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W %‘%W @4EILMS Technical Field The present invention gene{;ﬂjﬁfsr&%%ﬁmm%
0 a method of treating the surface of an alumina film, such as'thé '

surface of an alumina membrane. Background Alumina films are widely
employed for a variety of applications, especially as membranes in
filtration appliSEREFH;BVWARGERKNERE QI ralf4Emp BF8® pore size
distribution, chemical and thermal stability as well as its rigid support,
structure. Particularly, nano- porous alumina membranes are extensively
used in solvent filtration inFRfhpégadndnicelifuid chromatography,

liposaipg extusion: Mctdiftalion andnanortliyaton. Je yiew gf theyetnod
above-outlined properties of alumina, nano-porous alumina membranes
ohre 188 kR i REn-MFARGIPaslicafor3 SHBATE témplate S Byitfiedise

< 9% PaRe-WireS-and, nanewedsyas-a-syeport 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 wheresadassdaxdiaphilic or a more hydrophobic
surface is required, Examples of such applications include protein
purifi@&t?ﬂ%ﬁl&%d HydrBBhdbiE statetYorTHRICHENTRE suck3Eety ©of
apptroeelecwasnechanicat sydtems (MEM3jemiarantyidic tevices Bhdation

amii:fé% igessystgvms. In ,g(rjde,r tg egter%j the#sec?frgggglumirqggi:lcga to ore
BHer 8ppiications “Yditate Modificatio? of B aiuming - ¥ * b

size distribution, chemical and thermal stability as well
as its rigid support structure. Particularly, nano-~
porous alumina membranes are extensively used in solvent
filtration in high-performance 1liguid chromatography,
liposome extrusion, micre-filtration and nano-filtration.

In view of the above-outlined properties of alumina,
nano-porous alumina membranes are also used in non-
filtratibn applications such as templates for synthesis
of nano-wires znd 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 hydropheobic 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~en§ine systems.

In order to extend the use of the alumina films to

such applications, surface modification of the alumina



1 WO 2007/001240 PCT/SG2006/000183 films can be carried out to alter
the surface properties, i.e., to reduce hydrophlicity or increase

Wﬂ)‘}ﬁ%@ﬂgﬁ‘f}city of the surface. One known method is to graft Bhnogideoiss

aluminium film with poly(ethylene)glycol by activation of the hydroxyl
groups of the glycol using chlorosilane, followed by covalent coupling of

themelyathylenejglyeale withiibe tace hydroxyh 6O feaetionat greupsi es,
.on the surface of the alumina film. Another known method is to chemigally
SinBelfy e ARAHE of MR tHerorahe b ARECE feaRHeFOprROPLCL LY
adfgabecholarbsitanes with the surface -OH groups of the alumina.

Howe\éeréthg above rré hogs are gteneralla/ %do ted forséurfa e

modificgtlon &ngﬁmfﬁa |r?1s wjhslch r%sm?l%s in~si |510n?61§ St fa%%g%?‘lfl:um

Metmanowhidrtknawnl methdg invob/es Jusing. highypresstifervialisco resdlt inche
' dsorpti f carboxylic acids.on aluminium_powders, covere
%ﬂg%%ce é%%‘?é{‘ gderi\%é% fo%rir%]eair 0 %&ia(fi%%. Htl)lv%vgr, succfﬁa%rrggfh%%ne'
Tiavdiveisthdrsecofaighrpresswe Malg whiicht tanmelexperisivestoe ) glycol
PRafRiesIhels SlCIRAEA Peed RIpvies AdReliod Of JIRANNG 48s  the
alumina film that can modify the surface property of the alimina film by
FREGAGS [eds 1HyrIreghié B nfokémydrophobic. There is also a need to

providg .method pf fieating enalumina il that issiople andhodi £y the

Slgixaecngw%%o cgrrlry alumina membrane by direct reaction of
organocholorosilanes with the surface -OH groups of the
alumina.

However, the above methods are generally adopted for
surface modification of alumina films which results in
silicon-based surfaces only.

Yet another known mnethod involves using high
pressure vials to result in physical adsorption of
carboxylic acids on aluminium 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 meodify the surface
property of the alumina f£ilm by making it less
hydrophiliq or more hydrophobic.

There 1s 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



out. There is also a need to provide a method that can 2 WO

2007/001240 PCT/SG2006/000183 overcome or at least ameliorate one

or more of the disadvantages described above. Summary According to a
wdirstaspeat, there is provided a method of treating an aluminadiheg2006/000183

comprising the step of exposing said alumina film to 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 T aftinafilmPray-raffain HYaFopHiic afbeiPRévinga rédiedof the

dydeaphilicitygekit may-he rerdered-generally hydrophobic. In one
embodiment, there is 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 s#gggg of said film. In one embodiment,
there is provided a method of treating & Blumina film comprising the step

of expésingsaidh@luminafilmesto a fluerine-substittiteéd carboxyliecaeiduethod

geltian.under sondijons to.reduge e IVArQRIlc JOPEMes otte, posin
surface of said film. According to a seco 5aspegt, there'is r}?owded}%j ¢
FAethod: ‘oftveatingtan aluminadilntearnprisihg thesstép ofs (a)udroviding ade »
%ﬂ@g@fg%cwr@ggwgmﬁg@ 1@%%&9%5&‘?&91%” ?}Q}&Q@Jz% ies of the
halogen-substituted

surface of said f£ilm.

Advantageously, after said exposing step, the surface
of the alumina film may remain hydrophilic, zlbeit having a
reduced hydrophilicity, or it may be rendered generally
hydrophobic.

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

In one embodiment, there i1s provided a method of
treating an alumina film comprising the step of exposing said
alumina f£ilm to a fluorine-substituted carbeoxylic acid
scluticn wunder conditions to reduce the  Thydrophilic
properties of the surface of said £ilm,

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

@ providing an alumina film comprising hydroxide;

)  providing an opticnally halogen-substituted

carboxylic acid sclution;

{Cc) exposing said ailumina film to saild scolution under
conditions to react saild hydroxide with said opticnally

halogen-substituted



carboxylic acid solution; (c) exposing said alumina film to said solution
under conditions to react said hydroxide with said optionally
halogen-substituted 3 carboxylic acid 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 carboxylic acid solution under conditions to react said carboxylic
acid with hydroxide of said alumina film, wherein said carboxylic acid is a

CafkRgénSubstitited CarboXyiE abidt ARGy to-a Thifd SBFEEE frier@is the
suprovidedrd eatédmdlumina film made by the method of the first aspect.

ACCQ_@”@&%a fonrhaspect, ,theg%gsr@rovicge_d E‘&Q_;-\Hf@é?i‘ apealed hod of
traIu?_[nllna film progluced by the method as, dﬂ,eflned,rl}g\ ang one of the above,

§8pedis, 168 Providd ™ HydropHobic Sl face foF use'h amitro-System> oS 10e
saAgcorditig ic a fifthiagpecdtothere isprovided tive useldf atreated @umireler
colili preduced by the methed @s definedyinanyoneiokineraboye aspegts, o ¢
sall the aolurlflcglgon of Jprotein molecules, @__g_:gordég%go a sixth aspect, there

LU Li g erelll [@] L1C 31 is
IS prowdera an alumind film Lavmg. ca?boxylate groupgbonde o the

hadig¥ace areaib-fimt The CaFbeRylate grftibs may be substituted with
halogen<atamsg sueh assfluarine: I he: sametint oftsaid carhexylate-groups a

¢ rRonded to the, syrface: of ;said fillp may render sajd surface generally ¢,y
hydrophobic.
aspect.

According to a fourth aspect, there is provided the
use of a treated alumina film produced by the method as
defined in any cone of the above aspects, to provide a
hydrephobic surface for use in a micro-system.

According to a fifth aspect, there is provided the use
cf a treated alumina film produced by the method as defined
in any one of the above aspects, 1n the purificétion, of

rotein molecules.

‘According to & sixth aspect, there is provided an
alumina £ilm having carboxylate groups bonded to the
surface c¢f said fiim. The carboxylate groups may be
substituted with halogen atoms, such as flucorine. The
amount of said carboxylate groups bonded to the surface of
said film may render saild surface gensrally hydrophobic.
The inner body of said film, below said surface, may not

comprise any carboxyvlate groups.

Definitions
The following words and terms used herein shall have
the meaning indicated:
The term “alumina film” as used herein refers o a

film of hydrated alumina, and includes fully hydrated



The inner body of said film, below said surface, may not comprise any

Wﬁ%g%xﬁgﬁ groups. Definitions The following words and ter lllmﬁoém 0183
erein shall have the meaning indicated: The term "alumina film" as use

herein refers to a film of hydrated alumina, and includes fully hydrated 4

WO 2007/001240 PCT/SG2006/000183 alumina such as A1203.3(H20),
M PaHallERydtatedF aldimints.- Bridltim "hyaiephibereisiadetvherejrmirated
Leseribes surfaces of alumina films that are wettable by aqueous liquids

(e.g., water, alcohol solutions etc (;IeBosited thereon. Hydrophilicity and
wettalift§ aré ffically  ¥eHRBG I ifins Sitortd@hndie 5rd the darfaad bes

dansianesf the liuidgand sofidsiavoiesd: This-is disqussed in gstaicl;xjﬂleous
the American Chemical Society publication entitled Contact Angle,
Wittty SRd AhediBh Saited 43P RBbertR IS MR o aht FiaxysAted
tdustaserof a filpuiosait 10 decyetted dy adaquidibig.; hydrophilic) ally
cFﬁitP:EIE) %Q}e ﬁ%nt%%tr ?nnsglg e%%%%%e%% t%nd the film surface is eggnsion
than 90 degrees, or when the i t EH8adRBorftahEs6Sy
ccrésesthésprfade ot fiibl sudfacenthreanditionssnarmallyscussed in
e Conad il Lalet i o GUM/GRL and s Ridd dUER R ELom
a3préad egorfiandausly Awgdss, thdsttiabe bf the filmd Thelteray talkyl'edi ted
H9d§95%%@h@jEﬂgﬁﬁgnQCopyright 1964). A surface of a film
is said to be wetted by a liquid (i.e., hydrophilic) when
either the contact angle between the liguid and the film
surface is less than 90 degrees, or when the liquid tends
Lo spread spontaneously across the surface of the film
surface, both conditions normally co-existing.
Conversely, a film surface 1is considered to be
“hydrophobic” if the contact angle is greater than 90
degrees and the liguid 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, eg, 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, I1-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,



monovalent ("alkyl") and divalent ("alkylene") straight chain or branched

W&%m,&@l%r@ted aliphatic groups having from 1 to 10 carbon 5[21%6/]]00183
2,3,4,5,6,7,8,9, or 10 carbon atoms. For example, the term

includes, but is not limited to, methyl, ethyl, 1-propyl, isopropyl, 1-butyl,
2-butyl, isobutyl, tert-butyl, amyl, 1,2-dimethylpropyl, 1,1-dimethylpropyl,
ehiyd - sopeatyl yieah ptrinethylpentyl 11 -retiyilipentyly Po magthylpentyl, 2-

