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- 1 - METALOXI DE/ HYDROXI DEMATERI ALS Fi el d of the
I nvention The present invention relates generally to

woredalo44as de/ hydr oxi de materi al havi ng cocont i PCDAB2004/001523

architecture. More particularly, the present invention
is directed to a netal oxide/ hydroxide or a conposite
nmet al oxi de/ hydroxi de material having a surface which
has been nodified to have co-cpntinuous architecture.
The co-continuous architecture of the netal

oxi de/ hydr oxi de or conposite material permts or

ot herw se faci/l I.bi I|t of the surface of
the materi al t%té%&emm MATEREALS
accessi ble, i.e. cocontinuous, nature of the surface
of the materials of the invention allows the materials
dipd't entipnappl i cati ons where hi gh surface area
net al oxi de/ hydroxide naterials are required. The
processes for generating such high surface areas in
THeepreBérRtr inddr@iodf reldi® PERSARL td My&at bﬁﬂe/ﬂké&xﬁﬁnﬁlﬁ&hh}/ having co-
provi des useful nesoporosity characteristics which
cRateuqus architcetugg.  Mpro aartidarkyp phe @msﬁlﬁriﬁV%ﬁ@lnelS directed to a metal

e Y

tﬁéﬁﬁﬁﬂﬁﬂd:mwe]mvb@b draiinleis Useldtcamirs all"ﬁé yoicontifi@us architecture of the
/gnthe renmoval of NO and HC in ener%y,,
?aﬂe??ag? Firgride OF Gpmgesitergtorzlprsmels joF ofirewise dailitaiesrccessibility

a%@focfhE %ﬁteﬂﬁl i ahh&t%gp %ﬁ@i}élﬁﬁ‘en‘?f ?b@ GLEQd®%, ie. co-

fue in water treatnent exanple in

om-:ttlmuods; hatwztafche swfacermf\ize mamralscofcﬂhe imveatios pHowe she materials to
I ruses, | s and ot

bggﬁ% g” agpﬁ\ﬁkcatlﬁ)% g/gﬁrga]a%ép B AL é%eteﬁsgggﬂe/ggdrpﬁléie materials are

rBQITRMA! TRE piRkses 'f@fngerfefa‘ifﬁgsﬁicldtﬂlgm%urfé&re ABad ﬁﬂﬁie%ﬁ&rlals of the
for netal oxide nano&/l;tl cl"e preparation. The present

Hresehinventiduglsthgeneplbyvirdeisles nsnfelsme@pbmsng @henaattenstgcs which make
tal .oxidel. h%dr oxi,de and co

h
t g{ﬁél% %V%og%a%? ?ngl\%her%ﬁlgsqq%? tgle?)ﬁge/ﬁydromde materials are

r8iatddC aThe Rietad WkileAs dtdX@EEe maskals' @Idthb Qrédefl Bivention may be used as
Background of the |Invention Reference to any prior art

cetplyste fopexample 4nithe removaltof BRe NRoand Hedt inpenergy egeneration and

st?c%?%é}”foiwé‘:&ﬁq:ﬁleeﬁg A rBEhtl&{b}é Euﬁ ﬁ{g&fc m%x‘dfi&%s&‘ R B3 reparation of

prior a or s
electrodes and fuel cells, in water treatment, for example in water filtration to remove

organic chemical species, bacteria, viruses, heavy metals and other contaminants, in
separation processes, such as the removal of metal ions from solutions, or as templates for
metal oxide nanoparticle preparation. The present invention further provides processes for
generating these metal oxide/hydroxide and composite metal oxide/hydroxide materials,

and their use in applications such as those referred to above.

Background of the Invention

Reference to any prior art in the specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that this prior art forms part of the common

general knowledge in Australia or in any other country.
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general know edge in Australia or in any other
country.- 2 - Bibliographic details of the

w@oivsioerass ons referred to in this specificati OPCEHAB2004/001523

collected at the end of the description. Mesoporous
nmet al oxi de/ hydr oxi de and conposite netal
oxi de/ hydroxi de materials, such as activated
carbon/ netal oxi de conposites,2activated carbon/ netal
hydr oxi de and nesoporous silical/netal oxide materials,
have a nunber of uses ranging fromwater treatnment and

for .chem
Rl Ae Re P G TR PR AR R iR i YT @ on g oqocted at the
egdnétietdescrigtivgh. st or age appl i cations, such as in the
producti on of supercapacitors and the preparation of
el ectrodes, such as those used in fuel cells. Various
MEIRSfb%s '?ﬁé{ﬁ @S&%ﬁﬁéﬁﬂé beg cbﬂp&ﬁﬁ: ﬂEﬂaPBxﬂ%ﬁ §R%ide materials, such
maki ng and usin ese materia however 2ee
apr aveteds calrben:{memlt emdcncqupcmuesgn attovatdie csﬂrohaneztalamaromde and

ht f b hi d. The .
BEhaiEbP O Bim T SoF o HEER, BR= a1 Liesoitnaive from water

treatn@dnt ahd sdpavdtiofd PIB@ERE 't&caﬁ&l?ﬁ@ K c?émflééi réé%@oﬂsrbrtt&ﬁc gas removal,
treatment of water has been described by Qiviera,

apgithroggh 4o -engigy genevatibie And/ storagerappliFatinmiss suchoaseinDhe production of

<Rdppincys FA8 W oGl o s im e cots.

suspensi on of activated carbon in a solution of and at
Ievate terrperaturefollovved by treatnment with a
aé’P&% days.bepnidgsasibed g herpiior sttdprmpkingend esinathese materials,

hBGRder! e 1%&80(%5&%& Iil?ﬂlteaqh %Ihﬁgﬁ toothg s%Ffa&‘é‘LJ%X ‘ii)r ? egﬁa of material

to precipitate the magnetic

whagiheam beeachiBlved.e oxi des wer e then obt ai ned and dri ed
in an oven to produce conposite materials having
surface areas, as determ ned by BET, of 658 m/g. Wen

The eprod & RX bf &oioSitd aktiVaS QﬁﬁBﬁflﬁ)‘ﬁ b dE hﬁat%gﬁﬁnﬁfvlﬁ’é magnetic

the activated carbon the surface area t al ne
pmﬂeytlesafomu,s@ in Prer ecativefuddsiatet_hassbekn; de@rmlmdloby Diveera, Luiz C. A.;

R Kahel O i EREGR 0 B i oty s D80 Rosh@M. Carbon

4029022188 s2000e THE phsRPRIRLIA e RRPSHHNNEMBEITReP¥arbon in a
subj ect i ng goethite to thermal decomnposition using

S%lﬁ@l@ ghtekdt and FeliQwat elevategsiempertiirp fellewedrhie tysatnrams with a large
eQ@eg?ki YRy ﬁlqllég tthehsqgicﬁ‘lo{n%%csfﬁf Fe&d to give a neutral solution) of sodium

hydroxide to precipitate the magnetic ion oxides, magnetite and maghemite. These oxides
were then obtained and dried in an oven to produce composite materials having surface
areas, as determined by BET, of 658 m%g. When the iron oxide material was prepared in

the absence of the activated carbon the surface area obtained was only 66 m*/g.

Perez-Maqueda, Luis A.; Criado, Jose Manuel; Real, Concepcion; Balek, Vladimir; Subrt,
Jan. Journal of the European Ceramic Society, 22:2277-2281 (2002) describe the
preparation of porous hematite by subjecting goethite to thermal decomposition using
constant rate thermal analysis equipment. The porous hematite product had a low surface

area, with 85 m*/g being the maximum achieved.
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area, with m/g being the maxi num achi eved.- 3 -
Schwi ckardi, Manfred; Jaohann, Thorsten; Schm dt,

woeiobpangs Schuth, Ferdi, Chem Mter. 74:3913PGPAB2004/001523

(2002) describe the preparation of high surface area
oxi des using activated carbon. These materials were
prepared by conbining activated carbon with netal
nitrates and subjecting the mixture to calcination at
hi gh tenperature for a short period of tinme. Wen
using the calcination was perfornmed at 450 C for 1

: e all ;Qul hi d .
REickaldl” NETed b RS, M0 KRB0 GghGulE S erci, Chem
Maier.H54:3913V8919 (400Q) Weseribé. il grepftatiGin @i higl edsfadéearbin@xides using
Carbon 7:1079-1085 (2003) descri be ﬁahe cat.al ytic, .
gelivgidicathonnoThee mederials swste i pPREEh OF ofPmrbinwiggativatsd rgrbon with
6l HAbeRd LR %EEGEH%RH@ Bﬁgtufgeg@l:alé’iﬁhﬁj&? at E@‘ﬁsém erafure for a short
materials were prepdred by 1 npregnating pr -tregte
reciod wé tioce. cWihbo msimg the(N@}); Wit dalcauptieousassprforimed at 450°C for 1 hour.

itrite salts follqwed stirri and heating.to.
Picvhish Sudie' Gee o Fai e ehievre o i el fia, Bisspute was 123
@%yg,bon was then dried followed by cal cination at high

tenperature (500 C) for 4 hours. For the best surface
area achieved for the conposite material was 897 m/qg.

