s, 0.7 wi%e, 0.8 wih, 0.9 wi%, 1 wi%, 2 wie, 3 wi%, 4 wi%, § wih, 6 wits, 7
with, & witi, @ witi or 1 wi%. In some gmbadiments, the agueous nuxture contans the amine-5BMA in
an amount of about 0.05 wi%. In some other embodinients, the agueous mixture contains the anino-
SBMA in an amount of about 0.1 wt%. In some other embodiments, the agueous mixture contains the
antino-5BMA in an amooent of about 0.2 wi%. In some other embodiments, the agueons mixture contains

the amino-SBMA in an amount of about 3.4 wi%i.

{070] Advantageously, the agueous mixture aleo containg an acid. The acid may affect the oxidation
fevels of the aromatic dimmine monomer and catalyse the polymerisation reaction. The acid may be an
organic acid or an inorganie acid. Suitable aeids mchude camphor-10-seltonic acid (CSA), hydrochloric
acid, phosphorie acid, sulfuric acid, dedeevibenzencsulfonic acid (DBSA), p-toluenesulfonic acid
{(pTSA), and suceimic acid. The acid may be present in the aqueous mixture in an amount of frony about 1
wt%s to about 3 wtte. In embodiments, the acid is USA. In some embodiments, the CSA is present in the

agueous mxiure in an anwount of about 2 wi¥s,

{0071} The aqueous mixture may also comprise a surfactant to assist in wetting the swrface of the porous
support membrane. The surfactant may be any surfactant known 1 the art. Suitable surfactants include
sodium dodecyl sulphate (SDS}, ammonium lauryl sulphate, sodivm laureth sulphate, sodium myreth

sulphate, diocty! sodium sulfosuceinate, perfluoronctanesulfonate (PFOS), perfluorobutancsulfonate, and

14
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lincar atkylbenzene sulfonates (LABS). In some embodiments, the surfactant is SDB. The surfactant may
be present in the aqueous mixture in an amount of from about 0.1 wi¥ to about 1 wi%. In some

cmibodiments, the surfactant is present 1o the aguepus mixture in an amount of 015 wit.

{0072} The aqueons mixture may also comprise a co-solvent. Suitable co-solvents tnclude water soluble
solvents such as lower alkyl alcobols, acetone, tetrahydrofuran, and the like. Suitable lower alkyl alcobol
co~sodvents tnelude methanel, ethanol, n-propanal, iso-propanol, n-butanol, iso-butanol, and tert-butanol.
In some embodiments, the co-solvent is iso-propanol. The co-solvent may be present in the aqueous
mixture in an amount of from about 0.5 wi%s to about § wila. In some embodinments, the co-solvent 18

prescnt in the aqueoys mixture in an amount of 1 witb.

{(073] After formation of the initial film layer, the mixture comprising the cross-linking monomer
comprising a plurality of aminc-reactive functional groups and a solvent is applied. Swutable solvents for
the cross-linking monomer tnclude hydrocarbon solvenis and aromatic solvents, such as hexane, benzene,
xylenes, toluene, and the like. In some embodiments, the solvent is n-hexane. The eross-linking monomer
may be present in the mixture in an amount of from about 0.01% wiv to about 0.2% w/v. In some
embodiments, the cross-linking monomer is present in the mixture in an amount of 8.415%: wiv. After
contacting the initial film tayer for a time of 30 seconds to 3 minetes, excess mixtere comprising the
cross-linking monemer 18 removed from the surface of the porous support membrane by physical means
such as by draining #t from the surface. The surface may be washed with a suitable solvent, such as ne

hexane, to remove any residual reagents, and the membrane dried.

[0074] The polyanude layer formed using the processes deseribed herein provides a substantially

uniform coverage of zwitterionic groups over the surfage of the mcmbrane,

[0075] The resultant membranes can be characterised using any suitable methods, such as ATR-FTIR,
thermogravimetric analysis {TGA}), atomic force microscopy (AFM) and water contact angle {WCA)

measyrements.

[0076] The biofouling resistance of membranes can be measured using a number of methads, including
measuring the fux andfor salt rgjection. For example, the biofouling performance of the wmembranes can
be assessed by the direct measarement of microbial growth on the membrane surface and the flux andfor
salt rejection. This can be achieved using a stirred cell, or dead end filtration apparatus or & cross-flow

apparatys.