%Zi%yé?h%%tzl e a0 BT 0o DT o) 2,2~

qlztatthmmpmbm 132 QﬁﬁmWWWbthylmwdsmh%pémtyl,

fe@tﬂz&&%@x&?séﬂ y&:2- dimethylpenty], : ¥'RE 1,4~
44 dimethylpentyl,” 1,2-dimethylpentyl, 1 3- im ent 1 4-
%@F}Mﬁmﬁtﬁ% trlmethyIBut%'} 3 I—lzllﬂﬁ‘ﬁ@milmwl 1,1,2-
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and the | The term* aIkenyI mcludes within'its meaning monovaient
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unsaturated E‘Jtﬂﬂﬁ“c ME@‘E@H?@” aenARUNG faK2.40 19:6aheRaning
atoms, eqg, 5,6,7,8,9, or 10 carbon atoms and havm at least

I?)%Od’&l}befé%ond SPHRIE D cis BRtransCdtErdekemistly gylene”)
Sapplicaiie, anmherealﬂath@wé}@ﬂ chaiaiExamples-af atkanyh 0roups phatic

|nc ude but are not limited to ethenyl, vmyl allyl, 1- methylvm l, 1-

SR 5 B P mB A L BropkTl, -y - BrOBeRy, 15yl o9

2-bienyl, 3butentyl71,38, 9, or 10 carbon atoms and having at
least one double bond, of either E, 2, cis or trans
stereochemistry where applicable, anywhere in the alkyl
chain. Examples of alkenyl groups include but are not
limited to ethenyl, vinyl, allyl, Ii-methylvinyl, 1-
propenyl, Z2-propenyl, 2-methyl-l-propenyl, 2-methyl-1-
propenyl, 1-butenyl, 2-butenyl, 3~butentyl, 1,3~
butadienyl, l-pentenyl, 2-pententyl, 3-pentenyl, 4~
pentenvyl, 1, 3-pentadienyi, Z,4-pentadienyl, 1,4~
pentadienyl, 3-methyl-2~butenyl, 1l-hexenyl, 2~hexenyl, 3-
hexenyl, 1,3-hexadienyl, 1,4~hexadienyl, 2~
methylpentenyl, 1-heptenyl, 2-heptentyl, 3-heptenyl, i~
octenyi, lwﬂonenyl, l-decenyl, and the like.

The term Malkynyl group” as used herein includes
within its meaning monovalent (“alkynyl”) and divalent
(“alkynylene”) straight or branched chain unsaturated
aliphatic hydroccarbon 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 %o ethynyl, l-propynyl, l-butynyl, 2-butynyl,



butadienyl, 1-pentenyl, 2-pententyl, 3-pentenyl, 4- pentenyl,

W%%&%ﬂs%g enyI 2,4-pentadienyl, 1,4- pentadienyl, 3-methyl- ?PBJH‘E;XAOMOOM%

exenyl, 2-hexenyl, 3- hexenyl, 1,3-hexadienyl, 1,4-hexadien
methylpentenyl, 1-heptenyl, 2-heptentyl, 3-heptenyl, 1- octenyl_ 1_ nonenyl,
1-decenyl, and the like. The term "alkynyl group™ as used herein includes

Wittt its Iné@ating ymarovalehtrtitatkynyt) aind divajant ("akyeyfdepﬁ'ﬂ)l 1-

or br urate li atlc drocar
yE(l';avmg from g%@ ﬁ(? ff%{% igirﬁs ang L lgést o%eq? ﬁgﬂ
HyMheke i tHec edrbon cHarﬁ@Xﬁmp[ésdﬁ@MMgmm@s’mﬁrﬂudahuL are

not limgfed tq gthyny  T-pronynyl 1- b&l}_.yngﬁ g%)gaylhlgreln refers to
2007/001240 PCT/SG2006/000183 1-methyl-2-butyny

TR RYAS Huty iyl 2 ntynyBad hedjiva Lesthypetryrsd shelptynghingle,
E%B?EWBYEQ-I OCtW é}%cﬁ’&ﬁ’éﬁfl éﬂ@n%ujsgﬁcyféélsﬁagé@e like. The term;

"aromatic”, or as used herein refers to monovalent (“aryl") and divalent

}tyg&%%rjvﬁﬂﬁlehaé&%cﬁ'&?mco@ud@été@ af ke radiemes of dramnites

diydrogadyons @@Mhﬁ}ggrowﬁaéaéarb@@ﬁgms Examnies of syfphenyi,
H clude benzyl phenyl biphenyl, hthyl, phenanthrenyl and the
q%% %%gq[érrﬁ’ ﬁﬁﬂ%% EeRafdrs t%n@)ﬁ}@?o%]‘?‘ﬁe term "carboxylate

refersta¢he eenjugniechase: @b a casrapdicasid-Jihedenyphalogen” o
varlan{%sugth as "hallde" or " alo" as used herein refers to fluorlne

chlorirg S8 a Bﬁﬁﬁﬁg ate” refers to the conjugate base
of a carboxylic acid.

The term “halogen” or variants such as “halide” or
“halo” as used herein refers to filuorine, chlorine,
bromine and iodine.

The term "“substituted” means that the specified
compound, group or molety 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 sﬁated value, even more
typically +/~ 1% of the stated value, and even more

typically +/- 0.5% of the stated wvalue.



The term "substituted” means that the specified compound, group or
i S one or more substituents. The term "optionally i y

W%ﬁé‘ﬁ?zﬂr the specified group is unsubstituted or substitutedg g?%ﬁé@?"’”m”

more substituents. Unless specified otherwise, the terms "comprising”

and "comprise”, and grammatical variants thereof, are intended to

represétitropghtar"indlusivetianguagersychcthat diey inchdareciets may

lements but also permit inclusion.of additiong], unreci e%] lements. As
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esnverieraand-breviBRESd sIRRAE hbtBe boistrudtisslasddiiexibld  the
Hendatien en tgﬁﬁcﬁ?ﬁ?z%ét&he digcloged ranges. Aceprdinglysthe numerical

description of a_rangce should be considered to have specifically disclosed

B S DoddiblbtSuntRAhe S a8 %R ABaRdiGEaRRIEmeries SaliRisiRhiet a

thatgangeu&er examriendesciipfiop ofAo(angeseichas oM 140 616 have
should be caonsidered to have_ specifically disclosed sub-ranges such as

fiBRT1 oS3 From TS 4L RERML BN THHRZAS 4SHEM 2% 6Lhsm 1 to 3,
from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from

3 to 6 etc., as well as individual numbers within that
range, for example, 1, 2, 3, 4, 5, and 6. This applies

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 f£ilm fto a carboxylic acid
solution under 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 24°, at least about 96°, at least about



3 to 6 etc., as well as individual numbers within that range, for example,
4, 5 and 6. This applies regardless of the breadth of 309
W%%@?g%?ﬁlsclosure of Embodiments Exemplary, non-limiting ﬂ&er[ i
embodiments of the method of treating alumina, will now be disclosed.
The method of treating the alumina film comprises the step of: (a)
Bxppsiay sakbalumitsofilm thE0Cgrbaxylit asiet selbtion undercconditionsa st
to reduce.the hydrophilic_properties qf the surface of said film. In gne. ,
aegrﬁﬁgdicrg(égt,’the""‘gl%ﬁg‘%lnﬁﬂ?soéﬁmgrﬁgrahe.a‘?rh SAVHIERE T e s &t
lexpotingbtapc(a)ld@ “suck thal thes surtdoewof theldOminaifiinmcafter about
treatment, ¢ e nt le selected from.the gr consisting of
Thepiment, cag have .60
at. |éast about 85, a%jeas%a gl?fngoojggt east éboauk%?ﬁ? au%as’t a%%ut%zf,s’t
s qadst BBBUL 961 tat et hbabo8IWD22007/6012U8a st about 124°, at
REESC20061009183 984t least ghout, 100, at {east aboyt 19%11%%93350@
about 104, at least about 106, at least about 108, at least aboyt 10, at
1é8strabdlit 1e2 st Isdabodfd14, atledstabounlbeE tat 18dst abatit 1E8ist

Aldeastialput 120, atleast aboull 22 gt leashabeut 24, at Jeashaboyle
126, at least about 128, at least about 130, at least about 132, at least
about 182, at7e8st1 2661360 it lefit sbout 188 BHeIcht IS4t RbOIR40. MY

cdigpeanslitiansofsaigh expasing step (a) may comprise the step of: (b)

refluxin% said alumina film in said carboxylic
(b}  refluxing sald aluminha film in said carboxylic

/000183

acid solution at a temperature, pressure and time
effective to at least partially"react said carboxylic
acid with hydroxide of said alumina f£ilm.

The refluxzing 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 B0°C to about 100°C and about 90°C to about 100°C.

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

(b2) refluxing sald 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.



acid solution at a temperature, pressure and time effective to at least

- @%58%# 1rz%ct said carboxylic acid with hydroxide of said alur’g@f;}sfy%m /000183
e refluxing step (b) may comprise the step of: (bl) maintaining sai

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 €basistief dfxiboat 66Cp akidut 1000 abivut 60CHeratadtsd0Gn  a
@byt 80C to about 80C; about 60C to about 70C; about 70C to about

100C; about 80C to about 100C and about 90C to about 100C. The
refluxing Steps(b} Wish dormipase the) step vf (bRprefiemirichsaid biming:

film in ggtehC ig 1 agig solution for a ti from the grou
consisﬁﬁ )ofégab%%glhﬁo%%f to{{gbgou Su%ogur:]sﬁ;i%%é%%hggs ?65 (a%%ut kPa
%%u‘?g’,% ut @hdtFé to about 5 hours; about 2 hours to about 4 hours;

and about 2 hours to about 3 hours. 9 WO 2007/001240
PCT/SG2006/000183 The refluxing step (b) can be undertaken in a

vacuuf- FhEFeiiBsh™@dp BT AR SSpriREtRE stept: (KB) maibbenimgep
diie gauge pressure at about 20 kPa to about 160 kPa. The method may
comprli(%e), after ste@ b), the step of: (c% removing said treated alumina

film from ‘said “Cat ic 5RitSolbEER SR nEtHBd Afay EbMprier aersaid
stepythecstepid solution.