TG TR VA RGETh Ll ToRRRL RYRal R, Lhroon 411079-108
@09 edortoeane caalyfi6 ré&8dval LSO5,ING and HTIEESL $nci¥ration flue gas using
preparing various netal oxide, netal and conposite

aeiiveed SEROMSHERPTICHVBFGlotigRs. cbhser tatsrisls WeramPnagocbly iepregnating
ﬂrg-t%afgﬁta%{iv&ga Qitdf hefid WiRAqhdus sBRaL ﬁf nitritei salts followed by
carbonaceous product conpri Si na el'ements of netal,

sixyne andahehtinigl toremeve miostsofthe tiguid. i Bhet ingregrraeeslt ativated carbon was

eL A R d o sl Trdiinion bichd meearatsobas) fr disgrse For FesOs the
RREsMALY Grea labhibPedfog @e d DB RBL PwRE @%HP%@ THR th4}€rial also had

specification that the surface areas achieve

altot imesopgraus obimy otBeE¥smidg.e very low. Oh et al. in
W01/ 89991 descri be the preparation of nesoporous
carbon material, carbon/netal oxide conposite

@ﬁhgfdlﬁhq{@{%j (61 Tak e NIE 6348 AFP akidt 986,88 BPadseHbds Pridtesses for
them No surface area data Is provided for the netal

PRpamgcEnions et oxidee pictal end composite materials which involve the exposure
of graphite oxide to a metal chloride to form an intermediate carbonaceous product

comprising elements of metal, oxygen and chlorine. This product is then treated to remove
the chlorine and/or the carbon. This latter treatment involves heating to temperatures of
250°C and above. It is clear from the data presented in the specification that the surface

areas achieved utilising these processes were very low.

Oh et al. in WO01/89991 describe the preparation of mesoporous carbon material,
carbon/metal oxide composite materials and electrochemical capacitors prepared from

them. No surface area data is provided for the metal oxide containing materials.

In the present invention new metal oxide/hydroxide and metal oxide/hydroxide composite

materials have been identified which have high surface areas and/or high mesoporous
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In the present invention new netal oxide/hydroxide and
nmet al oxi de/ hydr oxi de conposite materials have been

wo desvifieed whi ch have hi gh surface areas and/pCT/AU04/001523

nmesoporous- 4 - areas, nmaking them particularly useful

in a nunber of inportant applications. Methods of

generating these materials have al so been identified

whi ch nmay be perforned using ifexpensive naterials and
relatively | ow tenperatures conpared to the prior art
processes. These processes may be used to produce
ﬂ@&sa}naﬁiﬁgqga{l g&q{cﬁﬁhﬁqﬁeﬁpﬂl Qﬁﬁrﬂ{)ero i ?optmra%ﬂigﬁions. Methods of
conposite naterials having nore surface area

geaoatating dhissewinbierihseh®xt elso dleer ndentifiedewhichhanypbé @erformed using
.art materials, Such g state is referred to herein as

WENCRHYS Matnials ang FRleHy Sy dew (emaPqrayERs 1ooBPanady to hp Biier art processes.
. el . Y .

e BRESAL oAby 0820016, IS, WUER JAMRNA®Sna o

e/ valroxidé composith naateriade pvinge storanmirfacomped siongtiyous with the

w || be understood t.o inply the incl usign .of stated . "
e PuSeRRE phe ol o cralt o GUFS ST 18 plhEd thGerein as o
doen@ist usi on of any other integer or step or group of

I ntegers or steps. The present invention relates

generally to the generation of netal oxide hydroxide

ﬁ%gﬁ@q&i ltn@erﬁFoE al oxide hydroxide material wth
TO- itecture and other properties. In

particular, the present invention provides netal

oxi des hgﬁjroxi des and conposite netal_ oxide hydroxide )
Thepeghont gip specilicationcands the udaims avkigh tialley wnlefih Bieecontext requires

otht Hh@%ﬁl:‘c ?ﬂ?s%.",t tva&i@ﬁoﬂ%@ﬁ‘ 84 &gl %eéjﬂcantdh’%omgrising", will
surface of the naterial to an external environnment |
Heamidbistoatied imlyitke mohsmt dfrausitdtgd msagegensembt grobp of integers or steps

achi eved throu a nultiplicity of pores,.or

O gl fhe prelusian 8&%}3’&%? m{%ﬁ%f ¥ 6%@5‘”6 OYPSH dpessrs R steps.
structures may exi st singly or each porous regi on may
conprise nultiple pores or porous-like structures, _
Thespiesanb gnventian pelates tdeabdally o ghe gsneratginyef metdl aaxade hydroxide and
which. is continuous Wi th the external. environment.
PO St PR Rt et cw i ighl TR Ae and other
IﬁB%’érﬁ@éﬁ MR tpattiouar, € BRBENtNMVENIon! Felldes ah&8l 6RIAEAGYdroxides and
with the materials during chem cal and el ectrochem cal

qomposiis metah ayide hydegradampishala heviag serqentiawous architecture, where "co-
0%91811150%@; 2085 “that the accessibility of the surface of the material to an external

environment is facilitated. This co-continuity can generally be achieved through a

multiplicity of pores or porous-like structures. The pores or porous-like structures may
exist singly or each porous region may comprise multiple pores or porous-like structures,
resulting in a potentially high extensive surface which is co-continuous with the external

environment.

The accessibility of the surface to the external environment (i.e. co-continuity) facilitates
contact with the materials during chemical and electrochemical processes and in separation

and adsorption applications.
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Accordingly, the present invention provides a netal
oxi de/ hydr oxi de or conposite netal oxide/hydroxide

wOoraiosnias conpri sing a surface nodified to facPCT/AER®4/001523

co-continuity to an external environnent. In a
preferred nmethod according to the invention the netal
oxi de/ hydroxi de material is prepared by treating a
netal salt with a base to precspitate netal
oxi de/ hydr oxi de foll owed by sol vent renoval under
conditions that generate material having a surface
Lhl.tat] L Ukl al . envi ronnment .
AREREBRS, IR ERRETN BB oo BT, B R S R Bmposite meral
axige/hgtrakidd yhtaial dembpeisimgtaaburtixk deodified t®diigagodoLedtitinuity to an
removal the solid residue is treated to renove any
P $RVIrNent. Accordi ngly the present invention
provi des a process for generating a netal
oxi de/ hydroxi de material with a surface nodified to
Ihaz pteferagdemethod aetondinigt tp the iaversiohetheahetelnvkidehpdrokide material is

FERREBLEY e oY st Vb AdHRE (5rEr DR el e ydroxide followed
olvent RMovaPuitlef ebmiifiGsahiBeRbra®ch ASHMMAY A% A&irfale facilitating co-

sai d aqueous nedi um renoving water fromthe aqueous
qeathw by aavexisnalt erironmept. ovihgecenditisning dfor eslvent rerapnhl may also

[ I t.h lid.resi;due to thereb . .
TR 4B R B30 b B Sk e RS i e st resa
is tiehtad € readive aegdrdshiubbgild i t ate co-continuity to an

external environnent. The term "netal oxide/hydroxide"
is to be understood to refer to a single nmetal oxide,

C o . Cndl hydr oxi .
ARUE 6L BN, R, Bsid0, 5 T N SblEnd o moul
axide/Inydioxde deerial withes safiee atodilfidd wrfacilitae tedcontituityetblan external
as. oxyhydr oxi des and m xt urfgﬁlt hetg of .. Whet her the

g GOPIPAISTESTIaNE Fmeigl $AlOYIE Pagsingan aqpappRicdim for a time
Y B CoondRioRS SUFAdiAHE eto"‘%}elcigﬁﬁfc?ﬁl_%?a'i ' Aﬂdéﬂ%ﬁ@ﬁd@ Nnt 884 aqueous
e I ch the

nature of the netal and t onditions to
mediain, sethoving dvatgrdiromi e agueousutnediote ly dvaporgtion to provide a solid

