St JRFACE TREATMENT OF ALUM NA FI LMS Technical Field
The present invention generally relates to a nethod of
wo e@aningy t he surface of an alumina film suchPeESGH®6/000183
surface of an alum na nenbrane. Background Al um na
films are widely enployed for a variety of
applications, especially as nenbranes in filtration
appl i cat i oRSRESHENFRESTMEYTH OFh AATMENRe FLMP  nar r ow
pore size distribution, chemcal and thermal stability
as well as its rigid support structure. Particularly,
nanopor ous al um na ridedhmiesl dFtebdt ensi vely used in
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properties of alum na, nano-porous alum na nenbranes

sy sof wediunionfienezanen applications such as
tenpl ates for synthesis of nano-w res and nano-r ods,
as a support for cell cultures, mcroscopy studies,
and as a high surface Baekgsoppdrt for |ipid bi-Ilayer

formation. ALumna filns are typicall drophilic in
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as its rigid support  structure. Particularly, nano-
porous alumina membranes are extensively used in solvent
filtration in high-performance liguid chromatography,
liposome extrusion, micro-filtration and nano-filtration.

In view of the above-outlined properties of alumina,
nano-porous alumina membranes are also used in non-
filtration applications such as templates for synthesis
of nano-wires and nano-~rods, as a support for cell
cultures, microscopy studies, and as a high surface area
support for lipid bi-layer formation.

Alumina films are typically hydrophilic in nature
and may therefore not be suitable for applications where
a less hydrophilic or a more hydrophobic surface is
required. Examples of such applications include protein
purification and hydrophobic surfaces for micro-machines
such as micro-electro-mechanical systems (MEMs), micro-
fluidic devices and micro—enéine systems.

In order to extend the use of the alumina films to

such applications, surface modification of the alumina



devi ces and m cro-engine systens. In order to extend
the use of the alumna filns to such applications,
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carried out to alter the surface properties, i.e., to
reduce hydrophlicity or increase hydrophobicity of the
surface. One known nethod is to graft an anodi sed
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functional groups on the surface of the alumna film
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However, the above methods are generally adopted for
surface modification of alumina films which results in
silicon-based surfaces only.

Yet another known method dinvolves using high
pressure vials to «result in physical adsorption of
carboxylic acids on aluminiﬁm powders covered with
surface oxides derived form air oxidation. However, such
a method involves the use of high pressure vials which
can be expensive to operate.

There is therefore a need to provide a method of
treating an alumina film that can modify the surface
property of the alumina £film by making it less
hydrophilic or more hydrophobic.

There is also a need to provide a method of treating
an alumina film that is simple and inexpensive to carry
out.

There is also a need to provide a method that can



property of the alumna filmby making it |ess
hydrophilic or nore hydrophobic. There is also a need

wo ooopioariddle a net hod of treating an al um na fiPaT/862006/000183
is sinple and inexpensive to carry out. There is also
a need to provide a nethod that canovercone or at
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here is provided a nmethod of treating an alumina film
Y&t ??mé%ﬁ%ﬁﬁ?ﬁéeﬁﬁﬁg?ng said alumina filmto a

carboxylic acid solution under conditions to reduce

the hydrophilic properties of the surface of said

film Advantageously, after said exposing step, the
surface of the alumna fid remai n hydrophilic,

al beit having a reduced hydrophflicity, or it may be
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rendered generally hydrophobic.

In one embodiment, there 1is provided a method of
treating an alumina film comprising the step of exposing
said alumina film to a halogen-substituted carboxylic
acid solution under conditions to reduce the hydrophilic
properties of the surface of said film. |

In one embodiment, there is provided a method of
treating an alumina film comprising the step of exposing
said alumina film to a fluorine-substituted carboxylic
acid solution under conditions to reduce the hydrophilic
properties of the surface of said film.

According to a second aspect, there is provided a
method of treating an alumina film comprising the step
of:

(a) providing an alumina film comprising hydroxide;

(b) providing a carboxylic acid solution;

(c) exposing said alumina film to said solution

under conditions to react said hydroxide with said



properties of the surface of said film According to a
second aspect, there is provided a nethod of treating
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an alumna filmconprising hydroxide; (b) providing a
carboxylic acid solution; (c) exposing said alum na
filmto said solution under conditions to react said
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According to a fifth aspect, there is provided the
use of a treated alumina film produced by the method as
defined in any one of the above aspects, in the
purification of protein molecules.

According to a sixth aspect there is provided an
alumina film having carboxylate groups 4bonded to the
surface of said film. The carboxylate groups may be
substituted with halogen atoms, such as fluorine. The
amount of said carbokylate groups bonded to the surface
of said film may <render said surface (generally
hydrophobic. The inner body of said film, below said

surface, may not comprise any carboxylate groups.

Definitions .
The following words and terms used herein shall have

the meaning indicated:
The term “alumina film” as used herein refers to a

film of hydrated alumina, and' includes fully hydrated



substituted with hal ogen atons, such as fluorine. The

anount of said carboxylate groups bonded to the
wao7aece4of said fil mnmay render said surface PENBGHI06/900183

hydr ophobi c. The inner body of said film bel ow said

surface, may not conprise any carboxylate groups.
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surface is less than 90 degrees, or when the liquid tends
to spread spontaneously across the surface of the film
surface, both conditions normally co—existing.
Conversely, a film surface is considered to be
“hydrophobic” if the contact angle is greater than 90
degrees and the liquid does not spread spontaneously
across the surface of the film.

The term "alkyl" includes within its meaning
monovalent (“alkyl”) and divalent (“alkylene”) straight
chain or branched chain saturated aliphatic groups having
from 1 to 10 carbon atoms, eqg, 1, 2, 3, 4, 5, 6, 7, 8, 9,
or 10 carbon atoms. For example, the term alkyl includes,
but is not limited to, methyl, ethyl, l-propyl,
isopropyl, 1l-butyl, 2-butyl, isobutyl, tert-butyl, amyl,
1,2-dimethylpropyl, 1,1-dimethylpropyl, pentyl,
isopentyl, hexyl, 4-methylpentyl, l-methylpentyl, 2-
methylpentyl, 3-methylpentyl, 2,2-dimethylbutyl, 3,3-
dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl,



“hydrophobic" if the contact angle is greater than 90

degrees and the |iquid does not spread spontaneously
wa@eoooss12he surface of the film The term "al kpeT/SG2006/000183

includes within its neaning nonoval ent ("al kyl") and

di val ent ("al kyl ene") straight chain or branched chain

saturated aliphatic groups having from1 to 10 carbon
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stegreorhesrrton avlomse aﬁ@pﬂavahgeat areadtemeldomee alkyl
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limited to ethenyl, vinyl, allyl, I1-methylvinyl, 1-
propenyl, 2-propenyl, 2-methyl~-l-propenyl, 2-methyl-1-
propenyl, l1-butenyl, 2-butenyl, 3-butentyl, 1,3~
butadienyl, l-pentenyl, 2-pententyl, 3-pentenyl, 4-
pentenyl, 1l,3-pentadienyl, 2,4-pentadienyl, 1,4~
pentadienyl, 3-methyl-2-butenyl, l-hexenyl, 2-hexenyl, 3-
hexenyl, 1,3-hexadienyl, 1, 4~hexadienyl, 2~
methylpentenyl, 1-heptenyl, 2-heptentyl, 3-heptenyl, 1-
octenyl, 1~ﬁonenyl, l-decenyl, and the like.

The term "alkynyl group" as used herein includes
within its meaning monovalent (“alkynyl”) and divalent
(“alkynylene”) straight or branched chain unsaturated
aliphatic hydrocarbon groups having from 2 to 10 carbon
atoms and héving at least one triple bond anywhere in the
carbon chain. Examples of alkynyl groups include but are

not limited to ethynyl, l-propynyl, 1l-butynyl, 2-butynyl,



stereochem stry where applicable, anywhere in the

al kyl chain. Exanpl es of al kenyl groups include but
wae@7ne4d i mted to ethenyl, vinyl, allyl, PCT/SG2006/000183

1-net hyl vinyl, 1- propenyl, 2-propenyl,

2-met hyl -1 - propenyl, 2-nethyl-Ipropenyl, 1-butenyl,

2- butenyl, 3- butentyl 1, 3- butadienyl, 1-pentenyl,
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bromine and iodine.

The term "substituted" means that the specified
compound, group or moiety bears one or more substituents.

The term "optionally substituted" means that the
‘specified group is unsubstituted or substituted by one or
more substituents.

Unless specified otherwise, the terms "comprising”
and "comprise", and grammatical variants thereof, are
intended to represent "open" or "inclusive" language such
that they include recited elements but also permit
inclusion of additional, unrecited elements.

As used herein, the term "about", typically means
+/- 5% of the stated value, more typically +/-~ 4% of the
stated value, more typically +/- 3% of the stated value,
more typically, +/- 2% of the sfated value, even more
typically +/- 1% of the stated value, and even more
typically +/- 0.5% of the stated value.



The term ""hydroxi de" refers to -CH group. The term

"carboxyl ate" refers to the conjugate base of a
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as "halide" or "halo" as used herein refers to

fluorine, chlorine, bromne and iodine . The term

"substituted” neans that the specified conpound, group

or noTergugkant othésodirwlessulest idasrdin . efbediments may

bstituted" ns.th the specifie
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regardless of the breadth of the range.

Detailed Disclosure of Embodiments

Exemplary, non-limiting embodiments of the method of
treating alumina, will now be disclosed.

The method of treating the alumina film comprises
the step of:

(a) exposing said alumina film to a carboxylic acid
solution wunder conditions to reduce the hydrophilic
properties of the surface of said film.

In one embodiment, the alumina film is a membrane.
The conditions of the exposing step (a) are such that the
surface of the alumina film, after treatment, can have a
contact angle selected from the group consisting of at 
least about 85°, at least about 90°, at least about 92°,
at least about 94°, at least about 96°, at least about



ranges. Accordingly, the description of a range should

be considered to have specifically disclosed all the
w@omgiomi2¢0 sub-ranges as well as individual nuneCi/862006/000183

values within that range. For exanple, description of

a range such as from1l to 6 should be considered to

have specifically disclosed sub-ranges such as from1l

%’ 3 atf lemasl wbosit, ¥0®m latolBastf rbou? tld2F,, 4t obeast

§rom3.to [ V|du
hadh oot oL iR, Sheur FDe e amnedst W Jose, at
Leaﬁst apdub .110fl s appliest egpodtess oof, tQ@ hre@a@t habout
of the range Det ai | ed Di scl osure of Enbodi ment s

Béermplal yloash- RPANET AdCénbodi Asass aPatte Het hodtofleast
éﬂ&ﬁg'ﬂﬂjalug{”?ea@%'%?@ﬁw QQZG'S%EO %sfng%éﬁﬁt§§%0f at

treating the alumna filTmconprisés thé step
legsdsi agoshi d. 24 uni an flidantt oalaocar A®8Yl,i cataciléast about

utiaon pynde nditigns to,reduce the hydrophilic
ég%ﬁeﬁgfeﬁ {tﬁ gtrhgge ofts gl S%H%hoq %ﬁ%?i at least
ayadireett,, dthedanidiodd 113dS shdebranest Wsut 140°
condi tions of the exposing step (a) are such that the

sur f &8 of CeEl bl ef naofi | ARidf t exPosdanemtercan(davenay
55ﬂ5y§§gn 1§%§q&@cted fromthe group consisting of

| east about at | east about 90, at | east about
92, afo)l eastflaboitg 9daidt aleashaalidlin 96, sdid e@stboxylic
| east, about 100, at | east about 102, at

hout 98
Aodht SO Yoe bt RealPTREGHTT60 A ISAEE aliBil time
éﬁﬁ%cﬁﬂvé east Abouleakl0. palrigdsy ahoily 112:iqatcd Aasty1ic

about
acid with hydroxide of said alumina film.

The refluxing step (b) may comprise the step of:
(bl) maintaining said temperature at or above the

boiling point of the carboxylic acid solution.

The temperature in said maintaining step (bl) may be
selected from the group consisting of: about 60°C to
about 100°C; about 60°C to about 90°C; about 60°C to about
80°C; about 60°C to about 70°C; about 70°C to about 100°C;

about 80°C to about 100°C and about 90°C to about 100°C.