The method may comprise, after step (c), the step
of:

(d}) washing sald treated alumina film with an inert
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, ox
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
reguired. 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

10



of: (d) washing said treated alumina film with an inert solvent. The

Wmm%ﬁaoclaimed in claim 15, comprising, after step (d), th%ﬁﬁ&ﬁ%ﬂ@éﬂ(}l%
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

gver ofheemeerials, dr edthercapplicationshefjuiringra Mydsoptiliorsurface. 2p
thas g%r'ist'ﬂg%b q@f that alumina films_treated by the disclosed

Ilmethoi#can have ree(Ji'uce hydrr%%plﬁ ﬁ?ysat %Sscurrfz%%fﬂheyr%byﬁ%%%%;ﬁg =

kRd Areated alumina films suitable for applications where a less

hydroghilic,syr. or,more pydrophabic surface is, required. It is thought, .
that the Iovy%Lrihy ropﬁl icity or greater hy r%%%obi%ity%?%sé algl}%lr%a? |mll:Lc
YFBRETs diie HBIHE BRENASSIpRSY B thencarbodAselybips antfthees in

BUERce sivelifg of tedilmsyas £an be deferminadeiom: 10WO: 1. orein
2007/001240 PCT/SG2006/000183 the observed 0.3 eV to 1 eV shifts in
e 2FhRfum 2p peak position in XPS studies described in Example 11
below. Exemplary applications where a less hydrophilic surface is

required are providing hydrophobic surfaces in micro-systems, and

‘%Z rdtdnfdrfurification of protein molecules. Alumina Film

The alumina film can be a membrane. The alumina
membrane may be obtalned commercially, Ffor 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 60um thickness having 0.lum
nominal pore size, Whatman™ Anodisc™ 13 of 60um
thickness having 0.02pum nominal pore size, and Whatman™
Anodisc™ 47 of 60um thickness having C.2um 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 (HO3~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



The alumina film can be a membrane. The alumina membrane may be
obtained commercially, for example, from Fischer Scientific International

W%zgg%ﬂ%ﬁ? incorporated in the United States of America. Exgﬁ{g&ﬁf)ﬂ%/ 000183

alumina membranes that can be treated by the method include
WhatmanTM AnodiscTM 25 of 601im thickness having 0.1m nominal

ROk® s Whaltnapd M AnadiseIM:13 6 6@imy thicknesa ey @828kd to
nomina(lﬁ;)ore size, and WhatmanTM AnodiscTM 47 of 60m thickness

RGN SR HORINAF BURS sPB. ThE aRiiihd thefbrahTapldiggpa-  The
syathesised indha llaberatony bsinga Redio Fseguensy (BF) Magneioinina
sputtering apparatus._ (for example, DiscoveryTM18 Sputtering system).
ml’%%béﬁ'ﬁ%es‘iﬂ’saf}f tﬁ@%ﬁ?ﬁiﬁao erﬁ%%%eca%ﬁvoﬁ\?@g% ttRANY %?12‘ the
lajuinindirddargebdto farm amalualiniuim flmaer aisubsttate{(foraxanaplemup
ss,substrate), followed by anpdising the aluminium film with oxalic acjd
oo B AT the Aiina Hombiie. TREH oA RofErare®)
Eandhen belinsed avithemnweert belventandodiied inemlaien. Butings from

disation, ignifi t t of acid i i L to t
O e e T i Sa e SR o e
Hremabree, abd thetoxatate dniee ndyilsenhydrogen borpledsphtheic acid
bydraxjde groups ogthe SgUgge_%@e&m@m{Epﬁa%%so&%aéa'gaﬁmna

anion on the surface of the alumina membrane can inhibit or reduce the

Feattionisetaedn the Wom@@vm ﬁbﬁtk@@@tﬁhﬁﬁa%ﬁi@@rb@%@&s .
group 9f {he saboxYiIcACIA,the. £XBOSIAG SeRd@bxalic acid can be

an Iincrganic acid selected from the group consisting

phospheric acid, sulphuric acid, hydrochloric acid,

ritric acid, and combinations thereof.

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

(£} forming an aluminium f£ilm on a substrate by RF
sputtering of an aluminium target; and

(g} anodising said formed azluminium film to form

said alumina film.

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

(i)4 immersing said alumina film into an acid.
Carboxylic Acid Solution

The carboxylic acid can be of the formula R{COCH),,

wherein

12



Accordingly, to remove the adsorbed oxalate anions from the surface of

W oaflfdm% membrane, the membrane can be immersed in %I&,E[gl  006/000183
solution é.e., phosphoric acid solution), to etch away the outersurface o

the alumina membrane and thereby remove the adsorbed oxalate anions.
Suitable acids for removing the oxalic acid can be an inorganic acid

selectrd fromutine Hraym eonsistingd phesphasic agih sylIPBYNGACId romatic
hydroghlgric acid, nitric acid, and combinations thereof. Accordingly, the
disclogdd Method ha %ﬂc?ﬁ%%r'isén efore step (a), the step of: (f) forming

an alumingin filne ab.a substrate by RF sputtering of an aluminium target;
and (g) anodising said formed aluminium film to form said alumina film.

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

(i) imMesing baidatumiraifineihioyahatich Qarbakyhci Acid<sblatidpibe ic
Ii jdc fo R(CQOH)n, wherein 12 WQ .
h%c?%%%% Pc%r%épgﬁoéé%fooo%g R ig}é% aliEﬁa'iiéphdeo%%?éc?%éP&p of
s&icad afdmatic hyaredsrBorgrdup; abldyl is.1 el ReRcha bedkppidsalynd

cbalpggasubstituted aliphatic hydrocarbon selected from the group
consisting of straight or branched chain alkyls, alkenyls, alkynyls and

combinations thereof.
R can alsc be an optionally halogen-substituted

aromatic hydrocarbon selected from the group consisting
of Dbenzyl, toluyl, =xylyl, naphthyl and combinations
thereof.

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 & 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 more particularly a
fluorinated carboxylic acid solution, can increase the
hydrophobicity or reduce the hydrophlicity of the surface
of the alumina film. Carboxylate groups, particularly
halegenated carboxylate groups, and more particularly
fluorinated carboxylate groups, are generally hydrophobic
in nature, i.e., less hydrophilic than the alumina film.

Accordingly, the chemisorption of these groups onto the

13



R can also be an optionally halogen-substituted aromatic hydrocarbon

m the group consisting of benzyl, toluyl, xylyl, na t,pgl 51(96/000183
W?:glrﬁz}iﬁ%%%s thereof. Where R is an optionally halogen-subglE[Lu{eﬁ%

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
havifig@tod carhen afoms, iEhefcarhoxydif agidriadhe earboslis sohtionesg

an_bhe a.halogen-substituted carboxylic acid. The exposing of the

kg ugﬁ%gﬁﬁﬁggaogar%8§ﬁicth %%:%IO? ort Particularly a

halogehdsusstiaged uedlpoxylic laeid solutigneand sdore partitalyia acid
inat Vii id solution, can_ipcrease the hydrophobicity or

%d?l?é&e%tﬁg h?;/%%r%gh }%%%? triieetgljerjfénclen%?%h%nalamif?éilﬁ%‘.(%ar%%‘i fgge of

ghsupsapiaisuibiy aidgenaredicatboxyBite gratipsc andmaeect roscopy

ol inated c X rQups, are generall drophobic in
e o e hydraphiie o e i Redshag g om  oan
ERBRTIGBtioR 8f these GrouptontBalrker3 Win200/00124(f the high

Enl/2622006/000183 ssurface O&QE%%WmQB&””b?ﬁ}?F@Pd rtt!fx%ssuré%e the
less _hydrophilic or more hydrophobic. Advantageously, the halogenated
FARIHFRc acid solution facilitates determination of surface coverage of

the carbexylicasie i X-Raw Phateslgstion Seegtroscopy (XRS) stydiesof, -

the surface, as the halogen atom can function as a unique marker in view

DR higHEBOnERTRTtidvdts BEEArsATatkREO My e omangitthee Lected
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,
© to 10, 7 to 10, 8 to 10, 9 to 10.

The halogen can be fluorine and the corresponding
halogen-substituted carboxylic acid 1is accordingly a
fluorine~substituted carboxylic acid.

The f£luorine~substituted carboxylic acid may be
selected from the group consisting of fluorine-
substituted acetic acid, fluorine-substituted propanoic
acid, fluorine-substituted butancic 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.

14



surface. The number of halogen atoms in the halogen- substituted

ic.acid can be in the range selected from the group el I &l (%00183
antgﬂ%ﬂlf@[g 9,1t08,1t07,1t06,11t05, 2to 10, 3to 10, 4 t(opl?g, g%o

10, 6to 10, 7 to 10, 8 to 10, 9 to 10. The halogen can be fluc_)rine and the
corresponding halogen-substituted carboxylic acid is gccordlngly a
fluoriféiubstitutea xaidoxylieadid. Theludrineasubstituted6ahOXYEC  the

i isti ine- substituted
¢ig s d4tam the grou gonsistin of fluorine- su _ h
Cgcetci?ggig,g quoﬁcg?subg;%ljsted prop%nou‘f?1 "aci ,ﬁ{,lacﬁf‘h%-sﬁg ‘f[ﬁﬂ.ﬁj The
ORgEMbiE atRl VRIgrinEasubbttuted pertapoit acidstorime:substitied non-
bexanoi, acichand combinati thereof, T ¢ Iogg -substltut%d X
pcarboxylic acid can be a fluo%{r}z-su stittcjte% cia;fboxyﬁcogga sse\lec?éc&ﬁ%ﬁwed
CHEYHGU S BFH&ETng of fluorine-substituted benzoic acid,

fluorimersulpstituige:tolig.asid i flurine: E@H&edsgi’%%‘@"%%%dﬁﬁgvide
combinatians thereof, 14 WO 2007/001240 PCT/SG2006/0001 he
a ca%’%ﬁ’uéﬁa%?d SOTioA PRERFEEmMpfiss thERarb@aie bkrndidselvessn arthe

cargany salvent gtheesganigsolvent c%gw@olggggygqt. The pon;
olar solv%tp]t Gan be an optionally halogen-substituted “organic solvent.

ehaTogEREub&ifed SyaRiEoRnaiieah pAfiRr aldoh-gagours  the
fenvatdment fof the eeactiguheiweepdhaeearbayylategroupsand the

rgyggyg%egg%%gégi%he carboxylate groups of the carboxylic
acid with the hydroxide groups of the alumina film.