RUFRE" & ROpptihe it el R SR, B G raRF Y vpepprale Soid. meta

SENFhylrb¥idé aHameria Syithy stirfack Afodified e fA¥Rlitale . colkVMBYBTty to an external
some netal hydroxides readily convert to the

edyipe®pdindi ng oxi des in aqueous medium particularly
i f the aqueous

The term "metal oxide/hydroxide" is to be understood to refer to a single metal oxide, a
mixture of metal oxides, a single metal hydroxide, a mixture of metal hydroxides, mixture
of metal oxides and hydroxides of the same or different metal, as well as oxyhydroxides
and mixtures thereof. Whether the metal material is in the form of an oxide, hydroxide,
oxyhydroxide or mixture will necessarily depend on the nature of the metal and the
conditions to which the metal salt and hydroxide are subjected during preparation, or
following preparation. Reaction of the metal salt with the base in an aqueous medium will
generally form the hydroxide of the metal. However, some metal hydroxides readily
convert to the corresponding oxides in aqueous medium, particularly if the aqueous
medium is exposed to air. In some cases, there may be partial conversion to the oxide,

thereby providing a mixture of hydroxide and oxide. Where two metal salts are contacted
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mediumis exposed to air. In some cases, there may be
partial conversion to the oxide, thereby providing a

worRoosis40f hydroxi de and oxi de. Where two netBCT/aEDRG03/001523

are contacted- 6 - with base to form hydroxi des of
both netals, one hydroxide may be readily converted to
the oxide, while the other may remain as the
hydr oxi de. Further, the hydroxgdes of sone netals,
such as Fe and Ti, readily convert to their
correspondi ng oxides in the aqueous nedi um during the
[ tep. [ uc ' .
VRLERRC0 B0 B e} BT el BRE mudidflaeiabe Rty converted t0

thobxelspahile (g dilemat tmain hethedtydBoxidet Bhrther, the hydroxides of some
oxi de/ hydr oxi de_conposite", "metal, oxide/hgdronge,
%?}ﬁlﬁoélic)?{’easrr%? énd direadily G‘E%Yﬁﬁdgitﬁ%‘r wefrggponding oxides in the aqueous

66/ B0 jal., a er, . .
B U BB BIEPh e P AR S0PSF NOH, require harsh
cooditionaittb oenaet borvessidis to dhe coaespanding hpdrexslebslhat terms "metal
mat erial .may be a supstrate having a surface nodified, .
%5%ﬁ?¥15§€%m%ﬂ%nmeﬁ%}iWﬁ?@%wg@%@?lﬂ%qﬂe matetial a5 "composite
BRI TR droB@ MRbkR8al0f aRUEY BUDRdEAIRITRS eFdf@ o such a metal
i ncl ude activated carbon including activated cloth

waddfaydroxide optarielitn einthivationwithah substiateuatariald Tyis substrate material

unstruct yred nt heti ¢ pol I terial nat ur.al.

tp 56 14 iR ek 4 sSusBR Relobghei ity o ifity (o an external
diRir6himants , ERiMples fAuth setRtiaiSnatialsSemda icEVate® c@bSn including
and gels, self assenbled structures, such as

astivatad todoth gaybnns apesePereYd fHisse Mmetalbasiagtured oF j wisuctured synthetic

} . < .

BRSO 5 B0 LB LA APt o

tg,@l lphm é}f&;ftﬂﬁn%mﬂlch egr gﬁﬁls’fbnfsoaimsgglﬁmsdf dssaniied ntiuctures, such as
i ol ogi ca . deposi ted organjc and_ i norganic .

saptariaRly fs@&o)ﬁscueﬂﬁsqa%w%ﬁSaW&%@k@a&r@iS» {Htlo s drogous fabries and fibres,

Cdi : i ! . .
sl Sty 5 e, MUSCIGT AR5 R ISP oum nd
inbtghnia feam$,avetainfoding iaedl bicdodicallyl dapasitedcmgamaand inarganiostructures,

an, exter nal vi ronnent and a netal oxide/ hydroxide
ek & 310 kel S bound wi t hi n or of her wi S

associated with said substrate such that the conposite
mat erial maintains co-continuity to an external ) )
Aerpirdioglyethe presentainyertiosr proyides acesepaste srelalneridehydrexide material

c‘iﬁ@{pgfs%niﬁog isslglsglra e;\g?r{gg?s%iyﬁaﬁ?e &%ﬁ?&é‘ﬁd ﬁegﬂ#g regcf(cj-go%tinuity to an external
cawirdahbiidindxd shetatrekidehadirokitethgtenslescied ©f béund within or otherwise
associated with said substrate such that the composite material maintains co-continuity to

an external environment,

In a preferred process according to the invention such composite metal oxide/hydroxide
material is prepared by precipitating metal oxide/hydroxide material in the presence of a
substrate with a surface modified to facilitate co-continuity to an external environment.
Such a substrate may be a metal oxide hydroxide or composite metal oxide hydroxide
material prepared according to the invention, or may be a mesoporous substrate, such as

activated carbon or mesoporous silica or the like as described above.
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substrate with a surface nodified to facilitate
co-continuity to an external environnent. Such a

wGeamshiase nay be a netal oxide hydroxi de or cPOPAabR10e/001523

net al oxi de hydroxide nmaterial prepared according to
the invention, or may be a nmesoporous substrate, such
as activated carbon or nesoporous silica or the like
as described above.- 7 - Accargingly the present

i nvention provides a process for generating a
conposi te netal oxide/hydroxide material with a

urf ac difi edtofaC|I|t t to an .
RULIARy "B o e R VRS o RoRaR h ehdtatily 8 dgmposite metal
oMidehhy@ir®a8€ niaferal wiiUeQitsciadidifid to fubititald eseasemiy ta an external
substrate with a surface nDdlfled to facilitate
%H@@H?mrﬁﬂmﬂﬂsﬂféﬂ ueateremetl salhiibAhest it 8 aguequsgnedium in the

ﬂfeg sﬁeﬁ%té WS, SUblch Gh&itied B RIASHR éo%cﬁltl'ﬁﬁftfllto an external
OXI I oxl renoving water fromthe aqueous
ameﬂommmtty fevaponmte omd ourpdeov cuhah‘aomsol smfﬁcle]su doe mécipitate metal

OXI 3e hydr oxi de a{ta ed to, i thin or,
SQIEBOVREHAG RS F&qg‘i%‘étf? 11ém hEVAPSFROR i Provide a
s%ﬁlitreécldi&”bit Jﬁ%ta? Bkidd 1 g@?dx@déeat{a@héd‘ﬁ‘)r %@Mn(g WE@BFO&@%VQSG associated
onposi te netal oxidé/hydroxide material wth surface
mﬂnhsaldesjlbsmaté,aamd r¢nyovdng calhtfiomuithey solid aesidiet tor theteby generate said

enV|r nmen i on. of t

SR e e el FErRIRRr bdh riSh e op G ey co-continuity
th B rndTev b SR erdtO WEFor tlfr’eﬂyre?'ﬁ'ﬁ n BY teaxétdPotiBe/APdrokide material
oxi de. Detail ed Description o he Preferred

therpendlitienstior stieens F@%@ﬁf mapabsacpaYert anypnelgl kydrexide fp metal oxide.
part on the generation of netal oxide/hydroxide and

conposite netal oxide/ hydroxide materials with

DetatelDegaription af thbiPrefetred Embdodinehtyer properties. These

mat eri al s have extensive surface regions freely

accessible i.e. cocontinuous to the externa
"ﬁﬂav}% E&ﬁ?ﬁ%nﬁ(ﬁ?fsﬁ{r aﬁali]teon st fl&ﬁ{lo@ Bf" fn%%i‘ BRfE/hydroxide and
n 'S cont ext surrou I ng sol vent

®aipobite meial okideﬂlyﬂroqldedmagmla s whucmcmtlrglasecms}ntecture and other

envi r.on t n exa ent.i ti es ,capabl .
BPPRHERT [ ThssE A Rials By oSleot & MR, FHiohs PReYatiipinile, ie. co-
%tlhﬁkﬁls%ttﬁé bﬁﬂema?én@%ﬁﬁhﬂ ng or donating el ect rons

fromand to the surface of the material. A solvent is

any |i qw d phase in which reactants are dissol ved,

RUBRARLES B SRRl e e e sotven
PNtonCorObther liquid, gel, vacuum or gaseous environment comprising, for example,
entities capable of reacting or interacting or binding with the surface of the material, or

accepting or donating electrons from and to the surface of the material.