The refluxing step (b) may comprise the step of:

(b2) refluxing said alumina film in said carboxylic
acid solution for a time selected from the group
consisting of: about 2 hours to about 5 hours; about 3
hours to about 5 hours; about 4 hours to about 5 hours;
about 2 hours to about 4 hours; and about 2 hours to

about 3 hours.



114, at |east about 116, at |east about 118, at |east
about 120, at |east about 122, at |east about 124, at

wo e@sgobout 126, at | east about 128, at | eastPEbeG2006/000183
130, at |east about 132, at |east about 134, at |east
about 136, at |east about 138 and at |east about 140.
The conditions of said exposing step (a) may conpri se
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Qurs to about 4 hours; and about 2 hours to abo_ut 3
ours .The refluxing step (b) can be undertaken in a
(d) washing said treated alumina film with an inert

O

solvent.

The method as claimed in claim 15, comprising, after
step (d), the step of:

(e) drying said treated alumina.

Untreated alumina films are typically hydrophilic in
nature, and are therefore restricted +to filtration
applications involving preferential binding of water to
the surface of the membrane over other materials, or
other applications requiring a hydrophilic surface.

It has surprisingly been found that alumina films
treated by the disclosed method can have reduced
hydrophlicity at the surface, thereby rendering the
treated alumina films suitable for applications where a
less hydrophilic surface or more hydrophobic surface is
required. It is thought that the lower hydrophilicity or
greater hydrophobicity of the alumina film surface is due
to the chemisorption of the carboxylate groups onto the

surface structure of the films, as can be determined from
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vacuum The refluxing step (b) may conprise the step

of : (b3) maintaining the gauge pressure at about 20
whRa7ve2about 160 kPa. The met hod may conpri SePCEHSGHEI06/000183

step (b) , the step of: (c) renoving said treated

alumna filmfromsaid carboxylic acid solution. The

met hod may conprise, after step (c) , the step of: (d)

s hehgeswed Ordatedd b uli @ fsHinfvé t bnathene¥fuminium 2p

e met ho ai,ned |n C
SRR OBl [RBaTPLIO% S SLAWTRY, Beleliftd s Bromrge 11
Isdidvtreated alum na. Untreated alumna filns are
typically hydrophilic in nature, and are therefore

r est HXFEY A f iARR GG APl i"@RTDONS | oI Yi gydrophilic
&M%%@@é@aﬂﬂ%&%ﬁ%ﬁ@fﬁﬁ%t S AGE éfﬂ&951n

nmenbr ane over” ot her er-app Tcations
Hrmﬂm@lmyotrmpmdap@rsm@acer bturtidd cadripn sifgbiotein
HQ) I, ound that alumna filnms treated by the disclosed
%Iehu ¢dn have reduced hydrophlicity at the surface,
thereby rendering the treated alumna filns suitable
for applications where a | ess hydrophilic surface or
Ny dridfhobi ¢ surface is required. It is thought

that qihe éPMﬁ{nquﬁﬂﬂpiééﬁi%% O membrane. The alumina

membrane may be obtained commercially, for example, from
Fischer Scientific International, a company incorporated
in the United States of America. Exemplary alumina

membranes that can be treated by the method include
Whatman™ Anodisc™ 25 of 60pm thickness having 0.lpm
nominal pore size, Whatman™ Anodisc™ 13 of 60um
thickness having 0.02um nominal pore size, and Whatman™

Anodisc™ 47 of 60um thickness having 0.2pm nominal pore

size.

The alumina membrane can also be synthesised in the
laboratory wusing a Radio Frequency (RF) Magnetron
sputtering apparatus (for example, Discovery™18
Sputtering system). The synthesis of the alumina

membrane can involve RF sputtering an aluminium target to
form an aluminium film on a substrate (for example, a
glass substrate), followed by anodising the aluminium
film with oxalic acid (HO,-C-C-0,H) to form the alumina
membrane. The alumina membrane can then be rinsed with
an inert solvent and dried in an oven.

During anodisation, a significant amount of acid

anions are incorporated onto the surface of the alumina

11



greater hydrophobicity of the alumna filmsurface is

due to the chem sorption of the carboxylate groups
w@ni0g/0012¢0 surf ace structure of the filns, as cePCI/BE2006/000183

determ ned fronthe observed 0.3 eV to 1 eV shifts in

the Al um nium 2p peak position in XPS studies

described in Exanple 11 bel ow. Exenplary applications

ndraseane | essd hylde ophal atesanfanemey beqbydedganebonded to

ovj di n h dro hobi ¢ sur aces in mcr st ens, and
Sepahutr BBPRPE Al GHe SR A pghina.  The

é‘é{%&ﬁ@d Fi |d&éri@t@| Rl Ba fcbrll mcﬁ@n sh?ri?aé@”@&ar’&ze Th®umina
al um na nenbrane may be obtained conmmercially, for

estplpipiee  CROMLRhdBHdr Sei eadieecthat erasattiionalbetween the

t
SOIPARYL PGRERS ECUL 15U Lot AL o500 ATBLE S soup
ot ht)]del nclau]dexWat:rralabtlm) Amoditsef t gx@ds ig GOmp (a).
th| ckness having 0.1 mm nom na] pore size, Whatmap(tm

InroR SR hy - 180 oF B EhECRSSEReRl X DL DPFme bR Raf Tom
POk es§LESce 208 YhHAt maRiM: Mls&q{et M HmSHRe can be

t hi ckness having 0 .2mm nom nal pore size. The al um na
mn@r%mcé clan aﬂrso a@e-dsymdﬂs@l@eﬂd i(d.ehe | @bosphoryc acid

EH00R IS, BLetangy (8 AN R LR o tumine

mﬁﬁe arld etrsa/mmysrém@fre t bige ah 48H Nide HEBRE DAL CANions.
i nvol ve, RF sputtering an al um ni umtarget to form an

al umi $ittiPRP1¢ nR6hdE SEFStTM IHDr tRRaRpPeica acid can be

an inorganic acid selected from the group consisting
phosphoric acid, sulphuric acid, hydrochloric acid,

nitric acid, and combinations thereof.

Accordingly, the disclosed method may comprise,
before step (a), the step of:

(£) forming an aluminium film on a substrate by RF
sputtering of an aluminium target; and

(g) anodising said formed aluminium film to form

said alumina f£ilm.

The method may comprise, after step (g) but before
step (a), the step of:

(i) dimmersing said alumina film into an acid.
Carboxylic Acid Solution

The carboxylic acid can be of the formula R(COOH)y,

wherein

12



gl ass substrate) , foll owed by anodi sing the al um ni um

filmwth oxalic acid (H2-CCO2H ) to formthe
wa@bwmoa4orenbr ane. The al um na nenbrane can t hpeT/B€2006/000183

rinsed with an inert solvent and dried in an oven.

During anodi sation, a significant anmount of acid

anions are incorporated onto the surface of the

aIunﬁndnenmmaaéiphadithhydxabamboankpnnnnyobeahyéﬂaganic

bonded to t %ghydrox | de groups on the surface of the

al unt'NEEOFREPRHsIFBYER 0REFat e anion on the surface of

t he al 4@ naorepbrane can inhibit or reduce the .
reaction between the hydroxide group of the alum na
and the carboxylate group of the carboxylic acid in

t he @x e car Y,
2 SR8, 3 Be(aln SRR AU SRR Wi s
hakimnibaabnfarrbrﬁiegcﬂehé nEndmanéhean daﬁaupnmtsﬁdlsﬁlﬂ@ of

cid ut| hosphori ¢ aci d_ sol ytion)

SEE e IR ﬁéafaﬁbsﬁ ShrAtACE 1t Lone SdIGHRIAR- w@ﬁ‘ﬂfﬁ’élﬂés and
camgihaeﬁggg £gap¥ert he adsorbed oxal ate ani ons .

Sui tabl e acids for renoving the oxalic acid can be an

inorganic acid selected fromthe group consi sting

hosgho ri [ rochl oric acid,
pltch é%ﬁdqggga ?%%ggﬁhtl %% tal é' % 8@8P&FH§F$ltuted
au:bmauusclmmcmudmd mye@@émr if$em bﬂfeorgr@ﬁpp coakisting
he, ste éﬁh formng an alumniumfilmon a
%ubQFPé yEREUEDut t BYLHG - of RARRAPYA nPDf t SPEELNaZAGNS

thg}e@@od|3|ng said fornmed alumniumfilmto form said
alumna film

Where R is an optionally halogen-substituted
aliphatic hydrocarbon, R can be an alkyl group having 1
to 6 carbon atoms, an alkenyl group having 2 to 6 carbon
atoms or alkynyl group having 2 to 6 carbon atoms.

The carboxylic acid in the carboxylic solution can
be a halogen-substituted carboxylic acid.

The exposing of the alumina film to a carboxylic
acid solution, particularly a halogen-substituted
carboxylic acid solution, and wmore particularly a
fluorinated carboxylic acid solution, can increase the
hydrophobicity or reduce the hydrophlicity of the surface
of the alumina f£ilm. Carboxylate groups, particularly
halogenated carboxylate groups, and more particularly
fluorinated carboxylate groups, are generally hydrophobic
in nature, i.e., less hydrophilic than the alumina f£ilm.

Accordingly, the chemisorption of these groups onto the

13



The nethod may conprise, after step (g) but before
step (a) , the step of: (i) immersing said alum na

wo poomodn2e® an aci d. Carboxylic Acid Sol uti on TPET/SG2006/000183
carboxylic acid can be of the fornmula R(COOH) n,
whereinR is an aliphatic hydrocarbon group or an
aromati ¢ hydrocarbon group; and nis 1 or 2 . R can be
anrbpce ordl lthehal logeimas ubsimt ubad rehideltatilee surface less

| f . i St f
WHRERERI R SFaRerearetrrhail o, ol kenyi 5. 8l Kynyl s

and cRabhed§esssIPLr eehe RIGABRINSARE b ARLPNAL | Vacig
hal ogen-substituted aromati c hydrocarbon sel ect’ed from

et oRptrohbisetey detoenination| ofl surfage, coverage of
h .conpi:nat i ong_ r . er i Sean

%&g?i g%)gfblo;% 5}ﬁél‘%o g@ea nl-r&zujblgt |§(t El}? S’d e%{?tp%a e|Cgcrr%yndr %@%?BJS%?COP y
RKRan béudneal kyf gheupitmidas lako tﬁud:ahbmﬁglaﬁo%onancan
| kenyl group having 2 to 6 carbon atons or alkynyl
?%%5¥%vi Ag 29t ouégﬁiﬁfe_boﬁla& 5. Tthe Cditboxdd i ctiRi dhigh
doht iRl K@k PoXvied sSobet i N K Re @ O>_|<_¥]gen atoms op the
hal ogen- substituted carboxylic acid. e exposing o
$Wefaf@nina filmto a carboxylic acid sol ution,

parti ar al n-substituted carboxylic acid _
sdtﬂ?ﬁ%, gﬁﬂgﬁ%regggrgiﬁﬁQqu %Q?Fﬁorﬁﬁate ¢ halogen

Davbokyhted ach tbsoy Ui ¢ 08cidaBahn®kedse #e range selected
from the group consisting of 1 to 10, 1 to 9, 1 to 8, 1
to 7, 1 to 6, 1 to 5, 2 to 10, 3 to 10, 4 to 10, 5 to 10,

6 to 10, 7 to 10, 8 to 10, 9 to 10.

The halogen can be fluorine and the corresponding
halogen-substituted carboxylic acid is accordingly a
fluorine-substituted carboxylic acid.

The fluorine-substituted carboxylic acid may be
selected from the group consisting of fluorine-
substituted acetic acid, fluorine-substituted propanoic
acid, fluorine-substituted butanoic acid , fluorine-
substituted pentanocic acid, fluorine-substituted hexanoic

acid and combinations thereof.