HHTT] A reverse osmosis membrane, i erder to be comercially wseful in desalinating brackish water
or seawater on a large seale, must possess certain properties. Firstly, the membrane must have a high salt
rejection coefficient. For many commercial applications, the reverse osmosis membrane should have a

salt rejection capability of at least about 97%. Secondly, the membrane nwst have a high flux
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characteristic, .o, the ability to pass a relatively large amount of water through the membrane at
relatively low pressures. Typically, the flax for the membrane should be greater than 10 gallons/ft*-day
{gfd) at a pressurc of 800 pst for scawater and should be ercater than 15 gfd at a pressure of 220 psi for
brackish water. For cerfain applications, a rejection rate that is less than that which would otherwise be

desirable mayv be acceptable in exchange for higher flux and vice versa.

[0078] The membranes formed using the processes described hercin may be suitable for a range of RO
applications, such as raw water pretreatment, tertiary wastewater treatment, and perchiorate or nitrate

removal from drinking water or proundwater.

{0079] The present myvention 1s heremafter further described by way of the following, non-limiting

example(s) and accompanying fisure(s).
EXAMPLES
008 Example 1 — Preparation of amino-SBMA (4}

[0081] Referring to Figure 1, a two-neck round botiom flask was charged with sulfobetaine methacrylate
(SBMA) (23 (10 g, 34.2 nmmeles) dissolved in deiomised (D) water (30 mL) and placed under N>, After
30 minates, Z-amimocthane-thiol (13 (2.64 ¢, 34 2 mmoles) was added and the temperature was moereased
to 70 °C. Then 2,2 -azobis{2-methylpropionamidine) dihydrochloride (V5{ catalyst, 100 me) dissolved in
D water (5 mL) was added, and the reaction mixture was left stirring overnight at 70 °C. The reaction
mixture was concentrated on a rotavap and the resulling gummy syrup was triturated with dicthylether (2
x 1080 mbL). The product amino-SBMA (4) was dried under N; or using a freeze drier and stored in brown
cofour sealed vial under dark. Yicld 1 12.5 g (99%): "H NMR (D,0, 600 MHz) & 3.46 - 3.43 (m, 2H),
3.40 - 3.33 {m, 4H), 3.26 - 3.21 (m, 1H), 3.08 (s, 6H), 2.94 {1, 2H, T = 7.2 Hz), 2.80 (t, 2H. I = 6.6 Hz),
2.65(d,2H,J=72Hz), 263260 (m, 2H), 219218 (m, 2 H), 2.01 - 1.97 (m, 2H), 1. 13 (d. 3H, I =
6.6 Hz); Mass spec. caleulated for € HuN0,S, 3700 1834 [M+H]', observed: 370.1840),

J0082] Example 2 - Preparation of polyamide amino-sulfobetaine thin film composiie (TFC) membranes

{0083} An ultrafilieation (UF) - polysulfone (PS{) support membrane (purchased from GE) with a size of
30 om x 1§ om was pamersed 1 detomzed (D) water overnight then isopropanol (IPA) for 1) min, then
the membrane was washed with DI water (2 x 80 mL} and positioned on a PMMA
{polymethylmethacrviate) plate. A Neoprene rubber gasket and a PMMA frame were placed on top of the
support membrane, and binder clips were used to hold the plate-membrane-gasket-frame stack together.
1Y mL of o srphenylenediamine (MPDYamine-SBMA solution (1 wi% MPD (e | g of MPD in 1)
mL DI water), 0.01 to 10 wi¥h amina-SBMA, 2 wt?s of camaphor-10-sulfonic acid {CSA), 8.15 wit¥e of

sodiuvm dodecyl sulphate (SD8&) and 1 wtto of IPA) were poured into the frame and allowed to contact the
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PSf membrane for 5 min before draining the excess MPDYamino-SBMA solution. The frame and gasket
were disassembled, and residual sotution between the plate and the PSf membrane was removed using
paper towels. Residual droplets of solution on the top surface of the PS{membrane were removed by
rolling a rubber roller followed by purging with nitrogen gas flow across the membrane surface.
Afterwards, the frame and gasket were reassembled on top of the PSTmembrane, and 100 mL of 0.053%
Cwiv) trimesovl chlovide (TMO) in s-hexang were poured onto the frame. After 1 min, the TMU s-hoxane
solution was drained from the frame, and the frame and gasket were disassembled. The membrane surface

was rinsed using s-hexane (100 mL) to wash away residuaal reagents, and the membrane was dried i air

at ambient conditions for 1 min, Finally, the entive membrane was tmmersed in DI water until further use.