Additionally, the organic carboxylic acids generally
have low solubility in water or agqueous solution, and are
generally more scoluble 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

F
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thought that such an environment generally favours the formation of less

I néj d moiety, such as the reaction between the carboxyl
Wé?%@ﬁi"%o* 'ﬁ?e carboxylic acid with the hydroxide groups of the%ﬂﬁ%%%%ﬁmﬂmss

film. Additionally, the organic carboxylic acids generally have low
solubility in water or agueous solution, and are generally more soluble in

oljamiopalveatsesuckasdhose: thsagsed eeio pEhe OREONalY: 1 o rohexane
le gen-substituted aliphatic hydrocarbon may be selected from the
gro%pgggﬁ%}srfﬁ]%l&n gtrg:%ﬁFSP gr’anched chain alkanes, ketones, ethers

and mlugres tlersibbFhg organiasdkient canhe-dnalkaneahavinghide 6 5
88?@@&%9%187{(& @ﬁ@g%'ng 2 :Lf%grﬁaﬂ%% atoms or an ether, h wng 2 of:

to 6 carbon atoms. The number of halogen atonf& A the GORSistin
#apigen-Sulbdttutse orgenit sdvéi cambeirtthé ramge setectsiskiiam therm;

SERUP-CONSIST 1 t 03, 6, 3 10.6 and 4 ta 6.
The haI?]g.?r?rbgg;:/qg);a é%ﬁ%’ﬁngj é%ﬁh%%g#é:s&h%ﬁ% %‘émag%%?sncub%stit éqand
FRRaHic doldeMt saceorMtigl] - Siferine-substituted organic solvent. The
chlorine-substituted organic solvent may be selected from the group
consisting of chloroethane 15 WO 2007/001240 PCT/SG2006/000183
chloropropane, chlorobutane, chloropentane, chlorohexane and
combinations thereof. The carboxylic acid solution can have a

concentration selected from the group consisting of: about 0.01M to about

0.1M; about 0.03MABHBOUPBSFFLPTion OF Drawings
The accompanying drawings illustrate a disclosed

embodiment and serve to explain the principles of the
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 XP3 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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about 0.07M to about 0.1M; about 0.01M to about 0.7M; and about 0.01M

W(%oz&g%%tlgﬁl_\/l. Brief Descrlptllon Of Drawings The acc_ompan)i?le%g&%n/%mss
illustrate a disclosed embodiment and serve to explain the principles o

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

definitipneof the ligiswef thewinygntion: Figs 1 shQws 88 Xt@¥en from the
Photoelectron Spectroscope (XPS) Al 2p spectra taken from the surface
BrthESte’ afurfimb e mbIEHE 6 BRAMPRES O3B LRows an XPS

Al 2p spectra tgaken from the syrface of téeated alumina membrane of

Examplé 1: Fi. 3°S0Ws a'XPE Al 3p spectriRSR&T frori e Surfieiiorthe
sreafed-alundfind meerhbrirelohBExamplen; fag el sifowszanRS Al 2p

spectra taken from the surface of treated alumina membrane of Example

3; Fig.Bishow8 aZomisineanX PEPAI 2p spectramt Figs 1 ttelkFigiBom  the

j t r fa ed.alumina
R

PCT/S&2P06/090L33uH0. £nShaws ap XPS Colsapecia iakendrop il tne

surface of treated alumina membrane of Example 1; Fig. 8 shows an XPS

Rifartr e keiksrriedsiite trredied aarmiremBaNeremes of
Hxanmile 2; Fig:® shows an XPS C is spectra taken from the surface of
treated alumina membrane of Example 3;

Fig. 11 shows an XPS Al 2p spectra taken from the
surface of untreated and treated alumina membranes of

Examples 4 to 6;

Flg. 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 1ls spectra taken from the

surface of treated alumina membrane of Example 5;

Fig. 15 shows an XPS C 1z 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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Fig. 10 shows an XPS F is spectra taken from the surface of untreated
and treated alumina membranes of Examples 1 to 3; Fig. 11 shows

an
w?(ﬁ"@%%f)‘t%pectra taken from the surface of untreated and trEGEHE2006/000183

alumina membranes of Examples 4 to 6; Fig. 12 shows an XPS C is
spectra taken from the surface of untreated alumina membrane of
Examplesd tol® FKhokB showsi@s XRS Clis speetrectakendiosmtheérom the

swlace of t&%at%%‘%(%%f‘riaﬁﬁ%%”e 8%%’%@8"9% FAg.- 1 ghows an

XPS C Is spectra taken € surface of tfreated alimina membrane of

Exampie. 5 Figd53hops A XRSE s poegtraaen Tgmde SrRos of che

treated alimina membrane of Example 6; Fig. 16 shows an XPS F is
SHECtACRKER floRt Bfe SurfheB B unticlieedtl wdatBdaimhma’ /
membranes of Examples 4 to 6; Fig. 17 shows an X-ray Photoelectron
Spectrésdpe 2PN P 2 aREN KB the stHasPertRRestéd Figs.
alumipa mrembrane of Examples 7 to 9; Fig. 18 shows an XPS Al 2p
spectra taken from the surface of treated alumina membrane of Example
7; 17 WA 200290 EHO-RCESGRPO6/0Q00183 digckY-shoveskam XS the
Zggggctra t?e& f omgl%eedsurace.of treate aluminahEn brane of

[ fr

ExampFeeS;(D g. (g SRows an B@lﬁﬁpmgp%cﬁaaqgké) ﬁ}aﬁél%ﬁrfgcg%f 9i
reatedzalyming memirgoe of Example.; £ig- g1 ehpws 3oMRined ¥RS e
Al 2p spectra of Figs. 17 to 20;

surface of treated alumina membrane of Example 7;

Fig. 24 shows an XPS C ls spectra taken from the

surface of treated alumina membrane of Example 8;

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

surface of treated alumina membrane of Example 9;

Fig. 26 shows an XPS ¥ 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. 22 shows an XPS C 1s spectra taken from the surface of untreated
alumina membrane of Examples 7 to 9; Fig. 23 shows an XPS C is

W%Sg’g{%{%ﬁ?en from the surface of treated alumina membrané 8?@%?38&001%

7; Fig. 24 shows an XPS C is spectra taken from the surface of treated
alumina membrane of Example 8; Fig. 25 shows an XPS C is spectra
taken from the surface of treated alumina membrane of Example 9; Fig.
26 shows an XPS F is spectra taken from the surface of untreated and
treate dizddmamirioen el ahes ot & xain ple B 7t & b . RidldoBikmshoy

Scanning Electran, Microsco SEM) micrographs of glass-supparted .
oL B LRI T Bitned ) BhASaT e B dE FrD Avdites. a3
brainfitas; 180 mitetes; Usaminiites @nelBmindeEsakipartivele I3 d@e to

40012 20 8 jled Disclosur re .
B Do ment Kah Tsling SkarapIot ki i Bostiabad wllbe 2 17
afuyther deséibedlincg rehiter Heeatbp Fefbhen cény espeidific. Examples,
which should not be construed as in any way limiting the scope of the
invention. Example 1 Treatment of Commercially Available Membrane
Using Trifluoroacetic Acid Sol&¥8fRHraltintha membrane (WhatmanTM

Anogised dharhawing snifiick3ese1gf Gl andidila pemial PAr&SZRy
was obtained from Fischer Scientific International, a company

incorporated in theF bty sigresismBrids ARABEER%ed carboxylic
acid Sﬂwt'gfﬁ%ﬁ%gretﬁ’%q'ane (Whatman™ Anodisc™ 25} having a

thickness of &0pm and O.1lpym 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 cutlet 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 foxr 4

hours.
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by dissolving 0.03 moles of trifluoroacetic acid (99 vol.%) in one litre

W(SJZQQQ&H‘;%O“ pure 1,2-dichloroethane. The alumina membra@,% 882006/000183
immersed in the carboxylic acid solution, and the carboxylic acid solution

was refluxed at 60C for 2 hours. The refluxing was carried out in an
enclosed flask having an outlet connected to a Liebig condenser, such
that any vapour given off durin§xgmseatihgcondensed and flowed back

into4he, carhoxylic, ackbsglution. kR alning Membranewas, ey

from the carboxylic acid solution and was rinsed with de-ionised waterto
remove any residual 12egEhkrsepantanmd gl isthg membrane was

subsegygntly diigg-n anoveR 245G for 8,.Re$.19WQ 2004001240 5,
PCT/SG2006/000183 Example 2 Treatment o Commeruallié Available

AASRINARE ©stht P eHiForBEEREH oRCAGE PRI dimirfE ahe gbxcept
tExamplecl wasdepatedt by agaeriaree withahednethed dascibed inixample

Example 1, except that the halogenated carboxylic acid used in this
"B Ra R et WAR R RRSBPR ANt eid. Example 3 Treatment of
Commercially Available Membrane Using 2,3,4,5,6-Pentafluorobenzoic
Acid The alumina membrane of Example 1 was treated in accordance
with the method described in E%@é?ﬁftﬁné'ﬁ xcept that the halogenated

carboeghd-aeidiuset icthmdabylaywas2i3 41516 prataiinareb angoioy
acid. 2,3,4,5, 6-Pentafluorcbenzoic Acid

The alumina membrane of Example 1 was treated in
accordance with the method described in Example 1, except
that the halogenated carboxylic acid used in this Example

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

Bxample 4 -
Treatment of Laboratory Synthesised Alumina Membrane
Using Trifluorocacetic Acid