The halogen-substituted carboxylic acid can be a
fluorine-substituted carboxylic acid selected from the
group consisting of fluorine-substituted benzoic acid,
fluorine-substituted toluic acid, fluorine-substituted

naphthalic acid and combinations thereof.
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hydr ophobi city or reduce the hydrophlicity of the

surface of the alumna film Carboxyl ate groups,
w@arwioezh@r | y hal ogenat ed car boxyl at e groups, BOTSGEmO&000183

particularly fluorinated carboxylate groups, are

general |y hydrophobic in nature, i.e., less

hydr ophil'i c than the al unm na flln] Accordi ngly, Fhe

chent88r pEREROBY Liles @ Qjicbupso ontiont hesay f acemptikbe the

Loas LI Lmascan gk he, surface | ess hydrophilic
c%#yﬁ%ggl%y r8%ﬁo%?ggg§g$énf%beSle%Eg?9ﬂ§:hgfgﬁgﬁgred The
orgabbxylsiod varitd sah ubicona f @%in'—ip}’o.a_taQS Qﬁl@élﬁ‘r%( ngta ;/ B 0f on—

verage of the carboxylic acid in X- .
oFHER oddrin SPRoti0oeBpy A SudhesosenrhEbst tuted
ot B€esoBsehhe hal ogen atom can function as a unique

marker in view of the high contam nant | evels of
Car bAite ahalonggerubebitubadt lve geurifacen 1 ve: nombeprofide

h { i | ogensupstituted carboxylic
aag*) aggﬁgngﬁb? égﬁgﬁge 8Fec€%ﬁ f?%if ¥§:§?€§Heeg tthe
adrsista dugo 30d 1the Shyd2okod8 . o ¥l 0y
i Hia g @rz t% 10, 3 to 1074 to 10, toEQle, 6to >

5 1 v
t%g}#:ghfﬁ, Wy 28, Yty AeTheIRBPEgéhycaiRWmBIrs the
rdhuaridie B MaLoPARNINANA AIILLRUDSLLEH! 8 jene

carboxylic acid is according fluoriné- stibs

TRy et s tithecd thoxy het s upsoip it ef ?1_@@ b@aé?ﬂ;wylic
oL 9.1 5 SHEELEFLLAA0E U, STTRBTR B, o

pr opaiitci caci Iy f | wias i ey s téd s ey Pt 001 §s AL feral1y
hQUS“TgJ“§%¥¥%£f£%§HEn water or aqueous solution, and are
generally more soluble in organic solvents such as those
disclosed herein.

The optionally halogen-substituted aliphatic
hydrocarbon may be selected from the group consisting of
straight or branched chain alkanes, ketones, ethers and
mixtures thereof The organic solvent can be an alkane
having 1 to 6 carbon atoms, a ketone having 2 to 6 carbon
atoms or an ether having 2 to 6 carbon atoms. The
number of halogen atoms in the halogen~-substituted
organic solvent can be in the range selected from the
group consisting of 1 to 6, 1 to 5, 1 to 4, 1 to 3, 2 to
6, 3 to 6 and 4 to 6. _

The halogen may be chlorine and the corresponding
halogen-substituted organic solvent is accordingly
chlorine-substituted organic solvent.

The chlorine-substituted organic solvent may be

selected from the group consisting of chloroethane ,

15



pent anoi ¢ acid, fluorine-substituted hexanoic acid and
conbi nations thereof. The hal ogen-substituted

w@ a00posehe ¢ aci d can be a fluorine-substitut edPCT/SG2006/000183
carboxylic acid selected fromthe group consisting of
fluorine-substituted benzoic acid,
fluorine-substituted toluic acid, fluorine-substituted
Gaphtort oranei dchihdrobnbanat i aisldiwpeadfare chlorohexane

b ic .acid | ution may conprise the carboxylic
agrgcl{ d&%%{%ls%&}tsleocflsf ﬁtqﬁreo? ani ¢ sol vent. The organic
sol vertie cancgbexydic pol akigol vertiutile nompgl ar nave 2
sol vent can be an optionally hal ogen-substituted

Wt}“a%ﬂfcrasfdi%nts.élﬁﬁ?é%l éger- stibst | oupel orgaafieting of:
SAmend . 6 Q:rcpvégﬁu@ POl Q}BoSEV'd.W”éoI (h%g)otu € 0.1M;

reacti on between the carboXxyl ate groups an

Fpedriox ¥ Mgrioupshodtt 0 slhaughit thadlgued afout 0.7M; and
i enerally, fayours the formation of |ess

Ebgﬁg{qggﬁgédghﬁﬁ%ﬂ%ﬁ % as the reaction between the

carboxyl ate groups of the carboxylic acid with the

hydr oxi de groups of the alumna film Additionally,

t he organic carboxylic acids generally have | ow

solubility in water or aqueous solution, and are

generally nore soluble in organic solvents such as

t hose di scl os@kiket Sancrilyeiopt iohdtawings

halogfp-substituted aIighath hydr ocar bon may be
sel ect’€d FFEMPREYIPGup EBHSPEEI nglbrsEEphpght oiisclosed

chiaaahree Chahd alkanresyokehgnesin ether pr:ﬁﬂgc:[gféé” ®F the
t hereof The organi c sol vent can be an ane

disclosed embodiment. It is to be understood, however,
that the drawings are designed for purposes of
illustration only, and not as a definition of the limits

of the invention.

Fig. 1 shows an X-ray Photoelectron Spectroscope
(XPS) Al 2p spectra taken from the surface of untreated

alumina membrane of Examples 1 to 3;

Fig. 2 shows an XPS Al 2p spectra taken from the

surface of treated alumina membrane of Example 1;

Fig. 3 shows an XPS Al 2p spectra taken from the

surface of treated alumina membrane of Example 2;

Fig. 4 shows an XPS Al 2p spectra taken from the

surface of treated alumina membrane of Example 3:

Fig. 5 shows a combined XPS Al 2p spectra of Figs. 1
to 4;

Fig. 6 shows an XPS C 1s spectra taken from the

surface of untreated alumina membrane of Examples 1 to 3;
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having 1 to 6 carbon atons, a ketone having 2 to 6

carbon atons or an ether having 2 to 6 carbon atons.
wab@7moober of hal ogen atons in the hal ogen- suPST/BGLNEH00183
organi ¢ solvent can be in the range selected fromthe
group consisting of 1to 6, 1to5, 1to4, 1to 3

, 2to 6, 3to 6 and 4 to 6 . The hal ogen may be

chl orfie. and s$hewsomnesppndicngl Halspgenraubsiként €om the

organi ¢ solvent is accordingly chlorine-substituted
%%%ﬁ% |%?ﬂ?e<;r%1%fb% iTHRILREARR | Qhit R bant ¢

sol vent may be selected fromthe group consisting of
chl or%“éiha%e SRIWDr 8pr opBtheC cht oEBlsGitaife, taken from the

Shl erapent %a@éﬁgp{s Gnid- é*béf‘g&%&glé her eof .

The carboxylic aci ol ution cané:lﬁave o entTati on

sel e f o gr.ou nsi stin f. about., 0.0 to
aboufﬁl?.j'll\/P ar%)ljé)%}}?s 0%813%%% abgfu% %.p%ﬁltra oﬁ?k%r.lo%%otnb the
sabolgcd. dM t edridd e i ri= redtaitarde 704 Redhsibout; 0. 0
IMto about 0.3M Brief Description O Draw ngs The

accorguanyi bg drawWsgeni kipgstratle agi®GidSeHdken from the
enbodi ment. and serve to explain the principles of the

WA TGsedfenppereritd BRd st¥eabeduriemsinodmenbrenes, of

Hhalptde drawifgs are designed for purposes of
illustration only, and not as a definition of the

[P m tgs of e_i ntj.o i q. sh n. X.r

phot i Hon hRUET e st fy o WP Neb R fngn the
gfumfmddheosurdmicee fedintthelat €eated alumina membranes of
Examples 4 to 6;

Fig. 12 shows an XPS C 1s spectra taken from the

surface of untreated alumina membrane of Examples 4 to 6;

Fig. 13 shows an XPS C 1s spectra taken from the

surface of treated alumina membrane of Example 4;

Fig. 14 shows an XPS C 1s spectra taken from the

surface of treated alumina membrane of Example 5;

Fig. 15 shows an XPS C 1ls spectra taken from the

surface of treated alumina membrane of Example 6;

Fig. 16 shows an XPS F 1s spectra taken from the
surface of untreated and treated alumina membranes of

Examples 4 to 6;

Fig. 17 shows an X-ray Photoelectron Spectroscope
(XPS) Al 2p spectra taken from the surface of untreated

alumina membrane of Examples 7 to 9;

Fig. 18 shows an XPS Al 2p spectra taken from the

surface of treated alumina membrane of Example 7;
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al um na nenbrane of Exanples 1 to 3 ; Fig. 2 shows an

XPS Al 2p spectra taken fromthe surface of treated
wa@bwmon4orenbr ane of Exanple 1 ; Fig. 3 shows POI/S&H04D00183

2p spectra taken fromthe surface of treated al um na

menbrane of Exanple 2 ; Fig. 4 shows an XPS A | 2p

spectra taken fromthe surface of treated al um na

menbr Bhe- of FOEff® 31; XFSg Al SpowpestEsntiaten XPsom the
2R REEL LR OLeElgs: atuhond meﬁbg n8 8@0%@5 %<F’§,C I's

spectra t aken romt e surface O untreate um na

merrbr Of OE)%AL é 5(%83 AlFl Q}P fspég:%\(g% akéFr)lS grc')z% the

spectra fake surface © t um na
ﬂ@nﬁaa@eoﬁftEﬁaﬁpaealumlﬁagmeﬁbshﬁmsoanEXEﬁpCéI9;
spectra taken fromthe surface of treated al um na

menbr apg. ob 1 Exappke a2 donfiihed xOWS] aflo XESe&c ks of Figs.
1ﬁgectra taken fromthe surface of treated al um na
nb? af®’ of Exanple 3 ; Fig. 10 shows an XPS F Is

spectra taken fromthe surface of untreated and
tr eat Bd9al @@ naheedrbranesP Bf CEXanpsesclirao takenri from1the

?rea?e%ﬁ‘aé%eg@ §het x%@né%@ﬂn%éﬁg‘ EE%%E&%%? of 5o 9

Feat unlna nenbranes
to 6 Flg 12 shoms an spect fr
t he sur?ace ofs%%W?egpe3é§? §| ngﬂ%?é %Piﬁ§b ?%% the
éui@a@e,oflgreéﬁeahQMBm@ﬁaXHémgihﬁeS@@CEkameKGM;from
the surface of treated al um na nenbrane of Exanple 4 ;

Fig. 24 shows an XPS C 1s spectra taken from the

surface of treated alumina membrane of Example 8;

Fig. 25 shows an XPS C 1s spectra taken from the

surface of treated alumina membrane of Example 9;

Fig. 26 shows an XPS F 1s spectra taken from the
surface of untreated and treated alumina membranes of

Examples 7 to 9;

Figs. 27 to 31 show Scanning Electron Microscope
(SEM) micrographs of glass-supported membranes of Example
12 exposed to phosphoric acids for 0 minutes, 15 minutes,

30 minutes, 45 minutes and 60 minutes respectively.
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Fig. 14 shows an XPS C |s spectra taken fromthe

surface of treated al um na nenbrane of Exanple 5 ;
wWo2@r/0aB46hows an XPS C |Is spectra taken from PEESG2006/000183

surface of treated al um na nenbrane of Exanple 6 ;

Fig. 16 shows an XPS F |Is spectra taken fromthe

surface of untreated and treated al um na nenbranes of

Exanples 4 to 6 ; Fig. 17 shows an X-ray Photoel ectron

Spectroscope (XPS) A | 2p spectra taken fromthe

sur f adetefi et Ddatcde salraemofa anPriefarecdfl EFuobaddiment/ to

hows an XPS Al .2p spectr t aken fro t he

Sur f NS -dt e A e AORIRB @ o e e TP ae i 11
bt ShoVEe ANG KBS Abedp 1§pe§£é§téﬁk@€tfaﬁqmﬂ3heréQéf:@ﬁ@e to

of treated al um na nmenbrane of Exanple 8 Fi g.
Sﬂ?@\ks‘-la?n KRranple®p wpéehr shcadeh mqabnbteheccstmma@d ofts 1in

B A T e P

22 shows an XPS C Is spectra taken fromthe surface of
untreated al um na nenbrane qf anples 7 to 9 ; Fig.
23 shows an XPS C |'s sF&@™Pa% &kén from the surface of

tr ept&shAl el 68 CBRRLAGEa PIy EXPID] Ve  MEWBrand §594G

an XPS C I's spectra taken fromthe surface of treated
al um na nenbr xdf3uopoarsitd 8 Acif olmtismows an XPS C
I's spectra taken fromthe surface of trea §2%p| al.um na

S

Tomb i En g LB ATETERE FHGA IS H AROGFS KP5 40 | diaving a
t%e%%kﬁ%sta%%n %bﬁﬁ1tggd 0.1lpm nominal pore size, was
obtained from Fischer Scientific International, a company
incorporated in the United States of America.