A solvent is any liquid phase in which reactants are dissolved, suspended or dispersed in
the liquid medium. Solvents include, but are not limited to, polar or non-polar, protic or
aprotic solvents such as hydrocarbons (e.g. petroleum ethers, benzene, toluene, hexane,
cyclohexane), chlorinated solvents (e.g. dichloromethane, carbon tetrachloride) and other
halogenated solvents including fluorinated or brominated solvents, dialkyl ethers (e.g.
diethylether, tetrahydrofuran), alcohols (e.g. methanol, ethanol, propanol and butanol),

acetonitrile, ethylacetate and aqueous media, including buffer solutions or water alone.
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aprotic solvents such as hydrocarbons (e.g. petrol eum
et hers, benzene, toluene, hexane, cycl ohexane),

w@ehdosni4as ed sol vents (e.g. dichloromethane, cBCDAN2004/001523

tetrachl oride) and ot her hal ogenated sol vents

i ncluding fiuorinated or brom nated sol vents, dialkyl
ethers (e.g. diethylether, tetrahydrofuran), alcohols
(e.g. nmethanol, ethanol, propagpol and butanol),
acetonitrile, ethylacetate and aqueous nedi a,

i ncluding buffer solutions or water alone.- 8 - The
ﬁ%l MR 1%3%/ ﬁa%g a%&v@nﬁ%} nt m xture. The external
environnen al’'so 1nc & ot her liquid

envi ronnent s, such as raw water, for exanple fron1a

river, reserv0|r or the ke, | str wast e wat
Hhsspiterap! RisoRmGRiBaY alge ﬁ%ﬁde&tﬂﬁgt%um‘emn&ents Such s raw water,

PQQ ple@kroBf QGHRE, WRLRbr e QY ISTRYAl Al BBtR! BSipital waste
bres 0 & 3

materials that have been ufilised in I ndustria
\mtelt; ebmsﬁc Waste| wafen dr rmiueinlahpro(cess wete). ddwel liquad smybalso be other

i Rl Rarere b Mlised i inaIst Rl SagRadsnghe vt mbaterial or gel)

QU 4199 BERL dRYoBIS QOIQﬁo@ USHRISIAOHS 18Iy 98 BBIN thatteHC BagRitor or the
an inert gas, for exanple, a nitrogen atnosphere or

lidier | exhaust gas, conbustion engine or industrial
process gas, vapours, or the like, biologically
generated gases fromindustrial fermentation processes

Phe sevagieefiirogiial eayeRd bed dasnk Rhaibmandsihi a‘sBzirSmert gas, for
such as nethane etc. The netal  oxides hydrOX| des and

qRaEple, G NHEO28Y) RIBRFRISTE GG | b #9451 SPEDUHIHr BRaHP ©f industrial
é‘%‘gﬁsg 'Eggs; Szgj{)%drgﬁ? f{(ﬂlga ?5?(% é@aﬂyggetngﬁtgdo psufroﬁ‘ﬁﬁﬁﬁs?ﬁal fermentation

ScS es
Pretessdskar, sewagy @8 exhalbd/emittpidciadh yplaepasd tethadgmpkkxas CO,, methane
structures, such as diatom skeletal materials. The
@fape of the material may be dictated by the apparatus
used to manufacture the material, or the generated
materials may be subjected to treat ments which alter
‘Blie mefal nmdsﬂwhphoxldbs awl mgtafjexide éydmmdemmp@h@matﬁﬂ'latsw@cordmg to

be di e of, the su at
(RRusEre inERiPR RoY s o8 TP Ol DPg a0 e e af SO s dises,
é’%ﬁlﬁéd ebworkarwéafdd af bioladiedS depdsitddaqpsplat Gtrﬁd”t@‘éQ such as diatom
at énhance the activity of ‘the material for it
sketetal deaterinls.pdde. shape of the material may be dictated by the apparatus used to
manufacture the material, or the generated materials may be subjected to treatments which
alter or refine shape following generation. The shape of the material may be dictated by
the shape of the substrate material used in the case of the composite metal oxide materials.
Particularly preferred shapes are those that enhance the activity of the material for its

intended purpose.

The metal salts which are hydrolysed with base to produce the metal oxides/hydroxides
may be any water soluble metal salt that is capable of being converted to an insoluble
oxide/hydroxide by treatment with base. Depending on the nature of the oxide hydroxide
material desired, mixtures of salts may be used, including mixtures of salts of different
metals. This may produce mixed metal oxide/hydroxide materials. Examples of suitable

metal salts include the halides (e.g. chlorides, fluorides, bromides and iodides), acetyl



10

15

20

25

30

The netal salts which are hydrolysed with base to
produce the netal oxides/hydroxi des nay be any water

w@oloahbka4sret al salt that is capabl e of bei ng cPt/ap2m®e001523

to an insol ubl e oxi de/ hydroxide by treatnment with
base. Depending on the nature of the oxide hydroxide
materi al desired, m xtures of salts nmay be used,
including mxtures of salts ofgdifferent netals. This
may produce m xed netal oxide/hydroxide materi al s.
Exanpl es of suitable netal salts include the halides
hl m nd es
a(:@togatleg ﬂﬁﬂ %%t o%!élpﬁétésdsurptrﬁt%%esﬁﬁﬁe a*a%%eg );arbldes silanes,

ailkd)d’yaila&ﬁs, and racetawes oy &ansdﬁ@n m&alb (diBB).ck)Slelle'iﬁ@ﬁs such as titanium,
al koxysi | an& , and acet at ef of transition metal
EOBIUBE kYanef ¥R nitls by, htagtalym,: shiogHymy jmelyhdenpm, manganese, iron,

MARARIN M obAft Ok dH#im ! &idifnU rchl&:E,a Fitme?,r £ o}?& y Qﬁlllg n I‘lﬁgﬁxcuﬁ]y cadmium,

manganeése, |ron, ruthenium co
thigskan, 1an§1alnumrand @opb ef tramsithan mﬂBl’S(([ﬁ-b!QCkh:Hdﬂhfe llnnthanmd series such as

t ungst en ant hanym and gol d, .of transjti.on als . .
ceUBy SERsodA e Ao Ranery 0d fhe. el B el siff Gyfantum, thorium,
RpamAGHY plutdhiah darfdie 9RAXAL MM, BNWell B SCEIVMUIKI el | @Sments such as
such as uranium thorium ng(ﬁt uni um pl ut oni um and

bemdHiua gﬁvluals Stxemtlur@,sbasmm oediurme cesiur) mmsmmd p-block metal
B A oA AR AL R, RS g5 Bermani,

1ﬁﬂlluﬁ’i Rhd ell@igeni Othdri suitatRl et salitk Siftlube tﬁﬁsﬁel gemyrising halogen
germanium indiumand tellurium_ Oher suitable netal

@@%@nﬁ frchae trpgate andmodats), igetakprch BAnGhiem meta oxapens (such as
ré)a%lte AtQ dﬁ{de)arseﬁgtleﬁ atnang g{:laﬁﬁn% Bérﬁ&d{'e}lﬂh alkoxides and
oxoa ons a an

as pernanga r oma
cmrlxﬁny&tt@) (e@n dthoxiganiat:etabee and paknitaesd.h [mbdmozicdes imey be necessary

boxyl at es hoxi des, acetates and e
%akrvqﬂef‘laaaﬁéq ProF SR eIt aBses it a3 Sﬁga@e&és%walopmdaﬂon state for
aohy bk BN €&or &xaf #ﬁe ﬁ\@an%hﬁéé@ (1) EMlofide may benefit from

swta e or optional oxidation state for
asidatiohyidn ex jodtalifing aednit snch E:opemmgma@e Mapgamlsdo (form Manganese

@giﬁ?ec&eﬁ@ﬁlo 2k %%g?@g %g ? lq‘%’Lyt fléﬂﬁo% HeSla%enefit from

MaddRAas %(IVYbefé&Eﬁ ic@S foti RS okideMiddbtideN Pab@si@arly preferred salts for
treatment. Simlarly Ti(Ill) chloride can benefit

wredening an p@lda;.n(atqr}alsg@nedh@se. af Fean stdyas Fe(BI) nitrate, chflonde chlorate,
581?(% ?e[ p\él%illf&gétg emtrlt §11 % aI:SAr te porreﬂh%%él %ge Sﬂetf%e‘éc? gasltgcfﬁr producing

UCI ron oxi érla S are ose o

t@anibsy( cb}hcﬂé mﬁtehﬁﬁhﬁclu@dﬂh@ﬁe ofT 1(HD|506}ah§T1CSH|amBalﬁ@e of Ti(IV) such as
erchlorate, nitrite, silicate, borate_ or phosphat
. and grelerzad; salts Sor ng@w:@gg Ny oxide and hydroxide materials 1nclude those of

Ni(II) such as NiCl,, NiSO4 and Ni(NOs),.