[0084] Example 3 — ATR-FTIR characterisation of polyamide amino-sulfobetaine thin §lm composite

(TFC) membranes

{00851 ATR-FTIR spectroscopy was used to characterise the chemical structure of the modified and
ynmodified RO membranes. ATR-FTIR specira were abfained using a Thermo-Nigolet Nexus 870 FTIR
spectrometer {Thermo Eleetron Corporation) fitted with the diamond attenuated total reflectance (ATR)
attachment, and data was collected in air in the mid infrared region (4(010-400 cm™). The resolution was 4
ey with 128 seans. The data analysis was manipulated wsing Omuic software. The data are shown in

Figwre 3.

[0086] Example 4 — Anti-biofouding studies (bacterial resistance test) of polvamide amino-sulfobetaine

thin i composite (TFC) membranes

{0087] A putnient solotion was prepared in order to feed naturally ocowrring bacteria that exist in the
cnvironment, Sodium chiforide (99 %) (2 g, 0.034 mol), sodium acetate anhydrous (200 mg, 2.43 x o
mol}, sodiun phosphate monobasic (20 mg, 1.66 x10™ mol) , sodiwm nitrate (40 myg, 5.7 x 107 mol) were
all dissolved in 1 L of Milli-Q waterto make the following concentration: {carbor: 100 ppm), (nitragen:
40 ppm} and {phosphate: 20 ppm) in saline water (2000 ppm NaCl). The modified and unmodified
membranes were cut to (2 eom x 2 em) and placed into small vials. Nutrient solution was then added to the
vials in ¢nough volume as to cover the membrane. The vials were covered for 48 h at room temperature
and lefl in the dark, Then the nutrient solution was removed, and the membranes were treated with a

fixative salution as described below.

{0088] To prepare the fixative solution, paraformialdebyde (4.00 g) was dissolved in PBS buffer at pH=
7.4 (60.0 mlLj at 60 °C. Sucrose (4.0 g, 11.7 nunol) was then added and the solution was allowed to cool
to room temperature, Glutaraldehyde solution (25 % in water, 2.0 mL) was added and the final volume
was adjusted to 100 ml. using PBS. The exposed membranes were covered with the fixative solution for
24 h. After fixing, the membranes were rinsed in PBS buffer prioy to dehydration by immersion for 15

min each in a series of ethanol/water solutions (cthanol concentrations were 50 % viv, 70 % viv, 85 % viv
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and 93 Yo v and 10 % of ethanol). The membranes were then dried overnight in a fame hood by

placing them between filter paper.

{00891 The dricd membranes wore stained with 4',6~-diamidmo-2 -phenyhindole (RAPI, 0.4 ppm) selaton
for 2 hat room tenperature 1n the dark. After that, the membranes were rinsed with DU water and then
dried at room temperature for 1 h. The bacteria on the membrane were tmaged by using the Confocal

Laser Scanning Microscopy (CLSM).

{0090} The bacteria on the membrane were imaged by using the Leica TCS SPS CLSM. The CLSM was
equipped with argon, 405 am diode, DPSS 561 and HeNe 633 lasers, and also equipped with specific
detectors and filters set for monitoring the fluorescence from various dves {for c.g., DAPL, excitation =
341 wm, emission =452 am). Bacteria images were observed with a water immersion lens (60x object
and numerical aperture 1.4Yand a series of images were generated through XYY acguisition mode with
zoont factor of 1.5, line average of § and frame average of 4. Each membrane with adhered bacteria was
scanned randomly at 4 - 6 positions. The gained images covered an arca of 164 pM x 164 uM at
resolution of 512 x 512 pixels. The CLSM images were analysed by using Image 1 software {version
1461, National Institute of Health, USAY and the bacteria on membrane were quantified by using the

I'TCN plugtn i the Imace J software:

{0091} The data arc shown in Figures 4 to 7. It can clearly be seen that after (.1 wit'e amino-sutobetaing
addition in polyamide RO membranes via an interfacial addition process results in nch lower bacterial

fouling, It 1s this concentration which will be used for the stirred cell measurements,