A halogenated carboxylic acid solution was prepared
by dissolving 0.03 moles of trifluorcacetic acid (99

vol.$%) in one litre (1000cm®) of pure 1,2-dichloroethane.

The alumina membrane was immersed in the carboxylic

acid solution, and the carboxylic acid solution was

refluxed at 60°C for 2 hours. The refluxing was carried
out in an enclosed flask having an outlet connected to a
Liebig condenser, such that any wvapour given off during
the heating condensed and flowed back into the carboxylic
acid solution.

The alumina membrane was removed from the carboxylic
acid solution and was rinsed with de~ionised water to

remove any residual 1,2~dichloroethane. The alumina

membrane was subsequently dried in an oven at 45°C for 4

hours.
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surface of untreated and treated al um na nenbranes of
Exanples 7 to 9 ; Figs. 27 to 31 show Scanni ng

weEb@coorm M croscope (SEM mi crographs of PCT/SG2006/000183
gl ass-supported nenbranes of Exanple 12 exposed to
phosphoric acids for O m nutes, 15 m nutes, 30
m nutes, 45 mnutes and 60 m nutes
respectively. Detai |l ed Beamrdsure of a Preferred
Enbadi : e i ocl udi o
roder eapfiprE oS, bohek 80 F Y Ry T1ab 08 Hahigah L pRER
reference to sped@difiluoeaiparatsnaid aeizhoul d not be

construed as in any way limting the scope of the )
i nverti®on® I BRAAP| Fepistanes qpie fasd IGomioréd Bl fyeated in

NRIdRhle Ve ane Wadibdl Tddd Uannacet] G :Aghsh S0l Utd Qbpt

An al um na nenbrane (Whatman(tn) Anodi sc(tn) 25)

tha ridhea hadiadarese bfcaatmuydid @didmuaed nial Yorse Example
[ [ f.rom ki scher Scientific

W%ﬁfg%ﬁﬁ?ﬁ%ﬁgﬁgﬂgﬁggﬁﬁbﬁvmfﬁcorporated in the United

States of Anerica. A hal ogenated carboxylic acid

sol ution was prepared by dissolving 0.03 noles of trif

| uoroacetic acid (99 véEaPIsh Jie litre (1000cnB) of

pUr@réatﬁéﬂfCQE0@8ﬁﬁ5§8§ali§eaaéﬂﬂgﬂﬁenﬁ@ﬁﬁ?ﬁﬁeﬁ9§ing

imrersed in the carboxylic acid solution, and the

car boxyl i ¢ Zid 3 f-Ren el ucafdhererbia 280@ f or 2

hour The., ref ] uxi_ng,was car%iggiout i n.an_encl ose
t

P ATt hGTaRE o (SRt G TLE [1ogip  to88ted in

acoRdeRRye WEUEh dHkatmaaMo AR PR LOHx 41 a t heicept
heati ng condensed and fl owed back into the carboxylic
that the halogenated carboxylic acid used in this ‘Example

was 2,3,4,5,6-pentafluorobenzoic acid.

Example 4 -
Treatment of Laboratory Synthesised Alumina Membrane
Using Trifluoroacetic Acid

An aluminium film was formed on a microscopy glass
slide by RF magnetron sputtering (80 W; power density of
7.1 W cm™®) using an aluminium target in an atmosphere of
argon at 6.67 x 107°® bar (5 x 1073 Torr). An alligator
clip was used to connect the aluminium film to a direct
current (DC) power supply. A platinum gauze counter-
electrode was provided and an anodisation voltage was
applied between the aluminium film and the platinum
counter-electrode. Anodisation was performed at ambient
temperature for 7 minutes at 40 V in a 0.10M oxalic acid
solution (HO,~C-C-05H) . The anodised film was then

rinsed with 18MQ-cm resistivity water and immersed for 5
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acid solution. The alum na nenbrane was renoved from

the carboxylic acid solution and was rinsed with
walesorom28ed water to renove any residual 1 PCT/SG2006/000183

, 2-di chl or oet hane. The al um na nenbrane was

subsequently dried in an oven at 45C for 4 hours

.Exanple 2 - Treatnent of Commrercially Avail able
miamiregnel tUséng aléieuefdmmpbmianmi coptadnTheg &l.2éiMhechromic

rane of ated . n accorgance wth
acﬁgb c?esc | be OSP%QE?T%I e a1Cl<:{]exceptrlch‘?1at f%g

slmavls@gl@mttaqr caihexyl iwidGei datsed | aribds fixanfilre wA8 re-
per f | uoropent anoi c acid. Exanple 3 - Treatnent, of

a@orrerel &t  OMv Hatanl @H@é%ﬁ?rsar%éq Ut Prrleg apid solution
t@ @Qﬂﬁ@féﬂgrQ?@ﬂiﬁbcné&kQa£E§ al?ﬂénélﬁﬁqgﬁaﬁ%ng&ane was

Exanpl e was treated 1 n accordance wth the nethod

rdesed) bﬁem Rl d watexeefid tdwaied hin hah ogesat &8 60°C
carboxyllc acid used in this Exanple was 2 ,3 , 4,5

06 P ROXr S - uorTéﬁerfﬂﬁI%edacq]dlmlB@aﬁ%ﬁl@ﬁPne Thasatdrerti gfness
I%?H 0%/00?}{&“5}?&'@1’?9 ﬁbrgk.”ﬁa% ha%%elf%lg{r’ég dia eter of

| uor oaceti c Acid al um nium m was
2l®mmr.oscopy gl ass slide by RF nagnetron sputtering (80
W, power density of 7.1 Wcm 2 ) using an al um nium
target in an atnosphere of argon at 6.67 x 10 6 bar (5

X 101l IuminaAMmahbt &9 Ofras subsequently treated using

the method as described in Example 1.

Exanmple 5 -
Treatment of Laboratory Synthesised Alumina Membrane
Using Perfluoropentanoic Acid
An alumina membrane was formed on a microscopy glass
slide using the method as described in Example 4, and the
formed alumina membrane was treated using the method as
described in Example 1, except that the halogenated
carboxylic acid used in the Example was

perfluoropentanoic acid.

Example 6 -
Treatment of Laboratory Synthesised Alumina Membrane
Using 2,3,4,5,6-Pentafluorobenzoic Acid
An alumina membrane was formed on a microscopy glass
slide using the method as described in Example 4, and the
formed alumina membrane was treated using the method as

described in Example 1,- except that the halogenated
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clip was used to connect the aluminiumfilmto a

direct current (DC) power supply. A platinum gauze
w@owiverdd ect r ode was provi ded and an anodi sat POTSG2006/000183

vol tage was applied between the alum niumfilmand the

pl ati num count er-el ectrode. Anodi sati on was perforned

at anbient tenperature for 7 mnutes at 40 Vin a

TRUIFOKEE | caaEd d Bobdt i b (HOR- Egupke) waFhe2,3,4,5,6-

%?ggﬁﬁgodgég&mct enyrinsed with 18MWMcm resistivity
er ‘and 1

nmersed ToOr 5minutes in an aqueous sol ution
contai ning 0.20M chrom c acid and 0. 30M phosphoric
acid. The filmwas subsequently rinsed with water,
dried in air and reanodfX¥PL® A0V for 7 nminutes in

t herexdhicn taeird 1aelosbitdRyt Syhth@siRe Al Hdig IR
The al um na nmenbr ane was ri nsed with de-ioni sed water
and dried i n anUsvag FriddaorgaceticuPsidrhe f or ned

al um a thickness of about_ 400nm and
t he 5%? ea[sﬁﬂg%gggrﬁg@%ﬁ%%ew%%a F879 of 1 2B CFRECOPY glass
sl e s ATRITOY 1ok Emanetso & Ubs ediedt 1 e dl I Bt BEams1894) hend was
et hod as described in Exanple 1 . Exanple 5 -

ISRt 18f RRBRRRBEY SFAChesP SR AR unithaveenb) ader 30
SR Pl | 4L anent aaml & A6k fe AN ﬂh&”&f&nﬂﬁ&%@xﬂﬁrgﬁé was
formed on a mcroscopy glass slide using the nethod as
rraxsrrdbetirdm Exanphesphorandache fsorlned cad lmdawas rinsed
nenbr ane was_ t%eatted using the nethod as described in
"Bxanpte Lo EEEP T hat the hal ogenated carboxylic

acid used in the Exanpl e was

The alumina membrane was subsequently treated using

the method as described in Example 1.

Example 8 -
Treatment of Laboratory Synthesised Alumina Membrane
Using Perfluoropentanocic Acid

An alumina membrane was formed on a microscopy glass
slide using the method as described in Example 4, and was
immersed in phosphoric acid solution (3 vol.%) for 30
minutes at ambient temperature. The alumina membrane was
removed from the phosphoric acid solution and was rinsed
with de-ionised water.

The alumina membrane was subsequently treated using
the method as described in Example 1, except that the
halogenated carboxylic acid used in the Example is

perfluoropentanoic acid.
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perfl uoropentanoi c acid. Exanple 6 - Treatnent of
Laboratory Synthesised Al um na Menbrane Using 2, 3,4,5,
w®G2Man0f0 uor obenzoi ¢ Acid An al um na nenbr aneP@ESG2006/000183
formed on a mcroscopy glass slide using the nmethod as
described in Exanple 4 , and the forned al um na
menbrane was treated using the nethod as described in
Exanple 1 , except thaf*@M@lRalogenat edcarboxylic acid
useibd nd e &l & , ﬁ?ﬁ%é%ﬁ@§QAfﬁ$¥ﬁéqggﬂggé%e
acid. Exanple 7 - Treatrent™ o aboratory Synthesise
Al uni na NisibgaRe 3U4i, Bg 6FPehitadloacebenzAdicd A&idal uni na
menbrane.was_forned on a m croscopy %]ass_slide usi n

f
the fBt AOH"AR2BEEPIBEE FRSEFRAPRE 81 aafd GRescopy glass

sl iaer 686nyn tRBOKBABLHC a8C e s2@H BEWOA n( TxEMH1%) 4 0530 was
,mnutes at anbient tenperature. The al um na nenbrane
s rreftovied PRefPhRE1phcspidr selatiensol Ut ived .&4nd fes 30
j it - j,oni . Th | um na _nmenbr ane was
e ubh PP PbE saeel At ke mirBod el ade e Bagrin vas
rémanpte fomExarplhEphobrigataeid ob1baben abfAdywas rinsed

Sg tgeslsed AIun%ga Menbrane Using Perfl uoropentanoic
W%‘Fd Ant8ruifHaYAERbr ane was formed on a ni croscopy

g|aS$h§|h@@mﬂ%bn%éHE%dﬁgrwggE@h@§§&%&9@ﬁyiErgé?gﬁl%sﬁng

and was i mersed in phosphoric acid solution

tb@|mg¢hqﬁ 89 described in Example 1, except that the
halogenated carboxylic acid used in the Example was

2,3,4,5,6-pentafluorocbenzoic acid.

Example 10 -
Analysis of Treated Membranes of Examples 1 to 9

Examples 1 to 3

The untreated alumina membrane (Whatman™ Anodisc™
25) was analysed using an X-ray photoelectron
spectroscope (XPS) to study the 2p orbital of aluminium
atoms on the surface of the untreated alumina membrane.
An XPS spectra depicting the analysis result is shown in
Fig. 1.