An aluminium f£ilm was formed on a microscopy glass
slide by RF magnetron sputtering (80 W; power density of
7.1 W em™?) using an aluminium target in an atmosphere of
argon at 6.67 x 107° bar (5 x 107 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~0.H). The anodised film was then

rinsed with 18MQ-cm resistivity water and immersed for 5
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Example 4 Treatment of Laboratory Synthesised Alumina Membrane

wb)%ﬂgm];ﬁ_g%oroacetic Acid An aluminium film was formed on %%Q%W%OISS

glass slide by RF magnetron sputtering (80 W; power density

cm 2) using an aluminium target in an atmosphere of argon at 6.67 x 10-6

bar (5 x 10-3 Torr). An alligator clip was used to connect the aluminium
rfilmtoesgdifect aurreay®S)ponet supply. Aplatminmigauze coiMterhromic

a%?‘&”"dﬁﬁ’&as 9‘56%‘1;]‘39&%%@{%89@8“O”aVcE’J]tége was gppliedbefyeen, . o

e aluminium film an atinum counter-electrode. Anodisation was
gyerfsrAiceratiambisht seshperatire for 7eminutds 4840 VL in a20.20Mostalice -

A6t Sluion (HR%,C:G024) This Apgdised fim wasthen tnsed withucion
18MQ-cm resistivity water and immersed for 5 20 WO 2007/001240
toC fmpobE091 88 immuitsih zanSque ot Sol Bt o e SR aifig O P20k Was
' id.and. 0.3 i id. ;The film w s nt o
e e N o T s e g0°C
foxalig a}eidmﬂutio_r’i‘h@ f&m@la_mmmh@m@g bRmnipathickness
Jremprane wes dinsedyvittde-lonised water, and diied in.gn ouea ALEOE of
for 2 hours. The formed alumina membrane has a thickness of about
24gokm and the pores have an average diameter of 20nm. The alumina
membrane was subsequently treated using the method as described in

Example 1. Example 5 Treatment of Laboratory Synthesised Alumina
Membi&§e @alumina membrane was subsequently treated using

the method as described in Example 1.

Exampie 5 -~
Treatment of Laboratory Synthesised Alumina Membrane
Using Perfluoropentancic 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

perflucropentanocic 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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Using Perfluoropentanoic Acid An alumina membrane was formed on a

icroscopy glass slide using the method as described in Example 4, and
W(gfqze&)?/o%rgnléﬁ alumina membrane was treated using the method %@S&MG/ 000183

described in Example 1, except that the halogenated carboxylic acid used
in the Example was perfluoropentanoic acid. Example 6 Treatment of
tabbratphyi Synthesised deniinaiMemtitane Risingle was 2,3,4,5,6-

e%,élanQh%%néag%ozrg%)_%n%o&%égd An alumina memprane_ 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, excep&%gi%ha}logenated 21 WO
20071001240 PCT/SG2006/000183" carboxylic acid used in the Example
waSvenameg tyefiafiabrenetssy «Sin heaited Honweat Hembrane

Laboratory Synthesiggeh 4lyinina pMembrane. Peing Biflyioroacetic Acid An

alumina membrane was formed on a microscopy glass slide using the

methoffasedasetpad e ERaripfe ¥asnd MBS marsed phoseismic adigss
SPiHON3 vk %kfer 38 rminutes atrmbient teMperaiyer, the aluminay .

membrane was removed from the phosphoric acid solution and was

THEEGSHMh detioRILBARPRER T h& Gh it iigkitne \Wasubstyuehay 30
Heatedysing theonethodmasndesuibeddn Example 1ukXamPiedbrane was

removed Ifrom 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.

Example 8 -
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 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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Treatment of Laboratory Synthesised Alumina Membrane Using

Wg%‘nggJ&%ntanoic Acid An alumina membrane was formed PLR5G2006/000183
microscopy glass slide using the method as described in Example AE and9

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 Wagraideri vith de-ionised water. The

alupinamenvrage ﬂ@&@%%ﬁﬁ#ﬁ%@%&@%ﬁﬁ%&h%ﬁﬁ ane

described in Example 1, excep e halogenated carboxylic acid used

in the Exan51é79 perfludropefiRertadd vroenpopiicid
PCT/3&2006/000183Examnle yeatneil of Laborafory, uihesised 5 4q

Alumina Membrane Using 2,3,4,5,6-Pentafluorobenzoic Acid An alumina

S fristio r‘éﬁé%s%‘?nﬁﬁ%?"%&l nArodessFdlRes dieRisimpar Metrigeagias

idesoribed in Exapmelerh andavas JmmessadiniRhosphoricagicksolutign (30
vol.%) for 30 mipytes at ambient temperature. The alumina membrane

MRE e e PSS phTRBRGHEHER SoltidR sht RS AnBsdkFRTe was

rdmdorised watertfibe phiuniph srembianeavas-auhseaeathstreatsd Hsinge g

- q%mggh_ogo%s g%écr,jl}ba d in Example 1, except that the halogenated
carboxylic aciaUgadin e&ExampIe was 2,3,4,5,6-pentafluorobenzoic

acid. ERempleuiC nanatysit ok fireatedsMenibsaneseofiixamples dd@ Qusing
tﬁémﬁgﬁﬁggogs described in Example 1, except that the

halogenated carboxylic acid used in the Example was

2,3,4,5,6~pentafluorcbenzoic 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 (XP3) 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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The untreated alumina membrane (WhatmanTM AnodiscTM 25) was

W@g@d)@?gfﬁing an X-ray photoelectron spectroscope (XPS) fg?‘t}é%%‘%"" 0183

p or 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 XPthte sturdyr-iber2piorhitahof nalumisiyn atems om thenswiaceolihes o
ﬁr ated alymina membranes, and XPS spectras depicting the analysis
r

egdltsaal?g st I ER5 S5 (TR Tely Fids 5280 dconfbirkatiolere

Ohatllo¢ theaspacteasd frogi kigst hdéo #P23 WOs20070Q2401 s orbital of
gac%ysrgzoqglogmss Th%1 gntreate %Iumin membrane (WhatmanTM —_—
Ahodisc TN 28] "and the tiagted Rehibianes of EXAMpRT RIS s !
$prtirdrzmly seg disingribe XS tostrdyytivess orbital of scadpa atemsen in
ﬂ?ggrf%cq:%f gmer. ggubr nes, XPS spectras depicting the analysis

SCtiVvely. . :
esults are shown in Figs. 510 respectively. The untreated alumina

membiiEre (Whateaodd Aaddist il 2ExBRe ke treaiad mermbranesof sc™

ample 1 tq 3, were also analysed using the XPS to study the is orbital
0 ﬂuof’lllr.f(ge1 a?%grr?s (;%ﬁ: ﬁwae% RS HE e brariedaRPEe sgech@s 3+ Were

albpicting $ieyaralysis tegylts iof eatdssamples aie ghawa in1Hg.dhital of

les 4 tq 6 The untreated alumipa membhrane supported on the
@%@%%ee W%J%oaz%salyggd u%r?g a%%—%f %hoct%crale ol Rembranes.  xes
spectras depicting the analysis results of each sample

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) teo study the 2p orbital of aluminium
atoms on the surface of the untreated alumina membrane.

The treated glass-supported membranes of Examples 4
to © 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.
APS spectras depicting the analysis results are shown in

Figs. 12 to 15 respectively.
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spectroscope (XPS) to study the 2p orbital of aluminium atoms on the

wéYh of,the untreated alumina membrane. The treated gla%%%ﬂﬁ&%mgs
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 BREIURITGRRABfs Dhahe sevpee Ot e Fobpaitve memibrames and

are shown iR kigy 1ds Theumsated;olassisHppated aluymi g@bﬁan@o 6,

and the_treated glass-supported membranes of Examples 4 o 6, were

Y§rHTer HhaR sBRt SIS the P8 %0 ERRIy¥RS ist ortaneicarhen hormebatal

dife surfaceiofdhe fepmbianeshXPSiapestas depicing heanalysls . xps
results are sgown in Iil%s 12 to 15 respectively. 24 WO 2007/001240
‘i*?ﬁi‘s{?ﬁ)o 00 TE3 “PheUiftre Rt yIadS subpeREERIPfinEARMbRaTR Le

anel thadreatachglasg-supported membranes of Examples 4 to 6, were
also analysed using the XPS to study the is orbital of fluorine atoms on
the surface of the membranes. XPS spectras depicting the analysis
Fesultslafeathtsantple are shown in Fig. 16. Examples 7 to 9 The

untre etched alumina membrane supported on the glass slide was
analyzgad%sﬁg%e{:ne %y p%](%t(r:(;%?e%tﬁnu to SR S) THERRAY IRE on
rorBialsst afdrmitiuma atams by skel suddcayobihexnteeatedh akusaina ct ron

SRRBRIANS AR XTRHCHB USRI AR SASSRL IS SN D5 0s o
atoms on the surface of the untreated alumina 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 1Is
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 1s orbital
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The treated glass-supported membranes of Examples 7 to 9 were also
w@gﬁ#ﬁ‘ﬁ k'(?ing the XPS to study the 2p orbital of aluminium 8 9&]&%0183

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.

ohefirteaiatglasssapportethauminafimembrnetdnd trenbeatedls.  XPS

Qﬁ%ﬁ?ﬁ o] abran f Ecéggl'j t further lyse

using %P%%%)ﬂﬁge ﬁle%ihsg orbita g}fgciagrbgﬁ%éstg\mﬁsgonét e é%r ace’o mple

IHE nRRHMIANES. XS spéetras 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

T68u4adrt s Unalisst ddifg theorP SRSt IR Fe Srbipdt tag e From

R0 2460 RGT/$G2006/000183 of fluorine atoms on the surface of

the merggranes. XPS spectras depicting the analysis results of each

samplé “RESshowR R 58°Fshudton HF RBLGIECrBGSB S eiragat io

abtafieddrone Examplas:hio Subablerl below showsihg atloBi® ranes of
oncentratiqn ratio_of fluorine to aluminium on the treated membranes of

xaénﬁﬁ)p e§1 o%‘?T%\ble 1 Example 1 Example 2 Example 3 Fluorine (F)
atomic concentration (s) 0.93 4.4@3K¥Re 1

Example 1 Exanple 2 Example 3
Filuorine (F) atomic concentration (%) 0.93 4.40 3.02
Aluminium (Al) atomic concentration (%) 16.98 12.99% 16.38
F/AL atomic concentration ratio (%) 0.055 G.338 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 Exemple &
Fluorine (F) atomic concentration (%) 0.82 4.38 1.5¢6
Aluminium (Al) atomic concentration (%) 19.58 19.95 23.8¢
F/A)l 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.