The use of mixed or doped materials is also contemplated, where the mixing/doping of
additional metals, metal salts, complexes or other chemical species (including biological
species e.g. proteins, DNA) confers desirable properties such as fluorescence,
electroluminescence, magnetism, semi-conductivity or biological activity on the final

material.
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titani umoxide materials include those of Ti(Il1l) such
as and those of Ti(IV) such as TiCU, and preferred

W@ 2005044448 produci ng Ni oxi de and hydr oxi de naPEr/AER®4/001523

i nclude those of N (Il) such as NN , N SO and N (NO
) . The use of m xed or doped materials is also

cont enpl at ed, where the m xi ng/ dopi ng of additiona
netals, metal salts, conplexeq0er other chem ca

speci es (including biological species e.g. proteins,
DNA) confers desirable properties such as

resgenge: el .ec i pe eti. . .
L e of £ bOE) £oRaRRGe  HRA AR hydropide, ateril the
predipitatain. of tHdmetal\bgide/hiydrokRlede:si becbridactpd delthegresence of a substrate

[of osite net oxi de/ hydroxi de material th )

i ismflf‘%ﬁ mﬁﬁjl&fi to FRPiliBIeafo-eARTEIA R %fm@?aiﬁpws@ment Examples
rials inclid catbort: s Ssilica’ e like as described

SFORPHGhE iglefha PLERGN fbo? RERPLIR Silfdal br

surface no I e Itate co-continuity to an
abpverarainetah vkidohyduoride oravopipesito inegal oixidedltysiroxitls materials prepared
i ncl.ude tivated carbon, nesoporous,silica.or th . .
Prgio IS I PRER. JRGUET o PeREEA SRV sPpAr engiel gride/mydroxide
1BRERLShE e salk aRKild (BN FEOMaf Be BBMBIHaliS a RLRAM Bffio in an aqueous
according to the invention. In order to.?repare a

nsedivmibinethe awgrense of adns. dhe daihgaleassd vl Wapandi en thenpature of the
sglglgt {}1 ?1241 ttheaEHSIOl{nE %g %yeg%horx &eetor@eyink?r%dﬁ(%ﬁgh{e&etgng Iecgrenﬁgséiteol;rnaterial. It

ratio | eous nediumin

willb#lse depig ohathé atosdt e@ligd ofithd meepesid The hirgalsalki whé the substrate
of  the substrate and the amount of netal oxide to be
wikk ggwiallygbs pemabingd i 8 eight: Blipwfdiem ) 1:194 ang 190:4y mgre preferably

ﬁ&ﬂ%@lsgrl:%b,elg@%eﬁ%pefer@ % 96:1 ttP%:f@?t ?J)]i fi{&%)eniﬁjafe a ratio of from

nmet al t an su rate wll genera
Tonbilned prefeaableiadventagadusn Bbr theqrefardtth afhnick€lGzldctrodes a weight

mpre preferably fr 50:1 to 1:50, mor ref.er abl .

R0 0F 15 SPHEL 169 TRcsar g 1 k14 PERBAaT Seifbiiof Lot gfgpia, lower
ratids fn@y%b%réﬁraﬁfe?f&re%%%ﬁleaﬂvtﬁé‘?ﬁ@@ Q1076 1:10€ carbon to metal. The
preparati on of nickel electrodes a weight ratio of
sradhambenitoficathoncean: drlesar the ditanda fetmlexiest that thecalisarpitipn of visible

suitable. For.titania, |ower ratio y. be. pref.erahble,. . .
e S Sbefare PR e e iR B ik ERRRAgn Sasivie tght
ARkabn siilled Sk hrt2BBMHetnitAhe optitalvatia fde@partiilar application.
titania to an extent that the absorption of visible

light is increased, which may increase the _

BRORRR B oA Hehedl bATRRALPLE LN b o e
dgatows §alutien. pdihis fiahdie d@l bgdhfreducing a suitable base into the aqueous
medium. Preferably the base is an inorganic base, such as a strong inorganic base.
Examples of suitable strong inorganic base include sodium hydroxide, potassium
hydroxide and ammonium hydroxide. While the pH to which the aqueous medium is
adjusted will depend on the particular metal hydroxide/oxide to be formed, the pH is

generally adjusted to within a range of 7 to 11, more preferably 7.5 to 8.5.

The conversion of the metal salt to the metal oxide/hydroxide generally takes place very
quickly at room temperature, although it may be possible to increase the rate by applying
heat and by agitating or stirring the aqueous medium. In some cases heat and/or exposure

to air is necessary to convert the hydroxide to the oxide. In other cases, harsh conditions
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The netal salt is converted to the neta
oxi de/ hydr oxi de by increasing the pH of the aqueous

w@elaniams This may be done by introduci ng a seCT/abkm®4/001523

base into the aqueous nmedium Preferably the base is
an inorgani c base, such as a strong inorgani c base.
Exanpl es of suitable strong inorganic base include
sodi um hydr oxi de, potassi um hygr.oxi de and anmoni um
hydr oxi de. While the pH to which the aqueous nmediumis
adjusted will depend on the particular netal

| de/.oxi.de, t 9 faorne t . .S erally
B A et SRpER e, MRS 0 RE LR Y Prpsress of the
cbnberkion Sfhe feel GaN el bk dfbrxbrddiey testiag tiwambdium fonehe presence of
nmet al _oxi de/ hydr oxi de general |y takes, place very. )
raeiplcselty oy mesitetingihe fermatien ng/hems%@wté}t@- B prsgipitate will generally

Ba5SkH %eltiﬁ th@?&l%ﬁ? S(Blnﬁoﬂ.atﬁie ifHR ﬁinglgp]]ti%tll B defMhdant on the
agitating or strrring the aqueous nedium” In sone
maskesalseatd auttirates axpdsifle pd mby beschvserssangxitnise the amount of

convert the hydroxide.to the oxi.de. In other cases, . ...
R PR P 40Ty Le.athat cardifiPRy afg she ot B RHL g within the
PreifiRbar ddgt ][fé‘r tﬁ)(%@t)él. Fglsqut 06 e )ghaqeihe pHas ‘%éd‘cﬁfgreﬁfto bB8omewhere

conversion of the netal salt can be nonitore ] )
tteess tther gsa-hlectmedpoint f(mp) tdfether Enanesaidbfsurfeteal eithat thydorxide, oxide,
b nitoring the formati on of the pr.ecipitate, Th

SV BETBR: & S P ghitsr e pee A B GE Bp Yo "W formed by
ARG c SRl Bfbes. TG s@Ré baBesN Wherakhdakl tib IpH Pfues do not correlate it
dependant on the netal salts and substrates used. The

1p#Y haedsesashissewmpremisgbitivesa tharevapld watuesf Inngpgesoxhare the pH is too
1?{?’20%3% %l%%\?t\nh% gelragﬁ‘?rhe 'ag fa\Ioﬁ?i’J{o(aﬁgt%r{ &fgrg%é-lﬁgsﬁ)pt%ﬁogl? ptaﬂf%ies and/or, in

recipttatron e
goaieadasesth&phitictasy Foeetdngile fdrandiblsisact sxdLii andFetthe brount of base is
somewhere near_ the isop-electrjc point (iep) of

genpealy §bp§ea syeh thag the fmal pErof ke mssirsareaches gad staltoitl}(sees at pH 7.5-8.5.
lﬂlﬁésfl : b @raﬁgﬁ‘g%q %Eh%ﬁféﬂ&ﬁig&fée} QMY 8B a period of about 5

sion of t s for ectrostatic
mimfacdtef an additiohn Gonentesldsmse wher @) has be uywl ipHdrder to maximise

al ues, dp not .carrelate it e essary to . .
e e, SRl SRt IR T B BB bl i, 5. woing o
BB stifred QRopWide Font 2 Pigetie it koten hGAEdrhQR: BB th@YBUK reached, as
production’of non-nesoporous particles and/or, in some =
deagednednfiompa pHi pobs imMorsed uathsl Hirfing mistuae.s Typichllythe addition is

O S ARl PR G AFAE AL BB B Elact me and
Sndfionk $68 dapenddnih® patidulainnBRl sdisl afll albstriatey ube.

assumed when the pH no | onger changes for a period of
about 5

In an embodiment the invention provides a process for generating a metal oxide material
with a surface modified to facilitate co-continuity to an external environment comprising
treating a metal salt with base in an aqueous medium for a time and under conditions
sufficient to precipitate metal hydroxide in said aqueous medium, removing water from the
aqueous medium by evaporation under conditions that convert metal hydroxide to metal
oxides to provide a solid residue, and removing salt from the solid residue to thereby
generate said metal oxide material with surface modified to facilitate co-continuity to an

external environment,
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m nutes after an addition. Concentrated base (e.g. 6M
can be used in order to maxim se the speed of

w@e@siopidtat i on. Base is preferably added to a BCT/AD2084/001523

m xture (e.g. using a nagnetic stirrer) dropw se from

a pipette at roomtenperature until the pHis reached,

as determned froma pH probe immersed in the stirring

m xture. Typically the additigp.is conpleted wthin

approximately mnutes of initial addition, although

the exact tinme and conditions wll depend on the

articul a tal .salts. .and t . .