The treated membranes of Examples 1 to 3 were also
analysed using the XPS to study the 2p orbital of
aluminium atoms on the surface of the treated alumina
membranes, and XPS spectras depicting the analysis
results are shown in Figs. 2 to 4 respectively.

Fig. 5 shows a combination of all of the spectras

from Figs. 1 to 4.
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m nutes at anbient tenperature. The al um na nenbrane
was renoved fromthe phosphoric acid solution and was

WO 2003mali2we t h de-ioni sed water. The al um na nMenbCERE2006/800183
subsequently treated using the nmethod as described in
Exanple 1 , except that the hal ogenated carboxylic
acid used in the Exanple is perfluoropentanoic
aci d. Bxanpher@atedr edifumeinia ofhelnhbanat ofithaSymrdT¥sizsedii sc™

m na e 2,3, 4,5, 6-Pentafl] uorobenzoic
é&y@ Al 5%i%§: q%ﬁygﬂ%mﬁé§n?6rﬁ€%:Qﬁ?%P#ﬁc todCopyr were
Blagse S| érﬂﬂ}#@é@%éfﬁg n@ﬁ@%@%@e%ayeghé ny @éﬂﬂ@aﬂ of

, and was i nmrersed i n phosphoric acid solution
cRtbaey gm0 einuths a$unﬁ®¢%nv3feﬁ%ﬁiaﬂ@m@raﬁh@ XPS,

B o vae i e R RS VRl e TRESR

Elgmi na nerbresspe@siwbsequent |y treated using the
met hod as described in Exanple 1 , except that the
hal o&ﬁat éatéaab@%ylalclmmad newdranet Hehetaml™ Wadisc™

245 Safq PRl er ARl 26l L BRI 10 e

Exanphrsl st Asiheg wid erpsdtal Wiy MERSr aRe orbital of

What man(t Anodi sc(tm was anal ysed using an
%*Fﬁyjﬁho?58mécﬁﬁbntgﬁbc??%%%%%eCFXP ;etdn%kaﬁn@%e 2p<PS

éﬁﬁﬁﬂsoﬁeﬁheﬁhﬂbw? ONRa st e s face 8F Wien sample
unt reat ed al um na” nmenbr ane.
are shown in Fig. 10.

Examples 4 to 6

The untreated alumina membrane supported on the
glass slide was analysed using an X-ray photoelectron
spectroscope (XPS) to study the 2p orbital of aluminium
atoms on the surface of the untreated alumina membrane.

The treated glass—-supported membranes of Examples 4
to 6 were also analysed using the XPS to study the 2p
orbital of aluminium atoms on the surface of the treated
alumina membranes.

XPS spectras obtained from the analysis of the 2p
orbital of aluminium atoms on the surface of the
respective membranes are shown in Fig. 11.

The untreated glass-supported alumina membrane and
the treated glass-supported membranes of Examples 4 to 6,
were further analysed using the XPS to study the 1s
orbital of carbon atoms on the surface of the membranes.
XPS spectras depicting the analysis results are shown in

Figs. 12 to 15 respectively.
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An XPS spectra depicting the analysis result is shown

in Fig. 1 . The treated nenbranes of Exanples 1 to 3
woweoog/oad28® anal ysed using the XPS to study theP@pSG2006/000183

orbital of aluminiumatonms on the surface of the

treated al um na nmenbranes, and XPS spectras depicting

the analysis results are shown in Figs. 2 to 4
r espett® vEPFrepitgd TlarswsuPrRtinhatloniog aldmpfartcheand

j . a | um na
SRect s A0 £ 0% pdol O OB LILLEL L ELULOR 4 o
wenbrahes ahaExaepl esingotBe, XBsr eedf ey el ysedrbital

' the XPS. t tudy .the Is_orbital of carbon atons
G5 TRECLIPP alBOBF O TRMLTERERCS xoPStpedigancs . XPS

slepieta g depecanaby sitke  88HL L8187 & ShOWE | 9rFiQ%h 6sifpie
9 respectively. The untreated al um na nenbrane

IR tHH Bbdike(tn) 25) , and the treated

menbranes of Exanple 1 to 3, were also analysed using
the XPS to study the Is orbital of fluorine atons on
Exrmusled atetof9 t he menbranes. XPS spectras depi ct |an

t he al ysis results of each sanple are shown in Fig.

10. %P%ﬁria 896 SHrbegntd Htf ahGRPRAN fremiPReted on
SUPRArd A O dderH assa Sfdde Wos ANl e HSing: tron
X- rgj;l phot oel ectron spe% roscope ?XPS) to %Jf%dy %Elee%p
JrBTiraseTral BRI uRratstwsiyorthselgupthdkadf dthealuminium

AL AR TS T ABEAS stumine. membrane.
An XPS spectra depicting the analysis result is shown in
Fig. 17.

The treated glass-supported membranes of Examples 7
to 9 were also analysed using the XPS to study the 2p
orbital of aluminium atoms on the surface of the treated
alumina membranes, and XPS spectras depicting the
analysis results are shown ‘in Figs. 18 to 20
respectively.

Fig. 21 shows an XPS spectra containing all of the
spectras from Figs. 17 to 20.

The untreated glass-supported alumina membrane and
the treated glass-supported membranes of Examples 7 to 9,
were further analysed using the XPS to study the 1s
orbital of carbon atoms on the surface of the membranes.
XPS spectras depicting the analysis results are shown in
Figs. 22 to 25 respectively.

The untreated glass-supported alumina membrane and
the treated glass—supported membranes of Examples 4 to 6,
were also analysed using the XPS to study the 1ls orbital
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to 6 were al so anal ysed using the XPS to study the 2p
orbital of alum niumatons on the surface of the

wo e@anet4@l um na nmenbranes. XPS spectras obt ai PETSGE2006M00183
the analysis of the 2p orbital of alum nium atons on

the surface of the respective nenbranes are shown in

Fig. 11. The untreated gl ass-supported al um na
qﬁen%%la%l%%daiﬂﬁ@m o8atte® ghustacuppbr the membbrames .of XPS

f n u5| g the XPS
to st uags)sl téﬁ{ggfﬁln?m{r% g’?wg %n%la Sgl‘ra‘rLs on fheeaézglrfa%%ple
agfe tdteowrenbr afies. .26XPS spectras depicting the anal ysis
results are shown in Figs. 12 to 15 respectively. The
untreat ed gl ass-supported al um na nenbrane and the

rdmat ek S asF SHEPRY £ 8d ARADT 8BES He EBXANP! %@télhedﬁ From
were al so anaIqu)sed using the XPS to study the Is

wlaﬁsozf ¢ ydrine atonms on the surface of the

P ct de ti t he anal ysi s . r.esul
of ea E zéan%(l geggg] s%h%%vs |1Ph1£— agglféc If)?élr%p%l FaFioy gratlo
ckheflinbreéatedt @t ciadhial i nannewbé al’t&”e%tltﬁﬁph rm@ﬁb@anébe of
| ass sli.d s anal ysed using an X-ray phot oel ectron
E%ﬁ@’@tifosséog:éjm%(PS) to study the 2p orbital of
al um ni um atonms on the suffigee f the untreated
al um na nmenbrane. An _XPS spectra depicting the

anal ysis result is shown in FigExdfple The Exprepde @d| Example 3
glw@sires R porchsd corabiranes @) Exanpl &s T049ner g aiksa

AR SR UAYS it B n RS d@oms oy thesgP 12.99 16.38
F/Al atomic concentration ratio (%) 0.055 0.339 0.184

Table 2 below shows the atomic concentration ratio
of fluorine to aluminium on the treated membranes of

Examples 4 to 6.

Table 2
Example 4 Example 5 Example 6
Fluorine (F) atomic concentration (%) 0.82 4.38 1.56
Aluminium (Al) atomic concentration (%) 19.58 19.95 21.80
F/Al atomic concentration ratio (%) 0.042 0.220 0.072

Table 3 below shows the atomic concentration ratio
of fluorine to aluminium on the treated membranes of

Examples 7 to 9.

Table 3
Example 7 Example 8 Example 9
Fluorine (F) atomic concentration (%) 0.65 3.83 1.85
Aluminium (Al) atomic concentration (%) 24.83 27.73 24.70
F/Al atomic concentration ratio (%) 0.026 0.138 0.075
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orbital of alumniumatoms on the surface of the
treated al um na nmenbranes, and XPS spectras depicting

Wo b@7anahysis results are shown in Figs. 18 toPQDSG2006/000183
respectively. Fig. 21 shows an XPS spectra contai ni ng
all of the spectras fromFigs. 17 to 20. The untreated
gl ass- supported al um na nenbrane and the treated
gl asF28dFpdr tsd Atk AR oft Il st ks Jenerdted vy ethe 2p

ohwithar 8l XEedilishOg dihe (RS Lo Study the 15 orhital,

of carbon atons on the surface 0
nepbcangs @épuEectaurmxj,etshéy anally sirsl resid ts, arthes homidd were

2 tively. The untreated
ngtg%él eé E:ﬁ?rmt NP e an8ROYAd iPhEigseatled and 17
tel ass- supported rrenbranes of Exanples 4 to 6 , were
al so anal ysed using the XPS to study the |Is orbitalof
fluorine atons on the sufedde & the rrerrbranes- XPS

o

TWL ] h
S eC[raS Oe I Lall I l D I O . ™ .\) T -
P P 9 Tabul ?%nn ?Ak' ”‘Ex:qu 55 %P B 2

éll lna%aqu@evH}abP ?alltrl%nd(?—ypom Exanpl'2<$%1 to 9 [Tabl e 7Be7l6 ow

%]h%ttl’ﬁék 489 ¢ conclet-#at]i 3% al 7. 40T | 1/BL66r | Ne.400| 73.76

marfhnftumON t he treat @d7 ey, asies Whe EXa9TPs €6 o530 315

9
Tabl e 1T Tabte 2 betow-shows—the—atome—concentratto
ratio of fluorine to alum niumon the treated
menbr anes of Exanples 4 to 6 .

Example 11 -~ Results and Discussion of Example 10
Presence of Halogenated Carboxylic Acid on Surfaces of
Treated Membranes of Examples 1 to 9

Referring to Figs 10, 16 and 26, the XPS spectras
clearly show the presence of fluorine atoms on
commercially available alumina membrane of Examples 1 to
3 (see Fig. 10), glass-supported alumina membranes of
Examples 4 to 6 (see Fig. 16) and glass-supported alumina
membranes of Examples 7 to 9 (see Fig. 26) after chemical
treatment with the halogenated carboxylic acid solutions,
thereby suggesting the presence of the halogenated
carboxylate group of the halogenated carboxylic acid on

the surfaces of these treated membranes.

Comparison of Atomic Concentration Ratio of F to Al on
the surfaces of the treated membranes of Examples 1 to 9
Referring to Table 1, the atomic concentration ratio
of F to Al on the surface of the alumina membrane of
Example 2 (i.e., alumina membrane treated with

perfluoropentanoic acid CF3(CF,)3CO0H) is almost twice
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Tabl e 2 Table 3 bel ow shows the atom ¢ concentration
ratio of fluorine to alum niumon the treated

woresbioenes of Exanples 7 to 9 . Tabl e 3Tabl e 4r@EEG2006/000183
conpares the peaks generated by the 2p orbital of Al
atons on the surfaces of the treated nenbranes of
Exanples 1 to 3 and 7 to 9 . The val ues were obtai ned
o Offe BElrecBr dd -showne lwnbilgs menbgaged dreate@lwith

I . . EX. 9.
IS4 P, g B, &gl con o
PeaktbeVhe7Breddnéd oFl a/Jarfer huMte?30f481483rik6 atoms

Peak .Shift (e 0 .77 .69 0 .76 Q .89 0 .73 1.0 .
@(anﬁfékcﬁz)jcéégul ts 5% sc@kSi of off Bekigie 1@toms  in

Gy 088 boxyii b da£8msUL haegs. cdou.
Tri%tqgggcl\gén%rgﬁes o] %ﬁ%lses 11?%rgﬁRe?erIPi§n% tog%’l gsOH

10, 1Bhangteeict eoFPShepeieioms ralttéar |9f showe hAl on the
e orjine ne -on.commercially availabl e
%}E}?]_S&E‘Q oqu H’lg { eﬁéé’ Iaels LRSI réte?‘n%égnéi g(.)fll a’mple 1

um na menbrane O anp
¢l ass; sappolt€dnanbhana teehtadesioh Exapplesod4cteib acid

((észee Fig.. 16) and _gl ass-supported al um na nenbranes of

Aiites 6 1 ooBs tdekrlEty. LoBRratten L1 t Feat hERRtEd
Méhibrdes hal ogenahed car boxyl e &ci dsisiﬁ%]é“ LS, nunger of
t hereby suggesting the presence of the hal ogenate
Ehrpoiays ad'eoms oup OF:3Q0RH hiss o3emelt Bch cas bbeyeircthendthose
&P the acids used in Examples 2 and 3.