{0092] Example § — Permeation studies of polvamide amino-sulfobetaine thin Gim composite (TFC}

memhranes

[0093] All permeation tests of polyamide membranes (PAM) and 0.1 wit%e amino-sulfobetaine PAMs
were conducted using a dead-end stivred cell {HP4730, Sterlitech Corp. WA, USAY with Milli-(} water
{18 MQ.cm) and standard saline solution (NaCl, 2000 ppm} at 25 °C. The effective membrane filtration
area was 14.6 o’ and the working volume was approximately 200 mL. All permeation experiments were
performed at 2400 kPa (348 psi) of transmembrane pressure that was controlled by a high-pressure
nifrogen vessel with a gas pressure regulator. The permeate vohume was collected m a glass beaker and
weighed to determine fhux. The electronic balance was connected to a computer and weight
measurements were collected every 3 min using a Lab VIEW (National Instruments, LISA) software

program. All membrane types were tested 1o triplicate.
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100941 The pure water fli (/) was calenlated according to Equation 1.

v =— Eguation 1

[0095] where, Vis the volume of permeated water (L), A is the effective membrane arca (™) and A is

the change in time (h).

{0096 For salt rgjection anatysis, conductivitics of the feed solution and permeate were measured using
a conductivity meter (Extech Equipment, Australia), and converted to concentration units {rag/L) using a
calibration curve. Salt concentration measurements (mg/L) were used to caleulate salt rejection using

Equation 2.

SR{%W)y =1~ (%—’55?—'3) x100% Equation 2

Teed
{0097} where, Cien, 1 the permeate concentration and C,.. is the feed concentration.

{00981 To climinate the cffeet of the differences between cach PAM, relative water flux (#7) was used fo
characterise the variation of water flux due to modificanon with 0.1 wit¥%) amino-sulfohetaine. The relative

water flux () was calculated using Equation 3.
s — ]‘w E : 2
n == quation 3
1o

[0099] where. J, and J, (L™ h™) arc the pure water flux of membranes with and without 6.1 wt¥4

amino-sulfobetaine modification, respectively,

(00100} Sumilarly, relative salt rejection (1) was used to characterise the variation of salt rejection
due to modifieation with 0.1 wt'e amino-sulfobetaine. The relative saltrejection {7) was ealeulated by

using cquation 4.

R S8inod " s .
=R, Equation 4
{00101 wherg, SRyq and SR, arve the calculated salt rejection of membranes with and without (0.1
wi% amino-sulfobetaine modification, respectively,
[H0102] The permeation tests carried out at 2400 kPa (348 psi) revealed a reduction in pure water

flux of approximately 20% for the 0.1 wite amino-sulfobetaine modificd polyamide membranes relative

to the control polyamide membranes, however, given the overlap in the ervor bars the difference in flux is
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not considered statistically significant {Figure ). In addition, the relative salt rejection () propecties of
the 0.1 wit% amino-sulfobetaine modified membranes were 20% less than tor the control polyamide

membrangs,

{00103] Example 6 — Further anti-biofouling studies {bacterial resisiance test} of polyamide

amino-sulfohetaine thin film composite (TFC) membranes

001604] Fouling testing was camied out using Fsewdoalteromonas atlantica caltared in Difco

Marine Broth tn cross flow units operated under standard conditions.

[00105] The data arc shown m Figures 9 and 10, The data shows a benefit using the coated
membranes of the present invention relative to a commercially available membrane. Specifically, there
was a stgnificant delay to fouling flux dechine for the coated membrancs of the present invention and the

flux loss was not as pronounced.

{00106] When the slope of the flux Joss is sormalized with respect to the stabilized flux there isa
benefit with the membranes of the present invention (<0035 r) relative to a standard commercially

available membrane (-0.042/hre).

{00147} Throughout the specification and the claimg that follow, unless the context reguirgs
otherwise, the words “comprise” and “include” and variations such as “comprising” and “including” will
be understood tix imply the inclusion of a stated infeger or group of integers, but not the exclusion of any

other miteger or group of integers.

{00108} The reference to any prior art in this specification is not, and should not be taken as, an
acknowledgement of any form of suggestion that such prior art forms part of the conunon general

knowledge.

00109} It will be appreciated by those skilled in the art that the mvention is not restricted inits
use to the particular application described. Neither s the prescnt mvention restrivted in it preferred
embodiment with resard 1o the particular elements and/or features desertbed or depicted herein. It will be
appreciated that the invention 1s not hmited to the embodimert or embodiments disclosed, but is capable
of numierous rearrangements, modifications and substitutions without departing from the scope of the

invention as set forth and defined by the following claims.
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CLAIMS

i A composite filtration membrane comprising a porous support membrape and an antibiofouling
polyarmde layer on the porous support meembrane, said antibiofouling polyvamide laver comprising a
copolvmer formed by co-polymerisation of an aromatic disnine monomer, an amino zwitterionic

mononwer, and a cross-linking monomer eomprising a plurality of amine-reactive functional groups.