BRbblrE o e PRl BrS R AhERe 130t Bplh composite meta

SERE madtértd it haku@ded endWificR) it@l faollithte acsuotaifty to an external

nodified to facilitate co-continuity to an external |

AN PRBSIHEINMU S (1SHHE & meeiel st Witkebate 180 agieons paedium in the

. o : ; ti 1 ion

ok, BENCAUS P T Sfeoe thRARd do Mo IBAMALE™S an externa

easiremuentnfed iautime r andowidey coadidond sufificiene t@ gumipitterectital rhydroxide,

by evaporation under condic{,i ons that convert netal

IRPAVBE Wit Homeths)| 205U RCBM Y0 b ETao8 g dgr Fefiions, that convert

A ERIERMIND Aah ofiloOMm $Gids @lsbid F&RIEE nledalloRRletfMched to, bound

generate sald netal oxide material wth surface

witltii for ethetvaisé asbtinted vaticaidonbsirate) and remowimgealt éronuthe solid residue

environment.- 12 - |n.another .embodi.ent.. the. i nvent. on o

e Gosentas; iE campliBgRrar A AR b R sfiale PR faciliat

QAR R drdxtéthillen@irsmhémce nodified to facilitate

co-continuity to an external environnment conprising

treating a netal salt with base in an aqueous nedi um

i n_the presence..of su rate W h a_sur L

it areRief FRBEuRERF IR SRERRT rlidesna oL ES Fsp hprafifle @ meta

Hydkoxidd infaRerddl dwith ot sufasedinfodified ®ufddilitaento-tontinuity to an external

preci pitate netal %édr oxi de, renmmvi gg water fromthe )

eyire et ROFIDIITING resling dragttloalt yiles bassnapjagheous pugdium for a time
. X | | i S algle\VA .

R R R i S T

@emooingewites oasthecigated medihmsby dvapoksionatuaderacmhditions that do not

removing salt fromthe solid.residue to there .

G alaeemgf%l hyére SPHBEREPAAC B PH¥ideet éﬂﬁf@ﬂ?@ﬁ%&m removing salt

Aothf @e &olMAbiibed 14 ndralsy bbAcdhte GRr HRM I HYdidNdd Madtial with surface

external environnent. ['n"yet another enbodi ment the

mndified tofaciitge cdesntinyityde es sxteural gevitonmenhg a net al

hydroxi de material with a surface nodified to

facilitate co-continuity to an external

A further embodiment of the invention provides a process for generating a composite metal
hydroxide material with a surface modified to facilitate co-continuity to an external
environment comprising treating a metal salt with base in an aqueous medium in the
presence of a substrate with a surface modified to facilitate continuity to an external
environment for a time and under conditions sufficient to precipitate metal hydroxide,
removing water from the aqueous medium by evaporation under conditions that do not
convert the metal hydroxide to metal oxide to provide a solid residue of metal hydroxide
attached to, bound within or otherwise associated with said substrate, and removing salt
from the solid residue to thereby generate said composite metal hydroxide material with

surface modified to facilitate co-continuity to an external environment.
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environment conprising treating a netal salt with a
base in an aqueous nediumfor a tinme and under

w@endiotd4as sufficient to precipitate netal hyRPeDADUZI®4/001523

in said aqueous nedi um renoving water fromthe
aqueous nedi um by evaporati on under conditions that do
not convert the netal hydroxide to netal oxide to
provide a solid residue, and.rngnoving salt fromthe
solid residue to thereby generate said netal hydroxide
material with surface nodified to facilitate

-cont i.nui ty, to _an. er nal _envi nt.. A furth .
ARaaRRMR ot s PiriElE] QgL GROTE lse g s medium, the
WRBE i theN g oG kASirh €5 Feinavedly dVhitd diee DBiat rhéhodvfbi rétovering a
surface nodified to facilitate co-continuity to an i
rsaipitaied metali oxidadhsiodenbions AR RApPQE: SOMYIoR Travld) ingglve a filtration

.1 [ q | U, : e 0
e
mesvpbrosity yn tie @metabxkielefytroxidel orometahbxfdefhydraxideecamebsite material
under condjtjons sufficient to precipitate .netal ) .
mﬂffeo%t%?ci rfetﬁﬁwaﬁg FAPEPVed BRORHY %45&9 SvigarRArRign.  While not

A=A : djit;d t
AFRRQL BII5 o Sl 4 SO B o s
mediipaddheimeormientnatibmothi ahghdbe exipethtion progsem endipertspquential rise in
.Or. ot herw.s ssociated wth said substrate, and . .
PEiscRRG L B PO o reiertsPaLia IR b ML Ry hydroxide pariles
gRnaake fiferd Rhntr8adied AlrmMindhR¥ddAtedted SlebsdordMsthaterial. It is
surface nodified to facilitate co-continuity to an

okiewechhat dhe imadrtemamee -of1the originabreel eetviark ofirusture fyéa control of the
s%é@é%géﬁeaﬁgjgﬁéﬁ ﬁ*pl—?,f iggitcals;crg%f%flfx&aq@ésoxfhge Hlé@g#)%?@nsii‘c}g in the metal

he Wwat € he "aqueous ne

SeaNRRoxi inReridcthefebs| cofeibuddg fiothe esovginuityg of the material to an

preci pitated netal oxide/ hy1droxi de from ueo
P

n a us .
ageoel enviegieat i nbvpprations pY iheatatt Fpp theopfivrayy mdium can be

Ghlce rbéf' 9 ap]ﬂ%caﬁgﬁ‘ oPRER. TUMPE .aﬁir&%ﬂ’a[ ot Isheichatq slightl}é above, for

advant ageous soporosity in“the netal oxide/hydroxid

@{)anmbd fbmobJ0AE /1ty A0k i pteferablypatsiut @057, erd sulfficiant foe this purpose. If
oht ai ned i.f the water is renoved Lmarily or total . .

FRACATS dernd R BoGHIE LR BRe 0 SHIHG! b DBE=Hq 7 PE@! Byfrbxides which
%eﬁﬁi?{]}{eat id olRr REfr@V@erebhHdia kil e Ie RGRs8iblel 8en Sk ﬁle properties

e aqueous nedi um and their concentration throug oo
oththeereapltana thesnperooe asaterial by eddibiquenft sadl] tor figréher rincrease the ionic

ioni ¢ strength. hel p t etain the .netwerk struc '
st Bty HEbQlePed HROBE| BB G BpSHIDE ke nocds o
Be tha)k@i_i allﬁ Is@ﬂ tR@fhstintel Qf Md@Mucht @tCRNBe ditte cal bepdstimsntal to the
mat eri al . is

formation of the desired mesoporosity. Accordingly while doubling the concentration of
salt might be acceptable in some cases, a tenfold increase in salt concentration would be

expected to be detrimental in most cases.

The conditions during the removal of the water from the aqueous medium should be
selected such that the dried residue includes metal oxide/hydroxide or metal
oxide/hydroxide composite material that, following the removal of residual salt, has a high
degree of co-continuity to an external environment. An important measure of co-
continuity to an external environment is surface area. In the case of metal oxide/hydroxide

materials, including mixed metal oxide/hydroxide materials, the material may have a
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bel i eved that the maintenance of the original gel
network structure via control of the surface chem stry

W@ pids/044ams ¢ strengt h) causes the nesoporosity PCI/ALZ004/001523

nmet al oxi de/ hydroxi de material, thereby contributing
to the co-continuity of the material to an external
envi ronnent. Evaporation of the water fromthe aqueous
nmedi um can be enhanced by the1application of heat.
Tenper atures of about 100 C and slightly above, for
exanple from100 Cto H O C, preferably about 105 C,
S icie (O R ¥ f |.ges S]
e HeacS e by T S BAR e 10 Y E p ARG YrE8 tham 200
¥g ahofeyeferbtiegresdi thian 260 m¥e Ihebé case oficdmipotite materinls involving

corresponding oxides. It _is possihle fo._ nodify the
salgﬁﬁéﬁpwbschoﬁrqaﬁzé%a@% UETaERS %@3}3& rigusCiiige rﬁogcronspmty to external
e‘ﬁngﬁrh&ﬁs,gt%e gi;i/&laf surfict UFdal thd (E)l?a"tc?ﬁag il R hABhe watmedependent upon

st rengt renovi ng somne aqueous nedi .
the isorfadeoarer ayf cha tsivlostrateCatiksed e ebleweverp thet siltbage i aneas of the composite