Takble 3
Example 7 Examnple 8 Example 9
Filuorine (F) atomic concentration (%) 0.65 3.83 1.85
Aluminium (Al) atomic concentration (%) 24.83 27.73 24.70
¥/Al atomic congcentration ratio (%) 0.026 0.138 G.075
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Aluminium (Al) atomic concentration (%) 16.98 12.99 16.38 F/Al atomic _
._concentration ratio (%) 0.055 0.339 0.184 Table 2 below shows the atomlc0183
W EHEE A on ratio of fluorine to aluminium on the treated mgﬁyﬁa(ﬁgg%@

Examples 4 to 6. Table 2 Example 4 Example 5 Example 6 Fluorlne (F

atomic concentration (s) 0.82 4.38 1.56 Aluminium (Al) atomic _

concePaialion 478) 4958 £0:85:21=80 tHA aloalie CoaerHEAlON nayoT(Q)ef 2p
1042 .0.220 0.042 Table % below shaws the atomic concentratjion ratio o
O%l%r%%to glﬁmi%l%ma%%ﬁ 8 tréjar%edq%lgmb?%e S6Exal Iejgthieto greated
EABIEERaDIE R Erakie 8 Bxaniple®d FllotinedF) aftigicvalues were
gencentratien (3) 0-62 3,8%1.83 Aluminiu AIZ_Latoml caoncentration é‘y)
s 24.5%0 F/A|f%’micgc%%%‘éﬁtsrat%]%%tuoj(éﬁ §i5s 0.?3 0078 17
£96 WO 2007/001240 PCT/SG2006/000183 Table 4 below compares the

peaks generated by the 2p orbitapgf ALatgms on the surfaces of the
treated-membranes of Examples 1 to 3 and 7 to 9. The values were

obtained from the XPS spectr&fshowrfh Figh.B-5 arjd™7 to] 2% Table™- °
ERIPEX PO T ERT BYG Ex. 9 Oritiingd Peak Podition (eV) 22764

29 576 34] Bplt PBAk(eV) 73.41773481] 7R 40 7p.65 8. 49733, b6 Peak Shifts
¥ed¥) 770060 0.76 0.89 0.7 107 0.69 0.76 | 0.89 | 0.73 1.0

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 o1
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 fnembrane treated with

perflucropentancic acid CF3(CF3)3CO0H) is almost twice
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Example 11 - Results and Discussion of Example 10 Presence of

I d Carboxylic Acid on Surfaces of Treated Membr.
W goagrﬁfg{f%%s to 9 Referring to Figs 10, 16 and 26, the XPS spé{ilgt?a%s(%006/000183

clearly show the presence of fluorine atoms on commercially available
alumina membrane of Examples 1 to 3 (see Fig. 10), glass-supported
ahatin® heftrapdsof SEx@mples 440 6rn(Sea FigetByram® treated with

@'@?@%@P@%ﬁ&%@%P&%’Qﬁ?ﬁfﬁ oA EgMPles /o (.S‘?erﬁiﬁ- 26)an be
after chemical treatment with the ha ogenated carboxyaii acid solu ons,
therebyp stggesting 386 presehce ol gegkalogemsted cafbdd/tate tpeumbbms

ihe h%@g@@@@%@@&m"c acigl op. the gufaces of these yeated . e 4y

membranes. Comparison of Atomic Concentration Ratio of F to Al on the
ShrfHeEs) of Pfetiradte ¢ PHETRB R B ExBhes 2 9o Bt Referting teFEERISH -

1, the atemiceeneeatration e of 5 19-Al o the susface-ofithe alumina +pe
membrane of Example 2 (i.e., alumina membrane treated with

PeffitfrepeRtandi@ acid EFSIER2)sEBMfis MRTERFAMBe 2F WExample 1

2004/001240:G  S=200640Q0 183 thal of frxample- 3 £h &0 AbHRIBR ¢ acid
membrane treated with 2,3,4,5,6-pentafluorobenzoic acid C6F5COOH).

Thi&BH beldu &fbntﬁédﬁﬁé?aéé RFgritimberof fustinetdtmE=fated

R CERIICOH. Theresred fluorinaatoms insGRCFZRCORBEr of
mgared to 5 fluorine atoms in C6F5000H. The atomic_concentration
PRI B0 A G tne-urate b ing fredted Mina. Mehftiahe bpan. those

ERaniple dcfids, algaina. menslanape deeatechwith srifluoroacetic acid
CPCORE 13 goniderably loper than thoge oL e treated vn in rable 2
are consistent with those of Table 1. The atomic
concentration ratioc of F to Al on the surface of the
glass-supported alumina membrane treated with CF3;COOH
(Example 4} is considerably lowexr that of the one treated
with CF3(CF2)3C00H (Example 5). The atomic concentration
ratio of F to Al on the surface of the glass—-supported
alumina membrane treated with CgFsCOOH (Example 6) is
lower than that of the one treated with CF3(CF;)sCO0H
(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 CFsCOOH
(BExample 7) is considerably lower that of the one treated
with CF3(C¥F2)3CO0H (Example 8). The atomic concentration
ratio of F to Al on the surface of the glass-supported

alumina membrane treated with CgFsCOOH (Example 9) is
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membranes of Examples 2 and 3, since the number of fluorine atoms in

W‘gfgﬁﬁ@%% is 3, which is lower than those of the acids used %%mﬁﬁemw

he 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
IoR3ECOOHatExambdle 495 cohsideralsly fowen thead ofvwlid bneCre 4t )withOH
@g{% 23)3gp'0H (Example 5). The atomic concentration ratio of F to Al
on the surface of the glass-supported alumina membrane treated with
C6F5G0OH tExdmpleB)ss donerttaimbassd thhdnearaated With surface

SFRE3CAOH (ExamPIe Ay THE resulisdrom EXgRRIeS. 4 Q.9 ASoxy1ic

shown in Table 3 are also consistent with those of Table 1. The atomic

&oHeanthABATEtio%f R 36 3¢ 6n HERMaceO st the pasisupperted  This

waumina gresebragederaied Withe P3O0 (Rrample ) is 6Qpsiderably 1 g
lower that of the one treated with CF3(CF2)3COOH (Example 8). The
DASHRICGhRnERESH A BFF 3¢ ARBH 296 BurfalceSofthé ghsidtphoftams

clumigamembransdreaied Witk CH5F000H dexample 9kisr 28 MO of the
007/001240 PCT/SG2006/000183 lower than that of the one treated

ER3(EEBREOBH EBRSTpIES). PhETERAR tRrefdradiigiesttagasts

igreaiersueface eovetage caube nchinveddyrising/halogesatedos on the
carl%m((:ylic a%'d havingta Iar%ergwmb r of halogen atoms. This would
AT 20§ Fe St A Kl Sgdriad CarisUREARAE -having a higher number of
halogen (i.e., fluorine) atoms

Covalent Modification of Surface of Treated Alumina
Membranes

Referring to Figs. 1 to 5, a comparison of the XPS
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.
trifluorocacetic acid, perfluorcopentanoic acid and
pentafluorobenzoic acid respectively. The shifts of
0.6eV to 0.7eV suggest that a covalent modification
process 1s likely to have occurred Dbetween 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
trifluorocacetic acid, perfluoropentanocic acid and
pentafluorobeﬁzoic 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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can achieve better adsorption on the surface of the alumina membrane,

Wéiﬂﬁﬁ lalaflwesence of fluorine suggests the presence of the fﬁ@{}g&ﬁggﬁ 1000183
carboxylate groups on the surfaces of these treated membranes.

Covalent Modification of Surface of Treated Alumina Membranes
Referring to Figs. 1 to 5, a comparison of the XPS graphs of the 2p orbital
st AbatomshiadlicatengbduddEe v id hboutiGaZe\i sinft irathé pebkswaftee, it

treatment of the, sommercigl alimina membranes of fxagples 4 10,3 Wit ¢
fitludroacetic acid, per Iuoropen%anom acid and pentae%luorolg%nzoic aci
rpbetivelyl Thershifts of théeVatbunZoW suggedeitat a dovadenthindering

Ql?:géf&‘}\%igﬁtpr%g%iééi kebnlgriaue oceued heeen ghe. RIDRIRIE; ne.-
groups of the acids and the hydroxyl groups on the surface of the alumina
fdpatirifas eRefepiiprivRigc1 R shifes- in tHEdenks of Seoppstgrphy the

aissRLRhserved far glags-sypparied aluminagmemhrapes of Examptes dooy

to 6 after treatment with trifluoroacetic acid, perfluoropentanoic acid and

péRtaRSorobePRBRE6E Pespetive SRiis car biedle tP RRSERS0S B of the

the-aluming surfaee-to.exalic geidkduring, tha-aaedisationiRIacessnbP@ie of
acid is known to form 29 WO 2007/001240 PCT/SG2006/000183 stable
ERSERAG béhd$Shth M@t iodLand likBWIRTit < fkerthabthe hali@lass-

aciggnay Bave farmrd @=stableguiriage dayenei the alusnipashisace, thuscid
hindering subsequent surface chemical reactions by the fluorine-

SEBATRLD cdPboxyifCackRiCRRKk S Wpiorel Byihg<oup decreases as

can be seen in Fig. 22.

Chemical treatment of glass-supported alumina
membranes pre-treated with phosphoric acid in Examplies 7
to 9 showed similar peak shifts as those achieved by
commercial alumina membranes of Examples 1 to 3. The
shifts range Dbetween 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 c¢f 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 1s 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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observation of an unusually high proportion of COOH groups
represented by peak -289eV) present on the chemically untreated

wéﬁa@@-@ﬁ%ﬁ%rted alumina membrane of Example 4 (see Fig. J‘%T/%@P 6/000183

etching of the glass- supported alumina membranes using phosphoric

acid (Example 7), the proportion of COON group decreases as can be

$emreineg. 2RuChemicahtréatmrent efsglassmspppededtaluming untreated

g\ﬂ]ﬁ{g@gsﬁ pre-treated with phosphoric acid in Examples 7 to 9 showed

similar peak shifts as those achieved by commercial alumina membranes

of Exariplesexgy®.tEhe Shiftstiange betieen abobtGieVandit.geVs, the
y -indicaingthat,a cov odificatio ss is likely 10 hayv

o betaeanting Larbogat Groubacot B S and e Fy e

Ylemps dhrthesuifage bhtecalipsina hsrbanssrfiss fesilts also®leartynis

eiiemdbe assympiiondhat residualoxalicacid left on the alumina films
after anodisation in oxalic acid, inhibit the covalent modification process.