The results from Examples 4 to 6 as shown in Table 2
are consistent with those of Table 1. The atomic
concentration ratio of F to Al on the surface of the
glass-supported alumina membrane treated with CF3COOH
(Example 4) is considerably lower that of the one treated
with CF3(CF,)3COOH (Example 5). The atomic concentration
ratio of F to Al on the surface of the glass-supported
alumina membrane treated with C¢FsCOOH (Example 6) is
lower than that of the one treated with CF3(CF;)3CO0H
(Example 4).

The results from Examples 7 to 9 as shown in Table 3
are also consistent with those of Table 1. The atomic
concentration ratio of F to Al on the surface of the
glass—-supported alumina membrane treated with CF3COOH
(Example 7) is considerably lower that of the one treated
with CF3;(CF,)3COOH (Example 8). The atomic concentration
ratio of F to Al on the surface of the glass-supported
alumina membrane treated with C¢FsCOOH (Example 9) is
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the surfaces of these treated nmenbranes. Conparison of
Atom ¢ Concentration Ratio of Fto Al on the surfaces
wo@Roowloe12t0 eat ed nmenbranes of Exanples 1 to 9 RedEEG2006000183
to Table 1 , the atom c concentration ratio of F to A
on the surface of the alum na nenbrane of Exanple 2
(i.e., alumna nenbrane treated with perf
qumlbpéhﬁalnoibabcmf CkBe( Cr2y 3Ca@Htdcs alirbstCFs (CF2) sCOOH
{M “rrﬁ; at )of Exanple 3 (i.e., alum na nenbrane treated
Ey% 21 353 4 ,5 ,6-pentafl uorobenzoic acid C FsCOOH) .
Thi s Tten thesudites tméﬁ@fcm@swuf@e@i thaar gedr SHPEr s@f face
fluorine atons in CF3 (CF2)3COOH. There are 9 fluorine
SRS IS €3 ?%Féféeetvﬁdagym?ﬁ@@eml&%e%w j frecboxylic
a@ilQ:f@ hBvERG5 PO, r Tas- aﬁ%&rcweﬂgﬁég‘lbﬁn 5{1.35 10, Of fhis
on thé surfacé of the treated al um na ms rane
Wﬁu@a@plls@ 1S@Qg@st akbaitnahadapenatetir cateldomyihc acids

tr|fI ol cac i s_consi derably |.ower
#hoggl% the Engglét 8 P&fes ot 'Engﬁlp‘%/%%“m?@)an%ltoms
c%m. sichdevehebaugber afisétpoibne & ordhd NsGr3EEEH bE 3the

whi ch is _|ower than those of the acids used in
BN DTGNS  SHIRE duIRECTIRIR Exanpleer ine oswugests

I RSy EFPEC‘% Tabl e

m%éﬁgﬁ C%Eoﬁtc}g%?fr ati onégrgétq ocygo]%knff‘E %ro‘ﬁﬁé ort the

surffaases off tiie gl dsaighordmaralami na nenbr ane

treated with CF3COOH (Exanple 4 ) is considerably

| ower that of the one treated wth CF3 (CF2) 3COCH

ddosmgpl e Nod e H8 05 C EONCRN Fptd ONoF Al TR Dfad tRIAhina

on the surface of the gl ass- supported al um na nmenbrane
SM th CeF5COOH (Exanple 6 ) is

Referring to Figs. 1 to 5, a comparison of the XPS

GJ

graphs of the 2p orbital of Al atoms indicate about 0.6eV
to about 0.7eV shift in the peaks after treatment of the
commercial alumina membranes of Examples 1 to 3 with
trifluoroacetic acid, perfluoropentanoic acid and
pentafluorobenzoic acid respectively. The shifts of
0.6eV to 0.7eV suggest that a covalent modification
process is 1likely to have occurred between the
carboxylate groups of the acids and the hydroxyl groups
on the surface of the alumina membranes.

Referring to Fig. 11, shifts in the peaks of the XPS
graphs are not observed for glass-supported alumina
membranes of Examples 4 to 6 after treatment with
trifluoroacetic acid, perfluoropentanoic acid and
pentafluorobehzoic acid respectively. This can be due to
the exposure of the alumina surface to oxalic acid during

the anodisation process. Oxalic acid is known to form
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| ower than that of the one treated with CF3 (CF2) 3COCH
(Exanple 4 ) . The results from Exanples 7 to 9 as

W@ b@meoi2no Tabl e 3 are al so consistent w th thoBer/662006/000183
Table 1 . The atom c concentration ratio of F to A on
the surface of the gl ass-supported al um na nenbrane
treated with CF3COOH (Exanple 7 ) is considerably
Somktet bheletinbe bomelst redtlednetcah CERs( GER) 30OGWise, it

Exanpl 8 h t ' trati ti f to Al
b ERBedur re St R R esEth B it e b, ahabLe
theahed WideCebpCOBhe( Exanml €2 9 Juitsd@er thhan hhabering
of the one treated with CF3 (CF2)3COOH (Exanple 8 )

Trsegdant s sHrdecor ehamygest neaRatieong elverthaur faperine-
QSBgE%ﬁtéancgggégg'lﬁ%e%c@]ydyﬁ' ngp fal Q%eg@;ﬁggcfrted by the

carboxyl'rc ac ving a larger nunber ogen

absasvaThos wofll caral sonsuggdst thath harogendatiess of COOH
carboxylic acids haying a higher of hal ogen
GR088% L (Bl Frssrhed mbya Path: cr BB or bxASsne 6n  the
8Rehbeasuyf agerebtthe lawd-Ra RN 1 shiKe h88brane of
presence of fluorine su%gests the presence of the

Exgopilaatied(2ee b8yl atlel lgr ougLter t eCBLRgadds Hie glass-—
at an l.ent ifi ' . :
LAsagcLLa®" SR o SerUUBLent IORL T SAIARGL e acia

FEgsmplet 0)5 ,tle cpmpabirsabnofof heOXPS ggraaphsdetrédiees as

Zg orbital of Al,atong i ndi cat e about 0.6eV to about
BaRekesAPPR R FhE: peaks after treatnent of the

comergbal cgh UM Nee MEREanes, 0f  Biaml-8ipbdi@ed W Aumina
membranes pre-treated with phosphoric acid in Examples 7
to 9 showed similar peak shifts as those achieved by
commercial alumina membranes of Examples 1 to 3. The
shifts range between about 0.7eV and 1.0eV, thereby
indicating that a covalent modification process is likely
to have occurred between the carboxylate groups of the
acids and the hydroxyl groups on the surface of the
alumina membranes.

The results also clearly confirm the assumption that
residual oxalic acid left on the alumina films after
anodisation in oxalic acid, inhibit the covalent

modification process.

Comparison of XPS Spectra of ls Orbital of Carbon Atoms
on Surfaces of Treated Membranes of Examples 1 to 9

The XPS spectras of Figs 6 to.é (Examples 1 to 3),
Figs. 12 to 15 (Examples 4 to 6) and Figs. 22 to 25

(Examples 7 to 9) showed different results for chemically
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trif luoroacetic acid, perf |uoropentanoic acid and
pent af | uor obenzoic acid respectively. The shifts of O
WO d@V/oo4®. 7eV suggest that a coval ent nodi fi cBECT/862006/000183
process is likely to have occurred between the
car boxyl ate groups of the acids and the hydroxyl
roups on the surface of the alum na nenbranes.
BeeFefn@iBnimay. surfaskef tasi worpa yeshk§oofthhe urpgeated
gﬁﬁggé care not observed for glass-supported al um na
ranes of Exanples 4 to 6 after treatnent with
triflHoroagempteactdr pekefkblontpentanbirenacod @id. 8, the
e af | .uo oj.c acid respectively. This can _be due
%hé”ltexégg Ei 55 THEST Ui hdSsPFERRNED &¥al FEs agirgups-
ﬁuét@gs;h@nama@l sﬁlttlr%t%o%qaﬁm@aéaﬁf@@éd F§gkn@‘/"n this
to fornmstable chelating bonds with netal |ons and
PerbwrgsrespondingkepyCinats tHesexal i ¢ acid may have
forme su C y e I surfac
t hus ?% %é?ﬁgfgubéé%u%%%ﬁs%é?ggﬁéghgﬁlcqe ?%ac? %ﬁgal of
byetheatbunsinesuhstlkmiedjﬁﬁrb@mwfa@e§3|ds Thes kgeated
ﬁgorted e%the observation of an unusually

BREFBN TG GrEdAET r EPPesRiR T 6T ﬁ%%kfgﬁggéV?ted
@éﬁﬁ@ﬁ&lgﬂethérghﬁg‘C%hlYﬁﬂgrEgﬁf%Eég§sio§Up99étegreated

al um na nenbrane of Exanple 4 (see Fig
rephiagesf the gl asssupported al um na nenbranes using
phosphoric acid (Exanple 7), the proportion of COOH
group decreases as can be seen in Fig. 22. Chem ca
treatment of gl ass-supmxdmgdealigi-na menbranes
pre-treated_with Bgosphorlc acid in Exanples 7
Contact Angle alysis of Treated Alumina Membranes

Glass—supported alumina membranes used in Example 4

were treated in accordance with the methods of Examples 4

to 6, except that the treated membranes were dried in an
oven at 120°C for 24 hours. Contact angle measurements
were made on the surfaces of these treated membranes and

are shown in Table 5 below.

Table 5
Contact Angle (°)
Glass-supported membrane 83.1
Treated with CF3COOH 105.4
Treated with CF; (CF,) sCOOH | 105.0
Treated with CgHsCOOH 93.8

Glass-supported alumina membranes used in Example 4
were immersed in phosphoric acid (3 vol.%) over a period
of 0 minutes, 15 minutes, 30 minutes, 45 minutes and 60
minutes to result in membranes of different pore sizes.

The membranes were then treated with the process in
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to 9 showed simlar peak shifts as those achi eved by

comercial alum na nenbranes of Exanples 1 to 3 . The
wabio7wsi12nange bet ween about 0.7eV and 1. CeV, theT/8G3006/000183

i ndicating that a coval ent nodification process is

likely to have occurred between the carboxyl ate groups

h f f
PhcbhfafELIcuEng L HEa %’géglreg%igg ng’zsﬁeﬁeZEf@a"ﬁrgated
BeabtEReE h%e@%SlHMéan 4 haty rc?vc‘ ?‘I:o(i)é%l%cfa 224161 {18urs

on the alumna fil rrsafter ano N~ oxal i
tontact eheleowsaentr eneditfs om:r@mn@dece&s tHOPRF F SO of

ectra of, Is Obit of Carbon At ons_on
%?@%ggogéq’r%%%ﬁa%ﬁb?% 3D SESRpiRsTable § pkow.
XPS spectras of Figs 6 torQpi{&xgnples 1 to 3 ) , Figs.
12 to 15 (Exanples 4 to 6 ) and Figs. 22 to 25

TEEAPTES P ) [SHOREd ChrPereRtE - soelstigiaf ofreated  with
chem cal | ytreated abimirm surfaces as jcumparedtobtio the

wuntreated surfacesyss hor exanpl e, for e @tunna
anle At 200 Inll suggests the

@Eﬂbrdlle U| Fl Y. O 96 l3IIC pcar\ at—2 0=

NoeouvrTroeo

Alunina surface (Fig 6 ) , this peak c‘%?r?espondl ng to

‘CF is absent. Accofd#iingly, the XPS spdctitas of the Ts

sorbital of the carponszatons on the Ssurfaces of—the

Afrmthe- lbresence of

Teated menbranes—turther—cont+m-thepresence of
fluorinated carboxyl ate groups on the surfaces of the

tr edtethmerrEes ron Microscope (SEM) micrographs of the
glass-supported alumina membranes exposed to the
phosphoric acid for the various periods of time are shown
in Figs. 27 to 31 respectively.