T,
PTERERY Bhiel thahO0O hi?‘{ delore p‘%&‘éﬁbl?%‘téﬂﬁﬁhﬂ w0 m%/g.

concentration of salt m ght be aCceptable in sone
cases, a tenfold increase in salt concentration would

e expecte 0..be .detrinmental . in :
5 ST ChCuhRarRgoP R PERE, e rolREby BPR0% iRty of the prosent
iRokiRRU Sar 8 BE feibENBd shobiss EMVREdReEnBURBtetiBR tgehbrllgTiagd an average
resi due i ncludes netal oxide/hydroxide or netal

Roxe diap oy dioay kst drsosieanameisrse Aithpuabisr masbrRisAfigns hpore size of
i’écgrﬁ‘i"t% boQ: .2rt§ %P %Hﬁclmestgllstis m%?esde%irgﬂ)lg.h degree of

-continuit an external environnment. An inportant
nmeasure of cocontinuity to an external environnent is
surface are

T Beleh e ygionie ORGPt SRR Gadrlerals of the present
AR RIonAhsy gfsgslagéét_%el’gkﬁlmég@ orBaY Gred; as(l)gheasu%ﬁ HOaBIIRT 9A the case of

as neasure greater than 100 m/g, )
metel exalol matgrielat the mhsopoROB ared guaynbe @reaterfbaai0p m™/g, preferably

reater than 250 /9. In.t cas C osi te .
Fecier flansl 0 ZR el yn Sttty S thaf PR ET/d, ogiar the metal oxide
SIMPARE ATHIS HRANERpbAfak |ardaAdLmefsuenby BIHE dal be %reater than 500
ext'ernal environnents, the final surface area of the

mégepne&lramy breatsa than 898w/ sanyd megamefereblyigrester than 1000 m”/g,
surface area of the substrate utilised. However, the
surface area of the conposite material follow ng netal

ARbi&/byeation of thedwitosind eonveRionh & wcestsy of tirrhyddékide to the oxide
mgferial, it is necessary to remove any residual salt from the metal oxide or composite
metal oxide material. This salt is formed during the hydrolysis step when the metal salt is
converted to the oxide/hydroxide material. This salt can generally be removed by simple
washing of the metal oxide/hydroxide or composite metal oxide/hydroxide material in
water. This washing step may be performed by agitating the metal oxide material in a
vessel, allowing it to settle and pouring off the water. This washing step may be repeated,
after which the material may be dried, for example in a vacuum oven at a suitable

temperature, such as 50 to 60°C.
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preferably greater than 900 m/g, nore preferably
greater than 1000 m/g. The netal oxi de/ hydroxi de or

worRoosm443ag al oxi de/ hydroxi de materials of the PCEABNI04/001523

i nvention are preferably nesoporous. Mesoporous
materials generally have an average pore size of from
about 2 to 50 nanoneters, although for nost
applications a pore size of friédm 2 to 20 or 2 to 10
nanoneters is nore desirable. The netal

oxi de/ hydr oxi de and conposite netal oxide/hydroxide

mts%ﬁfeaéspg)h% 1&@ Gnhd hferd @Boﬁlﬁ"b%{}ﬁé%ﬂ%%ﬁ ﬁ)]%tnaﬂ?%?orfﬂ For example,

area, as neas e cas
wlﬂeﬂm'epzhnrfgxﬂdﬁrdmﬁ € faklscells hay piaimpar oxide avondd read ﬂoebe reduced to

reater t Q0. m./ g, preferabl reater than 150
%ﬁ“é%‘f fasjaglopy absprbing PLoReBigy lwc,ngi be desigahle for copper

cﬁﬁ‘a@{o B 'r&ﬁw@@%’@é%ﬁeg R8I dedo? ahﬂ@ac'f@?ﬁa‘? %P(Eﬁéytf’esaéiﬁ/@r 8Ride should

nmeasur ed e greater than o
Jesizdldy abd \cogvertdeto tshlzer 80@alm /Bnarmlayrdmt aphievesl &l yubjecting the

reater than,100 After eva at i of. .t he,wat er .
B el oy s ) cSBPERE el kit RS R material to
RdhdHey BEAEfidR such thdt Qhé"@}@i@cS/ﬁ?dﬁbxid@ i§ @SEREd BNhe! ®Ftedptilding metal.
salt Tromthe netal oxide or nEFS|te met al oxi de

Thet @ndenlonsmpé vgéh depprd porthe oxide yApxidretonhel restuped. s Preferably the
C%Elﬁglo)ola g%’r%d)% f?clt m%%aoré%%?%ee{s)%lag/ gc?ro%ﬂi% or clompgsne material is

general

submwt&dlyhyiamtaimﬂde M@ Rbnpleoin the %af@@faﬂlu@(h(d&ﬁémﬂbms depper oxide
or conposite netal OXI de/ hydrOX| de material in water.

nmr © FRelIPhép SORRST Migial BBAgEt TeoPRiBa CBYIraRIen SPFly a3 Hader a hydrogen
baihefXd eﬂﬂgﬁeee{thl%gquepe tH@ﬁl?‘s%hce @rﬂhd)ég \Nag it to

sett e and pouri ng wat er . shing step
may be repeated, after V\,hl ch the material nmay be

M@ggg%&@g@%&@ﬁﬁ%@%%%& 0}5’16[ }hygg}sxliléeo% erials of the present
1%951{&0%3&1' ?rl% hE\% Hﬁ"&(ﬁiy %%&@ﬂre&ﬂe R BEF Weeﬂlcbﬁ)oke&&i into devices or

net al orm exanpl e, 'when preparing el ectrodes
equpmfwélfomdhwlwﬁlepl1atendﬂd1flmﬁ1@te Howexhmpde dvhen the materials are to

red ed to tinym neta im.larly for u

bR Beint s TR Yoo e Yaimbepeliy S5 Ps Sqppay0 and HOL
Mld@s bOtheendteskIe frly the paeiRgdeinto®béd, é)@@éiblfe @luidised, incorporated into a
anti bacterial properties silver OXI e shoul d deS|rany

Bembisag et fthretqs Blitary pessibly an cartrdge i, 196 aflaphiedyOdop§upported by

a?h%me?ﬁ{ @rgal ‘{%ﬁ"@f‘g% ?%Lig fgﬁ g or %ligttégﬁlé g?é‘fjerrﬁi(' Wane% the materials are

OSI
to be used as catalysts for chemlcal reactions, particles of the material can be simply

introduced into the reaction medium, generally a solvent, whereby the material can act as a
catalyst for the reaction. Similarly, gas phase reactions may be catalysed by passing the
gaseous reactants through a tube packed with appropriate metal oxide/hydroxide or
composite metal oxide/hydroxide material. The high mesoporosity of the materials
according to the present invention allow them to be incorporated into the plates of
supercapacitors. For these applications the materials should be conducting. Since
capacitance varies directly with electrode area, increasing this area by incorporation of a
material according to the present invention will contribute to the capacitance of the
capacitor. When used in water treatment processes, beads or particles of the material can

be dispersed in the water to facilitate removal of organics, bacteria, viruses, heavy metals
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reduci ng conditions such that the oxide/hydroxide is

reduced to the corresponding netal. The conditions
waie@d/ w4k depend on t he oxi de/ hydroxi de to bePCEAUZ®EN01523