2. The composite filiration membrane according to claim 1, wherein the aromatic dizmine monoemer
is m-phenylenediamine.

3 The compesite filiration membrane according to any one of the preceding claims, wherein the
amino zwitterionie monomer is sclected from the group conststing of sulfobetaine, phosphobetaine, and

carboxybetaine monomess.

4, The composite filtration membrang according to any one of the preceding claims, wherein the
amino switterionic monomer is selected from the group consisting of mono-anuno and di-amino

BOIMCTS.

5. The composite filtration membrane according to any one of the preceding claims, wherein the

amino rwitterionic monomer has a structure aceording to formula (1)

(1

wherein: a, b, ¢, and d are integers cach of which is independenily selected from the group consisting of 1,

2, 3,4, and 5; R, and R; are each independently selected from the group consisting of H and optionally

substituted C,-C; alkyl; and Ry and R, are each wmdependently selocted from the group constsiing of

~

optionally substituted C,-Cy alkyl, optionally substituted C5-C eycloatkyl, and optionally substituted arvl.

6. The composite filiration membrane aceording to claim 3, wherem ais 2.
7. The composite filtration membrane according tor any one of claims 5 to 6, wherein b is |,
B The composite filiration membrane according to dny one of claims 5 to 7, wherein ¢ is 3.
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Q. The composite filiration membrane according to any one of clatms 3 to &, whereln d 15 3.
1. The composite filration membrane according to any one of clatms 3 to 9, wherein R, is selected

from the group conststing of methyl, ethyl and n-propyl.

1L The composite filivation membrane according to claim 10, wherein R, 15 methyl,
12 The composite filtration membrane according to any one of clatms 5 to 1, wherein Ry s H.
13. The composite filtration membrane according to any one of claims § to 12, wherein R; and R, are

selected from the group consisting of methyl, cthyl and a-propyl.

14, The composite filtration membrane according to claim 13, wherein R; and R, are both methyl.
15 The composite filiration membrane according to any one of the preeeding claims, wherein the

cross-linking monomer Is an aromatic monomet.

16, The composite filiration membrane according to any one of the preceding claims, wherein the

crosa-linking monomer comprises three amine-reactive fimctional groups.

17. The composite filiration membrane according to claim 16, wherein the amine-reactive functional

groups have the formula ~C{O)X wheretn X is a leaving group.

18, The composite filiration membrane according to any one of the preceding claims, wherein the

cross-linking monomer has a structure according o formula (HT):

Ox X
f,f,.
O~ \‘\\\\\v., Y
X
(1)
wherein X 15 a leaving group.
19, The composite filtration membrang according to clam 18, wheretn X is CL
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20 The composite filiration membrane according fo any one of the preceding claims, wherein the
aromatic diamine monomer comprises s-phenviencdiamine, the cross-linking monomer comprises

trimgsoyl chioride and the amino zwitterionic monomer comprises the compound of formula (1)

O

HEN\\ /\\5 /} \]\; H/\//\\\foﬂ\“’//\\&;()g‘
/N "

(I}

2L The composite filtration membrane according to any one of the preceding claims, wherein the

porous support membrane comprises a polysulfone membrane.

22. A method for producing a composite filtration membrane, the method comprising: depositing, on
8 porous support membrang, a mixture comprising an gronatic diamine mononicy, an amine awitterronic
mononier and a cross-linkmg monomer comprising a plurality of amme-reactive functional groups; and

allowing the aromatic diamine monomer and amino zwitterionic monomer to react with the cross-linking

monemer to form an antibiofouling cross-linked polymer fayor on the porous support membrane,

23, The method according to claim 22, wherein the step of depositing the mixture comprising the
aromatic diamine monomer, the amino zwitterionic monomer and the cross-linking monomer on the
porous support membrane comprises deposifing, on the porous support membrang, an agueous nIxnre
comprising the aromatic diamine monomer and the amino zwittertonic monomer to form an imtial film
layer; and then contacting the iitial film layer with a mixture comprising the cross-linking nonomer and

a solvent,

24, The method according to any one of claims 22 ta 23, wherein the aromatic diamine monomer s

srphenylenediamine.