The range of pore sizes achieved for the glass-
supported alumina membranes exposed to phosphoric acid
for 0 minutes, 15 minutes, 30 minutes and 45 minutes, are
35nm~45nm, 40nm-50nm, 50nm~-70nm and 80nm—-920nm
respectively.

The glass-supported alumina membrane that was
exposed to phosphoric acid for 60 minutes was damaged.

Glass-supported alumina film membranes, prior to
drying in the oven, were observed to be hydrophilic with
measured contact angles at room temperature of about 24°.
When these membranes were dried in the oven at 120°C for
24 hours, the measured contact angles increased to 83.1°
¥ 2.5°. Re-hydration by immersing the membranes in de-

ionised water resulted in a contact angle values of 48.3°

+ 3.2°. Similar trends were observed for the glass-
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Exanpl e 12 - Contact Angle Analysis of Treated Al um na
Menbr anes d ass-supported al um na nenbranes used in
wez@mpbe4el were treated in accordance w th theP@ESGUEI6000183
of Exanples 4 to 6 , except that the treated nenbranes
were dried in an oven at 120C for 24 hours. Contact
surenents were made_on the surfaces of these

TR et EHGS. arfd 10t oTeHbVAER THBEE SOBEFBWFRE . pore
shiadd L. 5 @nassdsEpPriteds aliﬂmé@iﬂwgggg?tauﬁ%q\}f&% O}Sefore

Exanple 4 were inmrersed in phosphori _
Pverafgerdevineg dnntheat evenlBan et ekie 30 nilutasques of

' ' to,result.in nenbranes  of .
%ﬁ%#%%%%?wgggg g%%ﬁﬁgaﬂﬂﬁ%%ﬂ%réﬁgsRﬁﬁ%?tﬂgnﬁﬂ%%H%QFled
maintdr atrives pr oClrssrd Mane,0r darc ecomtdcExXamphe Snea SXE&Mnts,

that fhe treated nenbranes were dried in an oven at
afgor%{?%nammﬁ@aifé?eéoﬁ%@t Tt Feasavehdrt §nwdhe oven

f .of th t t ed nenbranes and
L s BB bRy 10, SIE Skl BRES e ARG B ect ron
M cr cesade s SEMTaB 16y ayrsds 0f ider- &l ss st uphoried angle

unm na menbranes exposed to the phosphoric acid for
O?flhe \%ﬂ?i ofs PEredsSeELeFRe @i ShowsheRiFads. Reatument,

SBhgRanE LY, DR Al e SARRAN LB (Bl
agliegpletend cadi chofdarf i atiimut.es, 15 minutes, 30 ni nutes
223 g%%gﬁ%%f’t%rengEg}4?PHH1§OQE&?O%g] gggg*7§?§% the
contact angle results for untreated glass-supported
alumina membranes with different pore sizes, indicate an
increase in the contact angle as the pore size increases,
thereby suggesting an increase in hydrophobicity of the
surface. However, the same trend is not observed for the
chemically treated glass-supported alumina membranes of
different pore sizes, and the contact angle values remain
relatively constant regardless of the pore size.

The effects of increasing hydrophobicity by changing
pore sizes and by chemical modification are clearly not
additive. This is not surprising since larger pore sizes
means more contact with air pockets within the pore
channels. The air pockets in the pores of the membranes
exert little attractive forces on water droplets and
hence, an alumina sample with large pore sizes are
similar to ones in which the pore channels are filled
with hydrophobic materials. Increasing pore sizes for

the chemically‘ treated alumina membranes would have

little effect on hydrophobicity as both the surface and

33



respectively. The gl ass-supported al um na nenbrane

t hat was exposed to phosphoric acid for 60 m nutes was
wolawagert40 3 ass- supported al um na fil m nmenbr ankCT/SELG06/N00183

to drying in the oven, were observed to be hydrophilic

wi th neasured contact angles at roomtenperature of

about  24. Wien these nenbranes were dried in the oven

e 126CHOGk SIS Norive, Sithd lggastRwedatbnpgét vandieeces for

ddidcased to 83.1 + 2.5. Re-hydration by inmersing the

menbranes in deionised water resulted in a contact

angl eltvadhmsldfbel&i@tad L Rat Siimi tlae shendsetehéng time of

ser.ved for t

e _ql asss gorted al um pa fiIgLnenbra es ,
W t RS ES enfRSBRE2 izgg.a¥ﬂgn5ifwg¥ ncBS U EQREREFOLC
At edyakuesthef s ed arbeafdfie deMirAEcEN HAR-PRIbICAY at

be due to the anpunt of residual water trapped wthin

alHe RR¥es of the addmiied mamRkmes. Tiher dorld kelor due to
ig'R'!Hngﬁ:lt @g£§rﬁ?§§§u%%n%ursﬁac% ! O%ﬁ%ﬁn% TRIIONANES, Wl Byer
ried thoroughty

I'n the oven at before carrying
soutfade nedsmierdnt sreResibhs of b¥abl £1%osiwe-anbstituted

i ncrease, i n contact angle of the alum.na surface after
EHRPRAL G erdied® SRS APTTat NbFachy dFOpRoBF canale

ARty evd 08 NBdraf £8r ooRemrcal1 MPdidigad 1084 alumina
Referring to Table 6 , it can be seen that the contact

syl le s ehed figrr drimesatleen gt asshaupbdrebaaag sim na

oS WAL ERSEEN P00 L7 B LIPS chemican
niaedrfdasasi ot hefebylsuygestnagpsamencredaseyddn the surface
ﬁ?ﬁ¥é)'¥§¥éﬂ§96§§r§§“%f alumina, whilst at the same time,
showed little wvariation despite changes in the pore
sizes. Accordingly, the treated membranes can be
employed in applications requiring consistent surface
hydrophobicity or in applications in which this property

is critical to the application performance.

Applications
It will be appreciated that the method of treating
an alumina film can modify the surface properties of
alumina film, to thereby extend its use to applications
that require a 1less hydrophilic or more hydrophobic
surface. Such applications include providing hydrophobic
surfaces in micro-systems and in the separation and
purification of protein molecules.
It will be appreciated that the method is simple and

inexpensive to carry out as compared to existing methods
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surface. However, the sane trend is not observed for

the chemcally treated gl ass-supported al um na
woresnsioenzes of different pore sizes, and the coP€CEE62006/000183

angl e values remain relatively constant regardl ess of

the pore size. The effects of increasing

Hgﬁrophobiqity by changi ng pore sizes and by chem ca

% i €gavdicarlgh e8P SI0te addiptlisveas TR Jinembt in  the

BRSNS RGO WO PU Sl £65, (RHNS 0T e cont act

with air pockets within the pore channel s. The air

pockelts Wwinlk Hee pomsrait ttie rerdor ames eXlest thodli fecations

titractive forces_on water droplets_and hence, an
%%%Hﬁrﬁpgﬁi ?QﬁvﬁthPﬁrégvﬁﬁiéQEi?é&ﬁa e GRRLGN Y of© the
panesor NswhitBdt hi; pere cGwdnnalrscar erdddi®g Whkh foregoing
hydr.ophobic materials. |ncreasing pore sizes for the

RIS WHrtdwd danran i drefnmandse vl el thaard | $cope of
&fd eCin@Qn’@i’ﬁﬁOp%%@ Ciiy aggbotf) dde,surfage, andbhe .\
alr pockets have simlar | Ow attractive forces for
meetigricatti gtroubdd be dagtted itdmat  @admé herishdmt ehehisk@pe of
tiéwe of 1 i nut.es, chemcal treatment with

erfﬂﬁ?%fé%# ®5cid does not yield the same surface

hydr ophobicity at all parts of the alum na sanple.
This is likely due to inconplete renoval of surface
oxal i ¢ acids which hinder surface chenical reactions
by fluorine-substituted carboxylic acids as observed
above. Hence, contact angle neasurenents were carried
out on gl ass-supported al um na sanpl es etched for

times longer than 10 m nutes. The contact angle
results indicate that chem ca
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nodi fication of alum na nmenbranes changes the surface
hydr ophobi ¢ property of alum na, whilst at the sane

wao eovg/joorhowed [ittle variation despite changesPCTSGH®6/000183
pore sizes. Accordingly, the treated nmenbranes can be
enpl oyed in applications requiring consistent surface
hydr ophobicity or in applications in which this
property is critical to tidadmsl i cati on perfornmance.
Applications It will be appreciated that the nethod of
treating an alumna filmcan nodify the surface
bropextmeshodl aFumireatfihgmant @ lthErebYr btk eddlub £ Bs 8@ the
to applications that require a | ess hydrophilic or

R $ydr ophobi ¢ surface. Such applications include

provi g obiL €4S . [ 0-_SY, ]9?& i,
t he sg%grggygﬁggﬁdggﬁgi%Fgggﬁgnfgﬁg%ﬁ%1éfﬁ§%0 eéﬁpg%.QCld
$olwyiion beuagpr ectenn@dtidras the meddrocke i stise nphedaophilic
| hexpensive to .carr ut as.co r to existing
prrre?%%g%l T ch r%}h%i?%r’ﬁ?%% Pf &% eﬁs]rnéﬂ s as outlined
in the Background section of the specification. It
w1 e popas@ntad hat yafd Pusi ot hela 1wdi f cafhORsi ANdsaig
adaptations of the invention will be apparent to the

Grerladrry kG 13@kd i e g Heharforiula R eRPHg t hbemsrdiegoi ng

di sclosure_w t t rt he spirit and scope

of T 1o Frvan it bR raRboer HEHTEORTe1e
nodi fhydit ¢ casb@ndyaslapt aiiddns conme within the scope of

t he appended clains.Clains 1 . A nethod of treating an

al uni'ha-¥ it Monpri sing the

3. A method as claimed in claim 2, wherein R is an
optionally halogen-substituted aliphatic hydrocarbon
selected from the group consisting of straight or
branched chain alkyls, alkenyls, alkynyls and
combinations thereof.

4. A method as claimed in claim 3, wherein said alkyl
has 1 to 6 carbon atoms and said alkenyls and alkynyls

have 2 to 6 carbon atoms.

5. A method as <claimed in claim 1, wherein said

carboxylic acid is a halogen-substituted carboxylic acid.

6. A method as claimed in claim 5, wherein the number
of halogen atoms of said halogen-substituted carboxylic
acid is in the range selected from the group consisting

of 1 to 10, 1 to 9, 1 to 8, 1 to 7, 1 to 6, 1 to 5, 2 to
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step of: (a) exposing said alunmina filmto a
carboxylic acid solution under conditions to reduce

wo b@7loytnophi | i c properties of the surface of BEi/8G2006/000183
film 2 . Amethod as clained in claim1l wherein said
carboxylic acid has the fornula R(COOH) n, wherein R
is an alkghgtlc hydr ocar bon group or an aronatlc

lrﬁ/rdrfbd?sﬁ of did;1endP £ sl f .18 7 Aqrethod ase 10,

%iég inclaim2 , wherein Ris an optionally
al'ogen-substituted aliphatic hydrocarbon sel ected
Troma hmmmdjms:omﬂsdﬁnéd]gimfcmimi Phtwiosrdranednedl halogen
cha n alk al kenyl s, al kynyl s and conbi nati ons

"A method as claimed in claim3 , Wherein
sald aIkyI has 1 to 6 carbon atons and said al kenyls
and al kynyls have 2 to 6 carbon atons . 5 . A nethod
%s clAi rf@fdth@\d clasm ¢lainpdr ein s&il@ioar boxylwhergig the

0 oxyl i.c,aci d
L4 A oL ol o fce B TEL e
gﬁomqs @ﬁnﬁﬁustﬂmg 0geEN- shibstihetedbeatibaxyli caastilci sacid,

|n the range sel ected fromthe group consisting of 1
Ioiner $HPeF LEUERS BEOPAQIF ACLY (HLEOrineTeEst iuted
Hd%gh01§ taeléo ‘%iué&ﬂﬂé substO thbeed tp%n%@nolct‘%c1d

9t . A net hod as’cl ai med
fdhmmrse swhmtrneuut@iau dhhalaogen i sadidior g, comblnatlons

thereof.