CompafiS6R B B BpediieofiE Drisig 6F CamoniAtshRe dF Sarkddsdf of

Treated-Mephranes eblsamples 1o The, XPa-spectias of Figs 6 {0-3ateq
(Examples 1 to 3), Figs. 12 to 15 (Examples 4 to 6) and Figs. 22 to 25

BEY to"oy-Htved Rftrémtestite foPdsaRRay 86 wHluorinated

2001083240 PCT42643006/000183 Heeates algaiRa sufacesase  treated
cor%g[%red to the untreated surfaces. For example, for the alumina

Mefbranéof Fig. 8, the

Example 12 -
Contact Angle Analysis 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.%
Treated with CF3COCH 105.4

Treated with CFs; (CF.) sCOOH § 105.0
Treated with CHsCOOH 93.8

Glass-supported alumina membranes used in Example 4
were ilmmersed 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

31



peak at 289.61eV suggests the presence of CF3 groups. Whereasé?:g _
the untreated alumina surface (Fig. 6), this peak corresponding to 0065%00183
W%ﬁg%-"ﬁ(ff%‘c‘%ordingly, the XPS spectras of the is orbital of the ]Eg%%%
atoms on the surfaces of the treated membranes further confirm the
resence of fluorinated carboxylate groups on the surfaces of the _treated
RAMTEARBS SExAthBle 1 X CamAst ARgle AraBaiof Tieated Ahminareated
[ [ le 4
Memhranes Glass-suppqied.alumina membranes in Exam ‘
were tregtegd in %%%orlg%%cée Wi%?]lltfrl%nme%ﬁgéls o%iiixgilgples b 6 excEprrs
Rt tredted e mbriiesaweR dricddn an rade atﬂ.ZﬂiGéorsZﬂrlﬂ@Uf@sd of
hese treate
Eoatact apgla-measurRmeNissWeremage op the surfaces of thes :
membranes and are shown ir? Table 5 below. Table5 oan}fac Anzkf@ )OW
Glass-supported membrane 83.1 Tadated @ith CF3000H 105.4 Treated

OAMALL . O2.0Q

FuithiGd-3 eS0T TOSQn deaet Mn AP GORMATEromias i
Glass-supported alumina mgmbranes used in Examp&gﬁcﬁgggdgﬁmersed

: ; I i 3veHa-avver-a-beriod-of 0 minutes 15 minutes 3
ol p[TprllUllL atluo VUI./gé-\iV\.,l TP CHOU—Ot—o-rhtigteo. ’

. 105,09 :
mirtes—45-minutes-andi60. minutes to resylt in mel 8ranes of different
JHTTUC S50 h S-atHeHO

ot

o5 were then treated with|th&pfocess in 31

ﬁo 2007/001.240 PCT/$32006/000183 accordan¢é@twith Example 5,
Bcept that the treated | 11%-1 111.7
50 111.4 104.2

Scanning Electron Microsceope (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-90nm
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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membranes were dried in an oven at 120C for 24 hours. Contact angle

nts were made on the surfaces of these treated Ell)i?
wO AT 'P‘CJ) té%%(%%@mss

and are shown in Table 6 below. Table 6 Etching time (minutes
Glass-supported Alumina treated with alumina CF3(CF2)3COOH 0 83.1
105.0 1596.3 103.5 3098.198.6 45 111.1 111.7‘ 50 111.4104.2
BERRNG ElectronMHefos dopkM SEM DGR S dfithe Gldsbesupportarbre

lusina menfranesrenasedds the, Phesphgre agd Jorthe yariaus e rore
apeéiod of time are shown in Figs. 27 to 31 respectively. The range o
0

BiTe 2258 BcREVERYor'he 'ghess ¥8BpGited RAnfemembragegmount of

mxpbded 1o phosphoricragifletor @ Minutes tihmipytass 3Q minutes anti4s eq
m%tes are 35r]{;n-45n , 40nm-50nm, 50nm-70nm and 80nm-90nm
n}%spé:cﬁll\ﬁ/%@f The g‘?e?%??ﬁﬁ:ﬁdrteé Aunfithftbraidthat Was sxpeseats,

ab phedpharitaacitkfos SOmnutesrwasiddmageth oS As§ISUPPOREd he oven

luming, film membranes, prior to drying in the oven, were observed to be
%ydr?g%%ﬁc Chiedsttéd’ éBﬁta@Péﬁ@@ AFFOTR FEfipaiature of about

24. \\hegthese membanes weigsiried dn the-ovenat 120G o8- - -+ angle

of the alumina surface after chemical treatment,
suggesting that more hydrophobic surfaces were formed
after chemical modification.

Referring to Table 6, it can be seen that 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
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24 hours, the measured contact angles increased to 83.1 2.5.
e-hydration by immersing the membranes in de- ionised water resulted
W(Igflzgog\@%%%({ angle values of 48.3 3.2. Similar trends were obseRedr1ar 100183
the glass- 32 WO 2007/001240 PCT/SG20061000183 supported alumina
film membranes with different pore sizes. The differences in contact angle
Satues befope cretaftehangngsiintheé averd. can ba-due to:threcanfount@f  for
Jesidyal water trapped within the pores of the undried membranes.

Therefore, for contact angle measurements, all alumina membranes were
dried thbrotigPBAiA the cvehest 1200 beforé barrghgout ieching time of

ineagyremants. Resiltsioffable A.show ap ingreage in contact andle. of o : o

the alumina surface after chemical treatment, suggesting that more

IytfopReBiR siffhcedifere féfredsaner chemfatmobiéanehRéfeling at

do Tablerg.dt can hayseamthat the 5%@3;&%9'@;%“%Eoryfﬁsédgﬁddue to
glass-supported alumina membranes with different pore sizes, indicate an

THEG¥4BE T the TORBIER dnGIE aSHRE Pofe S¥Pthtfeadd dthetdtych hinder

Stiggesing anreerease in hydephobicy ofghe surfacer Howeyehdheruted
(%si%e trend is not,observed for the chemically treated glass-supported

e P A& of i ERIPGHE TRV Gnd thEBéRacCIRTiE Thlpagle
niemain: ¢rkatively wenstaptregasdiess of the paessize.sthgeffeds ok 1unina

BgsraRabaioptobcy oo pore ke sy clemed

pore siZes mearsanore eagfact withsail peckatsdvithit ghe P chemical
modification of alumina membranes changes +the surface
hydrophobic property of alumina, whilst at the same time,
showed 1little 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 less hydrophilic or more hydrophobic
surface. Such applications include providing hydrophobic
surfaces 1in micro-systems and 1in 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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channels. The air pockets in the pores of the membranes exert little
attractive forces on water droplets and hence, an alumina sample with
W%?&@’[%’f@%ims are similar to ones in which the pore channel$ ArEHlay 000183
with hydrophobic materials. Increasing pore sizes for the chemically
treated alumina membranes would have little effect on hydrophobicity as
Woilethe sedadeandh 38IWQ 260 #1004 2401 RAF/SG2006(001n83 therairthe
imilar. low at Ive forces for water. It should be noted
?ﬁaﬁﬁa tf@ﬁo%%l&lir%y ti%%atg ?[Osrﬁi%ﬁ%eé’%ﬁe%r%%%r treatment with
perflurépemahdict aciarduesamdt yidld thersamesurfata dydrephbbicitytat on s
Apatlsiihe abiming sample. s jalkaly dyevp jpcompleteremoyal ofy,
surface oxalic acids which hinder surface chemical reacti r%aby
HiabrARe-sdstitited carbokyire agils as bbsarverkalsdves Hehee, fomtagbing

@hglel reasureents.werscaried,Qut op glassssu ng?:ﬁ?fttal g@@arseﬂcope of

samples etched for times longer than 10 minutes. The contact ang

TB&ults IRiEREHABt chdRfical irhodificatior BEseeMa mehibkanesll  such
wbanges the swiacanbydiepiobie prperty:gfrlumina, whilst at the same ¢

time, showed little variation despite changes in the pore sizes.
LorRGIHRR FdatéBfnembranes 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
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an alumina film can modify the surface properties of alumina film, to
wihesehyoexdend its use to applications that require a less hydreplke re/e00183

more hydrophobic surface. Such applications include providing

hydrophobic surfaces in micro-systems and in the separation and

purification of protein molecules. It will he appreciated that the method is

simple and inexpensive to carry o ‘Wipared to existing methods 34

WO 2007/001240 PCT/SG2006/000183 which require high pressure vials

3s outlined incgledBa%k%roun%section of the specification. It will be

) Stvaiioud othiér ottt afidhs™ AHE-H8ptativfs GPIethTémibne

apparen fhat various oth&f
witldye aparent to the person skilled in the art after reading the foregoing

disclosure,withqut departing.from the spirit scape of the invention and
itlis inte%n%%ﬁl%ﬁﬁoﬁllﬁﬁzhs%lodif?cia%ﬁgl %n%n%\ Aptatiorfs E&ﬁg%éﬁlﬁfheamd
stobetafothe appErdedaciainis. BeWO 2007/08124% the hydrophilic
%ggé%ggqg@/ogg@%?dgﬁp%&c@ @J@_thé)d.cg tg:ea_{lng an alumina film

comprising the step of: (a) exposing said aliminz film to a carboxylic acid
solution under conditions to reduce the hydrophilic properties of the
gurfacefof serd-fipsl 2.8 method msdlaied irctkim 1, Whereinsaid.n  said

catbopylicacid has the frmula REGOOHIN. whesein R is an aliphtic
hydrocarbon group or an aromatic
R 1s an aliphatic hydrccarbon group or an aromatic

hydrocarbon group; and

nis 1 or 2.