25, The method according to any one of claims 22 to 24, wherein the amine zwitfcrionie monomer 1§

selected from the group consisting of sulfobetaine, phosphobetaine, and carboxybetaine monomers.

26. The method according to any one of claims 22 to 25, wherein the amino zwitterionic monomer is

selected from the group consisting of mono-amino and di-aming MONOMers.

27 The method according to any one of claims 22 to 26, wherein the amino zwitterionic mononer

has a structurg according to formula (1)
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0
razamf"Jdﬂ\s’/b J\N/k 15 “N*HH\S()

Pt l / \ = 3
R R, Rs Ry

(t)

whergin: a, b, ¢, and d are integers cach of which is independently selected from the group consisting of 1,
23,4, and 5; R and R, are each mdependently sclected from the group consisting of H and optionally
substituted C -, atkyl; and R;and R, are each independenily selected from the group consisting of

optionally substituted C,-Cy alkyl, optionally substituted C:-Cq cycloalkyl, and optionally substituted aryl.

28 The methed according to claim 27, wherein ais 2.

29, The method according to any one of claims 27 0 28, wherein bis 1.

30. The method according to any one of elaims 27 to 29, wherein ¢ 1s 3.

31 The method according to any one of claims 27 to 30, wherein d is 3.

32 The method according to any one of claims 27 1o 31, wherein R, is selected from the group

consisting of methyl, ethyl and mpropyl.

33 The method according to claim 32, wherain R, is methyl.
34, The method according to any one of claims 27 t0 33, wherein Rz s H.
35 The method according to any one of claims 27 to 34, wherein R; and Ry are sclected from the

group consisting of methyl, ethyl and n-propyl.

36. The method according to claim 33, whergin R; and R, are both methyl.
37. The method according to any one of claims 22 to 36, wherein the cross-linking monomer is an

aromatic monomer.

38, The method according to any one of claims 22 to 37, wherein the cross-linking monomer

comprises three amine-reactive fanctional groups.
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39, The method according to clat 38, wherein the amine-reactive functional groups have the

formula ~CHNX wherein X is g feaving group.

40, The method according to any one of clatms 22 to 3%, wherein the cross-hinking monomer has a

structurg according to formuda (TH):

X X
(i
wherein X is a leaving group.
41. The method according to claim 40, wherein X 1 CL
42 The method according to any one of claims 22 to 41, wherein the aromatic dianune monomer

comprises nr-phenylenedianune, the amino zwitterionic monomer comprises apuno-SBMA, and the

cross-linking monomer comprises trimesoyl chloride,

43, The method according to any one of claims 22 to 42, whercin the porous support membrang

comprises a polysulfone membrane.

44, A cross-linked copolymer formed by co-polymerisation of an aromatic diamine monomer, an
amino zwitterionic monemer and a cross-linking monomer comprising a plurality of anune-reactive

functional groups.

45, The cross-linked copolymer according to claim 44, wherein the aromatic diamine monooer 1s m-

phenvienediamine.
46. The cross-linked copolymer according to any one of claims 44 to 45, wherein the ammo

zwitterionic monomer is selected from the group consisting of sulfobetaine, phosphobetaine, and

carboxybetaine monomers.
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47. The cross-linked copolymer according fo any ong of claims 44 to 46, wherein the amino

awitterionic monomer is selected from the group consisting of mono-amine and di-amine monomers.

48, The cross-tinked copolymer aceording to any one of claims 44 to 47, wherein the amine

awHterionic mosomer has a structure according o formula (Tk

O
H-ZN”{H\L\S/%\ )b\ - /{/\}C\m*\k\)a\so

(0

whergin: a, b, ¢, and d are integers each of which is independently selected from the group consisting of 1,
2,3, 4, and 5 Ry and R, are cach independently selected from the group consisting of H and optionally
substituted Ci-C,, alkyl; and Riand R, are sach independently selected from the group consisting of

optionally substitated C-C, alkyl, optionally substitutod C5-Cy oveloalkyl, and optionally substituted arvl,

49. The cross-linked copolyimer aceording to claim 48, wherein ais 2.

50 The eross-linked copolymer according to any one of claims 48 10 49, wherein b is 1.
51 The vross-linked copolymer acconding to any one of cluims 48 to 50, wherein ¢ is 3.
52, The cross-linked copolymer according to any one of claims 48 to 51, wherein d is 3.