9. A method as claimed in c¢laim 2, wherein R is an
optionally halogen-substituted aromatic hydrocarbon
selected from the group consisting of benzyl, toluyl,

xylyl, naphthyl and combinations thereof.

10. A method as claimed in c¢laim 7, wherein said
halogen-substituted carboxylic acid is a fluorine-
substituted carboxylic acid selected from the group
consisting of fluorine-substituted benzoic acid,
fluorine-substituted toluic acid, fluorine-substituted

naphthalic acid and combinations thereof.
11. A method as claimed in c¢laim 1, wherein said

carboxylic acid solution comprises said carboxylic acid

dissolved in an organic solvent.
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8 . Anethod as clained in claim7 , wherein the
fluorine-substituted carboxylic acid is selected from

w0 b@7gowp consi sting of fluorine-substituted BCESGL06/000183
acid, fluorine-substituted propanoic acid,
fluorine-substituted butanoic acid,
fl uorine-substituted pentanoic acid,

2 york ndaid i t3f e FIfdmGhI _c,lnacic_éaéﬁd _éLér'rbi HAETEAE said
RRREL O verdt MEL ROy @8- Sb Bl fedoifostalm 2 . wherein

R1s an optionally ogen-substitufed aromatic
hydr ocar bon sel ected fromthe group consisting of

nzyl, toluyl, xylyl, naphth and_conbi nations _,
Pfor ghimtSh0¥ sl P B 120 e & baa g non-
Ssallgr hakegeansubsid t ubad C‘cﬁ}ftbLQ?ﬂéllilgy achgd1bg§ed-substituted

fluorinesubstituted carboxylic acid selected fromthe
Yl eonshEeragashPor| §elrréesuisom il Gepli coasiating

l.ne-substit ui cld i ngzsufistd tu
‘%ggﬁﬁﬁgﬁﬁé%aé%% gkggg%%giH%F?%%sa%&égggf.qil. AE%et%ggerS
asd gliztmedes ntledeeof l , wherein said carboxylic acid

spol utjon conprises._said carboxyl,ic acid dissolved. in
T orh i EOeD] GEnELISNCR. 8t RS T AHRAETH S750 i Lkane
Hels MWhes 6 NeSAbéh 04830 £ SO N EeRELbBe @nBON2PO6AE atoms and
solvent. 13. A nmethod as clained in claim12 wherein

Sl d §idrpol ks sdl vene #%om#- opt i onal |y

12 ogen-alilipld t Wed Aldplal L Y 9haasrben selagled,  saiq
romihe group consisting of "straight of Branchée

atmi @l kahesnt ket canesa 1 efder sulagti thkédr esgihec eoblvent.

16. A method as claimed in claim 15, wherein the number
of halogen atoms of said halogen-substituted organic
solvent 1is 1in the range selected from the group
consisting of 1 to 6, 1 to 5, 1 to 4, 1 to 3, 2 to 6, 3
to 6 and 4 to 6.

17. A method as claimed in c¢laim 15, wherein said

halogen is chlorine.

18. A method as c¢laimed in <c¢laim 17, wherein the
chlorine-substituted organic solvent is selected from the
group consisting of chloroethane, chloropropane,
chlorobutane, chloropentane, chlorohexane and
combinations thereof.

19. A method as <c¢laimed in claim 1, wherein said
carboxylic acid solution has a concentration selected

from the group consisting of: about 0.01M to about 0.1M;

38



14. A nethod as clained in claim12 wherein said

al kane has 1 to 6 carbon atons, said ketone has 2 to 6
watemporemd said ether has 2 to 6 atons. 15. A P&t/RGZD0&800183

claimed in claim1l, wherein said organic solvent is a

hal ogen-substituted organic solvent. 16. A met hod as

claimed in claim 15, wherein the nunber of hal og

a&?% 8 0SYi d-haPBgEs- SUbdii t aPel torGdhi® &6 v%??ﬂut'r s0.1M;
dbihey r@n@etéeé@&&@dofﬂ@;n %H& S564P @Ogmsgbngbgﬁtlo 3M.

210 t o 26 .mdthod\ nes hocllasmedial de chan:ﬂnal in, 15whw{nena| nsaid
salﬁg halo en_is chlorin as cl ai ned

RO Jn‘%Jloi“ whEr 3 h%XBRF%)’P?ne“’tﬁPosf?)cuF@H‘p&l&&mTche step

&P vent is selected fromthe group consisting of
chl or get hane,_ch| oropr opane, chl or obut ane,
chl or Went%ﬁﬁ%lu%%ﬂl%r phedand uEAAac Giithath opaidhepsbpxrylic

%%%ngﬁwﬁ’ﬁoﬁs Lai EEdr‘]Hd%n Ak Wé&stﬂ:éa' Qn%i dtlme

Ic acid solutio S a conc’entratl on Sel ec
etiffﬂnthee groupezonsssid ngaoboxpbbut 20101With Abdubtxide of

0. 1CM a]gout Oogbﬁ/l to about 0.1M about 0.07Mto about
"M to about O. 7M and about 0.01Mto

about 0.3M 20. A nethod as clained in claiml,

wherein said conditions of said exposi n% step (a)
<onprh sea st @ ofclaimed efiruxicdgisai d0al urhsaefnl nsaid

éé&ﬁ@ﬁ QﬁrQQfa'gSl@EhQnS%B%b&3%é§ é%ﬁ5%§§¥fngéﬁd in an
pressure and tine
organic solvent and wherein said refluxing step (b)
comprises the step of:

(bl) maintaining said temperature at or above the

boiling point of the organic solvent.

22. A method as claimed in c¢laim 21, wherein said
temperature in said maintaining step (bl) is selected
from the group consisting of: about 60°C to about 100°C;
about 60°C to about 90°C; about 60°C to about 80°C; about
60°C to about 70°C; about 70°C to about 100°C; about 80°C

to about 100°C and about 90°C to about 100°C.

23. A method as claimed in c¢laim 20, wherein said
refluxing step (b) comprises the step of:

(b2) refluxing said alumina film in said carboxylic
acid solution for a time selected from the group
consisting of: about 2 hours to about 5 hours; about 3

hours to about 5 hours; about 4 hours to about 5 hours;
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effective to react said carboxylic acid with hydroxide

of said alumna film 21. A nethod as clainmed in claim
wQ@o7mber@i n sai d carboxylic acid sol ution conpeT/S€%06/000183

carboxylic acid in an organic solvent and wherein said

refluxing step (b) conprises the step of: (bl)

mai ntai ning said tenperature at or above the bailing

HRWE 6f A orBaAnRECYS Venboun: A Fhd hBBCBE & ¢S to

Io¢t ad 2l cWherein said tenperature in said

mal ntalining step (bl) is selected fromthe group

ZonsiAt imgtlodd aboutclBiio@d o iabowtlai@00C0;, abbete8@C said
to ﬁbout 90C, apggt.GOOC t o, apout, 80C, about 60C to

LB FOE, S HHBut® 70tS t SABbET <100t AbGArUSBC to about
1000C and about 900C to about 1000C . 23. A nethod as
claimed in claim20, wherein said refluxing step (b)

Zompri seieied stap oflaimen dér | @lisdd sdidd albfirgan said
ap-hox u t atinme

%%#£%$£%§?$ge t&gpg¥%%%r%%%giE?%n%tgg:ggbout 2 hours

to abOud) 5radurtstindlnaut tBe hawngyet opabsatir® hdur 80 kPa to
bout 4 gou s to about 5 hours;about 2 hours to about
Wour 560 AR about 2 hours to about 3 hours. 24. A

method as clained in claim20, wherein said refl uxing

step (b) is undertaken in a vacuum 25. A nethod as

claimed in claim?24, wherein said refluxing step (b)

§@Ppriﬁeae%ﬁggségpc&%ﬁd&§ﬂidnﬂf§fﬂf@@g Egﬁpgfggﬁg, after
pressure a a to
step (b), the step of:

(c) removing said treated alumina film from said

carboxylic acid solution.

27. A method as claimed in claim 15, comprising, after
step (c), the step of:
(d) washing said treated alumina film with an inert

solvent.

28. A method as claimed in claim 16, comprising, after
step (d), the step of:

(e) drying said treated alumina.

29. A method as claimed in claim 1, comprising, before
step (a), the step of:

(f) forming an aluminium film on a substrate by
maénetron sputtering of an aluminium target; and

(g) anodising said formed aluminium f£ilm to form

sald alumina film.

40



about 160 kPa. 26. A nethod as clainmed in claim 20,
conprising, after step (b) , the step of: (c) renoving
wa anod/ooreat ed alunmina filmfrom said carboxyl i BCESGZN06/000183

solution. 27. A method as clained in claiml1l5,
conprising, after step (c) , the step of: (d) washing
said treated alumna filmwth an inert solvent. 28. A
nmet hod as clained in claim 16, conprising, after step

idj) '@tﬁgﬁﬁ&&pagf o1 Q:fy:f.rpgc§§h$ *z'beatceo‘?nﬁl%ﬁr{ba after

od as claimed in ¢l onpriIsing,
sbt&fmr(ag)stkap: (laefozteh&sise;ep (0f ., tHe émpnm’g an al um ni um

filmon a substrate etron utterlng of an

Al um bum TR L AR () BTG | BT o 0 et L
alumniumfilmto formsaid alumna film30. A nethod
as claimed in claim29, conprising, after step ( 3) but

Bef orfe matdpd @S | clavned epn orlaim)1i eesehy sald alumina
ﬂl‘ﬂ“{haaf “\lb\#ﬂ o an acid. 31. A nethod as clained in
c erein

arm1 said alumina filmis a nenbrane. 32.
A nethod as clained in claiml1l , wherein sald exposi ng
causes sal)(gl1 Cgum na filmto becone

nerfl
3.29\ nethotedr 1 ea?Jr%Jg‘“ al u\ﬁ]pﬁnée:pm npaid
é%ﬁHH'@dngah@%s said alumina £film to become generally

hydrophobic.

33. A method of treating an alumina film comprising the
step of:

(2a) providing an alumina film comprising hydroxide;

(b) providing an optionally halogen-substituted
carboxylic acid solution;

(c) exposing said alumina film to said solution
under conditions to react said hydroxide with said
optionally halogen-substituted carboxylic acid to reduce

the hydrophilic properties of the surface of said film.

34. A treated alumina film made by the method of claim
1. |

35. The use of the treated alumina film of claim 34, for

use in a micro-system.

36. The use of the treated alumina film of claim 34, in

the purification of protein molecules.
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step of: (a) providing an alumna film conprising
hydr oxi de; (b) providing an optionally
whaloggen4subst i t ut ed carboxylic acid sol ution; PCT/$G2006/000183
exposing said alumina filmto said solution under
conditions to react said hydroxide wth said
optional Il y hal ogen-substituted carboxylic acid to
Béducknt Atuhydaofhilin bapriogerdamsxoflatse wiadrdooided to
ﬁ@id fi%n1 34, A téegtfg alumna filmnpmade by the
B b7 eI &F $41¢ 5™ The use of the treated al umina
filmof claim34, for use in a mcro-system 36. The

use of the treated alumna filmof claim34, in the _
Porifhrarienint brHiehh FhREREMesn39lalH Af unVREreiRPatd

Q§¥ﬁggyfﬁﬁgg%¥$€%§a?£89Q§b$?$9§9e&owifﬁ sy1bees ffoms.

sal d um na mas clained in“claim 37,
wherei n said carboxylate groups are substituted with

| ogen at ans., 39. alumna_filmas claimed cl ai .
3. *orih oA Bt nef S <SP uapfna® S6TART aldin HacTein
Ehl @ Bs16bhahned Foustahsl 37, wherein the anmount of
sai d carboxyl ate groups bonded to the surface of said

filmrender said surface generally hydrophobic.
40, An alumina film as claimed in claim 37, wherein the

amount of said carboxylate groups bonded to the surface

of said film render said surface generally hydrophobic.
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