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 & 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.

o, 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 8, 1 te 8, 1 to 7, 1 to 6, 1 to 5, 2 to
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hydrocarbon group; and n is 1 or 2. 3. A method as claimed in claim 2,
wohesem 34 an optionally halogen-substituted aliphatic hydrosggla@ess/oce1s3

selected from the group consisting of straight or branched chain alkyls,

alkenyls, alkynyls and combinations thereof. 4. A method as claimed in

ilaim 3, wherein said alkyl. has 1 to 6 carbon atoms and said alkenyls and

fkynyls “Rave’ 2 t8 6°Carbln atorh8. 5O nfetiét &8 claimE it Biairh 10 10+

wheeein®aid carboxylic acid is a halogen-substituted carboxylic acid. 6.

method as claimed in claim 5, wherein the number of halogen atoms_of
?,\aid hgzgogmeeﬁc-%ﬁ fifited @Byt a 4341 e r4RGE SR ciRf foMahaaen
dgeoupleomsisitng of 1t010,1t09,1t08,1t07,1t06,1to5,2to 36
WO 2007/001240 PCT/SG2006/000183 10, 3to 10,4 to 10,5t0 10, 6 to
10, 7 to 10, 8 to 10, 9 to 10. 7. A method as claimed in claim 5, wherein
8aid hatogeme i fidorires 8. Alméthed asiclaimetldhrclaim,7, whieeeinithe the

inersubsti . li id i lected from. the group conpsjstin
e B e e B b e tne
fliyorine-sabstibied batarwic abidy fludrire-substititedtpehtancietdo, acid,

@i%gfiﬁ@%%tggihﬁﬁgaiﬁﬁ%%ﬁﬂganEb&aéipnle§£%?{egsﬁﬂ%%t§99ted

as claimed in claim 2, where s an
butanoic acid, fluorine-substituted pentancic acid,

fluorine-substituted Tthexanoic acid and combinations
thereof,

9. A method as claimed in claim 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 soluticn comprises said carboxylic acid

dissolved in an organic solwvent.

37



optionally halogen-substituted aromatic hydrocarbon selected from the
wgragp@angisting of benzyl, toluyl, xylyl, naphthyl and combinatQrs;2o06/600183

thereof. 10. A method as claimed in claim 7, wherein said

halogen-substituted carboxylic acid is a fluorine- substituted carboxylic

fgid S%{ectggghorgthe rou é:gnSi tingL of flugrine-substituted benzoic ‘d

acid, fluorine-substititéd toiuicacd, fludtineSsubghtuted ’ napitRafcBcid®2*

andaembisationsthetenf al hdumetiied-as olmiraed in claim 1, wherein

said carboxylic acid solution comprises said carboxylic acid dissolved in

an organic solvent. 37 WO 2007/001240 PCT/SG2006/000183 12. A

inkethod ageliimed asclaidminashersinshidinorgdhic soleerdisasaid non-

panzRolar soieak13. A netoq aslaimagln daim 42, Bhereld s no o
polar solvent is an optionally halogen-substituted aliphatic’hydrocarbon
gelepheaifiom s grotprkosisting coftstrhight On bidrehed ehainctkaries; ing

ketongs,ethers and mixiures.thereof, 14, A methed as claimed in.claim o ..

12 wherein said alkane "has 1 to 6 carbon atoms, said ketone has 2 to 6
ARsinT'akdvssa cBRaTRR™ to 6 atoms. 15. A method as claimed in claim

11, wherei saidaorganicsolvend isia halpgen-substiyted.arganic SONVeNta
16. A method as claimed in claim 15, wherein the number of halogen

Bffind of §aifl HafoGeEs ftiftited SRddhi& ehient e the Fande s&eBRRDd
Barnuthergreupreansisting of 1ol t05,1t04,11t03,21t06, 3

15. A method as claimed in claim 11, wherein said

organic scolvent is a halogen-substituted organic solvent.

16. A method as claimed in claim 15, wherein the number
of halogen atoms of said halogen-substituted organic
solvent 18 1in the range selected from the group
consisting of 1 to 6, 1 te 5, 1 to 4, 1 to 3, 2 to 6, 3
to 6 and 4 to 6.

17. A method as claimed in claim 15, wherein said

halogen is chlorine.

18. A method as claimed in claim 17, wherein the
chlorine-substituted organic solvent is selected from the
group consisting of chloroethane, chloropropane,
chlorobutane, chioropentans, chlorohexane and
cembinations thereof.

19. A method as claimed 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



to 6 and 4 to 6. 17. A method as claimed in claim 15, wherein said
whategenimichlorine. 18. A method as claimed in claim 17, wheremsthmos/600183

chlorine-substituted organic solvent is selected from the group consisting

of chloroethane, chloropropane, chlorobutane, chloropentane,

splarehexaggand compinations ‘iﬁEeOf'Blc?uﬁ]”be.t'ac}%astgamlggé@ 0.1M;
claim 1, wherein said carboxylic’acid solution has a’concéntration
zefeeted fOMY theogrdeprdorsisiing cinabalt GUG1M 16 AotOaEM1 B8O . 3M.

0 2007/QQ1240 PCTLSG /000183 about 0.03M to ab M .
%%wt%g.)O?M 0 é%dc?ut%é?SlMEZ‘Q%)%%%%.o%ﬂo %gu‘? 7|\$ an?ﬁ”g%%l%%mﬁ/?ld
teBBsHI®BM. 2D. AFMethcwas elahgedsipatainial, wherair saiel the step
&senditions of said exposing step (a) comprise the step of: (b) refluxing

said alumina film in said carboxylic acid solution at a temperature, '
pressuf® and Iffe BHEEveS Rlfbatstid Barbbikyie deid Wik Ayaxieoaflic

saitalungnafin.21. Avnethod asglaimed.in-glaim 20 whetein saids  t1me
carboxylic acid solution comprises carboxylic acid in an organic solvent
ShasHierdh & FERfngatep (B Comipiises tﬁ&é@p“@f?%bl%ﬁ#@aiﬁ% of
saldenmperatuise at ofabove the boiling point of the organic solvent. 22.

A method as claimed in claim 21, wherein said temperature in said
maintaining step (b1l) is selected

21. A method as claimed in claim 20, wherein said
carboxylic acid scluticn comprises carboxylic acid in an
organic solvent and wherein said refluxing step (b)
comprises the step of:

(bl) maintaining sald temperature at or above the

boiling point of the organic sclvent.

22. A method as claimed in claim 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 80°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 aboutr 100°C.

23. A method as claimed in claim 20, wherein =aid
refluxing step (b) comprises the step of:

{(bZ) 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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from the group consisting of: about 60C to about 100C; about 60C to
WaRekit’eu&Stvabout 60C to about 80C; about 60C to about 70CR@BHSGERBD 10183

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

23. A method as claimed in claim 20, wherein said refluxing step (b)

sepRiises thestep af(b2hiqliixing said pluminagfilm insgid-casboxylic-s o
acid solution for a time selected from the group consisting of. about 2
RBGisto AR 5Sours; about 3 hours to about 5 hours; about 4 hours to

alout HhoRes; BWRL0071@01:240 PLIT/SEROR/000183 fhevkdn  said

hours to about 4 hours; and about 2 hours to about 3 hours. 24. A method
L& EfRER T EfR 200 WHeteltPSHdF Tefi®iing Btep (b7 Rifdertaken in a

vacuum. 25. A method as claimed in claim 24, wherein said refluxing step

%tgg comprises tge gtep of: (b3) maintaining the_gauge pressure at 20 kPa |
abotit 186kB8%262A mEtHH S claithed @i 2%,%0m‘t5’?i§'r’?@%8fte?ald

step () they step=af: (¢))reoraming said treatedsalamin film from said
carboxylic.acid sojution. 27. A method as claimed in claim 15, comprising,
et SUETD), B B whing BA1d Fodted SR fim vith oL o
mprusolient. 28aA method as claimed in claim 16, comprising, after step

(d), the step of:

26. A method as claimed in claim 20, comprising, after

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 saild 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:

(£} forming an alumipium film on a substrate by
ma§netron sputtering of an aluminium target; and

(g} anodising said formed aluminium film to form

said alumina f£i1lm.
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(e) drying said treated alumina. 29. A method as claimed in claim 1,
WEARIBM8IRdd before step (a), the step of: (f) forming an aluminf§iE/$FR0H 40183

substrate by magnetron sputtering of an aluminium target; and (g)

anodising said formed aluminium film to form said alumina film. 40 WO

2007/001240 PCT/SG2006/000183 30. A method as claimed in claim 29,

comprising, after step (g) but before step (a), the step of: (i) immersing
38id alimitRtRfinBPartadd™ st Almehbads chdmedomBRifiny, after

wheseingpidialunypaofiim isamembrane32. & methad as claimed in

claim 1, wherein said exposing causes said alumina film to become
generally) hydiBPREBIENE3 S& Hietho 4Bl Haathid &n Htfinamimcid-
comprising the step of: (a) providing an alumina film comprising

hﬁdroxide; %21 providing an_ optionally halogen-substituted carboxylic acid,
olutioft, &5 ERBOsIAT safPaflifiting fiintt6'38td SoldtRAT GirderEordifola™na
ol neact saigd mydroxideguith 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
featedraluminantim okelaim: B4 forduse i a picronsystem. wherein said

expesing causes said alumina £1ilm to become generally

hydrophobic.

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

(a) providing an alumina film comprising hydroxide;

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

(¢} exposing said alumina film to said solution
undex- 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 f£ilm made by the method of claim
1. |

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

use in a micrco-system.

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

the purification of protein molecules.
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36. The use of the treated alumina film of claim 34, in the purification of
wornieinmmatecules. 41 WO 2007/001240 PCT/SG2006/000183 375 @& W006/000183
alumina film having carboxylate groups bonded to the surface of said film.
38. An alumina film as claimed in claim 37, wherein said carboxylate
roups_are substjtuted with halogen atoms. 39. An alumina film as
el SLFR 382w hardin i RlogerROIGITHES 48 AHRRIRARIRA €0
as claimeddaclaynh 5 dhefeithe amount of said carboxylate groups
bonded to the surface of said film render said surface generally
hydrophobic. 42

38. An alumina film as claimed in claim 37, wherein said

carboxylate groups are substituted with halcgen atoms.

39. An alumina film as claimed in claim 38, wherein

said halogen 1s fluorine.
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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