L

3 The cross-linked copolvmer according to any one of claims 4% to 52, wherein R, 15 selected from

the group consisting of methyl, ethyl and n-propyl.

54 The cross-linked copolymer according to claim 53, wherein R is methvl.
53, The cross-linked copolvmer according to any ong of claims 48 {0 34, wherein Ry i H

36. The cross-linked copolymer according to any ong of claims 48 to 55, wherein Ry and Ry are

selected from the group consisting of methyd, ethyl and #-propyl.

L4
~J

The vross-linked copolymer accordmy to claim 56, wherein R; and Ry are both methyl.
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58. The cross-linked copolymer according to any one of claims 48 to 57, wherein the cross-hinking

MONOMET 1$ an aromatic monemer,

59, The cross-tinked copolymer aceording to any ong of claims 48 to 58, wherein the cross-hinking

monomer comprises three amine-reactive functional groups.

60, The cross-linked copolymer according o claim 59, wherein the amine-reactive functional groups

have the formula —C{O)X wheretn X 1s a leaving group.

61, The gross-linked copolymer according (o any one of claims 48 to 60, wherein the cross-linking

mononmer has a structure according to formula (1)

(11
wherem X 1s a leaving group.
62, The cross-linked copolymer according to claim 61, wherein X 15 CL
63, The cross-linked copolymer according to any one of claims 48 to 62, wherein the aromatie

dianiing monomer comprises n-phenylenediamine, the cross-linking monomer comprises trimesayl

chloride and the amino zwitterionic monoroer eomprises the compound of formula (IT):

O
HEN\\ ™ JJ\ ,//\\ e
/\\S/ -~ j\ﬂ/f\\\_, ‘!,Nd;. \/{’\\S(_}g"

N
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64. The composite membrang aecording to ¢laim 1, the method according to elaim 22 or the eross-
linked copolymer according to claim 44 and substantially as described herein with reference to the

accompanying examples and/or figures.
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Figure 4
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Figure 7
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/AU2014/000444

A. CLASSIFICATION OF SUBJECT MATTER

B01D 71/64(2006.01)i, BO1D 69/12(2006.01)i, BO1D 61/02(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

BO1D 61/02

Minimum documentation searched (classification system followed by classification symbols)
BO1D 71/64;, BO1D 63/00; CO8F 290/14; B32B 3/00; BO1D 69/12; A61M 25/00;, BO1D 71/56; B32B 9/04, BO1D 69/00;, C09D 5/16;

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords:antibiofouling, copolymerization, aromatic diamine monomer,
amino zwitterionic monomer, amine-reactive functional groups, filtration membran

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2003-0121844 Al (KOO, J. Y. et al.) 03 July 2003 1-3,22-24,44-46

See abstract; claims 1, 3, 4, 5, 7, 8, 31, 33; and paragraphs [0026], [0027],
[0051].

Y WO 2007-024393 A2 (UNIVERSITY OF WASHINGTON) 01 March 2007 1-3,22-24,44-46
See abstract; and pages 3, 11, 16, 28.

A WO 2011-088505 A1 (FLINDERS UNIVERSITY OF SOUTH AUSTRALIA et al.) 1-3,22-24,44-46
28 July 2011
See abstract; and claims 1, 2, 9, 10.

A US 8308699 B2 (ZHANG, Z. et al.) 13 November 2012 1-3,22-24,44-46
See abstract; claims 1, 5; and paragraph [0108].

A US 2011-0305898 Al (ZHANG, Z. et al.) 15 December 2011 1-3,22-24,44-46
See abstract; and claims 6, 12-14.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search
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Date of mailing of the international search report

24 July 2014 (24.07.2014)

Name and mailing address of the [ISA/KR
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¢ Korean Intellectual Property Office
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Republic of Korea
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LEE, Chang Ho
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Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:;

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. X Claims Nos.: 6,11,14,17,19,28,33,36,39,41,49,54,57.60,62,64
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:
Claims 6,11,14,17,19,28,33,36,39,41,49,54,57,60,62 are unclear since they refer to claims which are not searchable due to not being drafted in
accordance with the second and third sentence of Rule 6.4(a).
Claim 64 is contrary to PCT Rules 6.1(a) and 6.2(a) in that it has more than one subject matter, and that it refers to the description and
drawings.

3. Claims Nos.: See the extra sheet
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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Claims Nos m 3. of Box Noll :
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