Preferably the conditions are such that the

mesoporosity of the oxide/ hydroxide or conposite

material is substantially maintained. For exanple, in

the case of CuO hot nesoporous-copper oxide nmay be

reduced to copper netal under a reducing environnent

such as under a hydrogen at nosphere or nethane

re i.n T t

a§§ {Bgﬁtﬁ' c% Fa(r)lg(lln %?e%gﬁw%l&y {he%é(t r glg(e.rfé%l?ﬁﬁ %botg(e Bassed through a

cORIngH p@dkﬁd ofit the nﬁﬂtﬁ&ﬁ(ﬁde/hyalv@ﬂde mateniay, Ber wsted treatment processes it

directly as prepared, or nmay be inco rated int

laealtq:é%osa? lee dii prREVRE ﬂtﬁgnﬁéﬂmn&?t‘lnﬁxt‘%& Arqxides f@dgcomposite metal
?‘S}Jd%kldé: ﬂfatéarﬁ?é'glllc? hﬁ‘@eﬂﬂe tlﬁ'f%n'gﬁé Shidd 3f Mke tnﬁ’atgl‘fals to assist in

use as catalysts 1n the renoval of toxic conmponents

theic i‘BcaserNGi)]dm\dmgI@hspemmﬂ 1ncth<ewataf ta beetreadeder Inaths cmyofbi@mestlc type

packed into a bed, possi i di se or por

SHERPDS: HiResAROIGRS F‘Faé?r@ fftt‘? tREpsen gé@é‘"ﬂiﬁ% PYF 8/ Fe composite

RALH &gﬁbé HiFodueéd ﬁt& Achatlich 9 B tBYOP@pYRE, by anot her

material, e.g. a polymer or inorganic of netallic

material. Where the materials are to be used as

Iﬁgﬁ gﬁlzq\éSt %ﬁﬁ%sgtggﬁn%%ﬁ?éls -t %?%éﬁ%e%graﬁ’lﬁrhtabg Lrgﬁrroggd fnl?)?erties relative to
tHe dhbsthatcganefial énipldysd| St advahrpedmay ecludd ighel denaity, improved
act as a catatwist for the reaction, SIimlarly

wiettability.c HBPIoyRG chatgehand: Approyed Furjce SRANISEYY hérgey may also have
191 TSRS ﬁ%@a%hﬁ? F‘laﬁ% 9 ?(%nglefc&'g Q\?’d‘f]ﬁﬁl@ ﬂ%t%ﬁals used g?r the same or

Sppropriate e rOXI of conposi t
sixilalepinypdscox iAdpersart skillad in THeear Ivgfmldmmbqﬂsinmt rtha} dniffelttntemetals are

q@pécﬁa,&%@ l\?\g@ q%lﬁ'(%ge?n;gg)%%{{e?gbgshe prgﬁgr%l ghq%gg %},318{}[ a pal%cular metal for a
ﬁ#@&ﬁ%‘a@gﬁba{tﬁfgs Fdr¥ahPRE: AR akaké tabld1Ror BB binglcours, NiOH

conduct | ng. I nce capaC| tance vari es
m’iaﬂeaa:lts | are vparihlctézhrbc tusefdk imrsepgreapaciteras phagintii sontpiningpipaterials are

&i F}? F%ﬁtféﬁi) |f01i:%lg} &ﬁtgfﬂrnlgasilgg Copt agrgn g}a?egﬁtgs arg 151? ?%Te bacteriocides.

E%@CAH@ 'beeﬁ/\m&ihduﬁ?%ét ﬁV\ﬁinﬁf nia‘f&ﬁlsﬁ@ﬂtthep p@kents Bfvention that some
beads or particles of e material can be dispersed in

mhierialataey partictlady usefuk @r parisviar applicatigami Ky, eXB&J@teemP%PPOTOHS iron

t,al {
S A TE il AR R i o e
$1B{11&nghccﬂn}|€:@ht@ dh/pasked cuiboh Iﬁdtﬁlaﬁahﬁbedmxﬁodﬁd fwbifr partiddarly useful

mat eri al or water treatnment processes it
for the removal of humics from water.

Those skilled in the various arts would be able to make and utilise the materials and
processes of the present invention to readily prepare materials suitable for the desired end

application.

The present invention is further described with reference to the following non-limiting

examples.



10

15

20

25

30

is al so possible to produce nmagnetic netal
oxi de/ hydr oxi de and conposite netal oxide/hydroxide

woraiosnials and utilise the magnetic nature of PEEA’E2004/001523

materials to assist in their recovery foll ow ng

di spersion in the water to be treated. In the case of

donestic type situations, the nesoporous materials of

t he present invention, such ag7Fe conposite material,

may be introduced into a cartridge in the tap or tap

line. In the case of conposite materials, they wll

Benssigh! y have inproved properties relative to the

substrate material enployed. Such advant ages nay

Rrephrationhifghesopdensiiton oxider oved wettability, inproved

charge and i nproved surface chem stry. They may al so

have i nproved pH stability relative to commercially

Sigéf FalIcs) B oA ﬁs%f«%@i i 80 nfl € MVERITE) \%teﬂnm {5 m] beaker. The pH
rpose. A person skilled in the art woul d under st and

qub@ r%ul‘tmérsehxtlonsv@ mcwa@dagsldbf &omdamrommuteﬂy drdtut 8.2 using 6 M

es and wau rt [ | ar
A R 5oy SRt BB ok Sl it Fone B iy & sefiore Nan0s weas
H&dsefetlad He approsithdtaly| (RoNIOTh@bsukePivag tiRePtced iNa@dt oven uncovered
materials are particularly useful in suBerca paci tors,

311 82 iChevareisht A orts) nusng ghisstatedhewselyblederr hswroxidrge! network
|
eflrafsf o Bt orBAGRL i bRl 3t U PRLHLE 866 in prt. The

fbHSWlnlggnsmn’fg tietbenkal wasokemiohed fivasthvtovien\wadtthodryt é‘a&ﬁy disk of very
rmterl s are IarIy useful for particylar. .

%ﬁ‘gﬁ%w%‘ﬁ mﬁ&#%&*ﬁhﬁwg %@géa‘eﬂsausseﬁi iomediaidE "ﬁﬁsMﬂh-Q water.

Igﬁﬁﬁ fv?a‘énge ¥ Hl!i ‘+ {Nﬁtﬁ aﬁ&‘i §etﬂt‘ﬁn§ QAD\Blid material
seni r om osit

br@ﬂlyamﬂlpoarlagi oﬁbﬂlb(snpamatmtl élThths/oh@é rihd husm d¢f acniall portion of dark

rt| Iar usef ul or t val. of hum cs
Sltiked Badmaicl Bt il Rispiieds, ThPHing probit e epeile,p simes. The
ﬂl&eﬂmiﬁ@asaﬂﬂgn pldck 8@ VabRuiRy el bebe AR ’9&&1@1&13?62% i HBPand dried,
present invention to readily prepare materia
mmrtt@@l:ér, fand SHM rdeastreagne n%hgpmragfapar@nle sT#eeoipthe gegsoporous iron

(¥ grofnurther described with reference to the

3 n-Timting exanples.- 7 - Exanple 1

Prepar ation of nesoporous iron oxide

Example 2

Preparation of Iron Oxide/Activated Carbon Material

5 g Fe(NOs); 9H,0 was dissolved in 60 ml Milli-Q water in a 100 ml beaker. 5 g of
BP2000 carbon was dispersed in this solution with gentle stirring. The pH of the resultant
solution was increased rapidly from approximately 1.4 to 8.2 using 6 M NaOH with
rigorous stirring (magnetic bead on magnetic stirrer). The beaker was placed in the
preheated oven at 105°C and left overnight leaving a dried black disk in the beaker. The
dried black disk was rinsed/washed with Milli-Q water. Rinsing/washing was performed
by filling the beaker with water, followed by agitation, settling the solid material briefly
and pouring off the supernatant. This process resulted in the loss of a small amount of
fines. The rinsing process was repeated 9 times. The material was then place in a vacuum

oven at 60°C and vacuum (625 mm Hg) and dried, prior to BET measurement.
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5 g of Fe(NO) .9H 0 was dissolved in 60 mM of MIIi-Q
water in a 100m beaker. The pH of the resultant

W@ odoaniams was i ncreased rapidly from approxi maR€i/xU1004/001523

to 8.2 using 6 MNaOH with rigorous stirring.
Followi ng this step the concentration of sol uble NaNO
was neasured to be approximately 0.6M The beaker was
then placed in a hot oven uncggered at 105 overni ght
(14 hours). During this state the insoluble ferric
hydr oxi de gel network dehydrated to formferrihydrite
and goethite, with consequential reduction in pH The
foll owi ng norni ng the beaker was renoved fromthe oven
MNatds.t he dry salty disk of very dark brown/ purple
material that had forned was rinsed i mediately wth
MIli-Qwater. Rinsing was perforned by filling the
ﬁg%'f@@(l\’@})@ 9agj3 %rhﬁrbfp%)?&éﬁlhﬂe ?Paem %@'Fb{b%@ﬁe%fo?é he ratio of iron
briefly and pouring t he supernat ant |nvo 3
oxide ﬂOGQ@OOffOHhtsnmtbrlfplw @pmﬂxmfataibaﬂié col oured fines
which were still suspended. The rinsing process was
repeated 9 tines. The nmaterial was then place in a
ggoven at 60 C and vacuum (625 nm Hg) and dri ed,
rior to BET, and SEM measurenent. The average
T and | BJFE measwiemends nesopor ous i ron oxi de was > 1
m cron. Exanple 2 Preparation of Iron Oxide/Activated
Carbon Material 5 g Fe(NO) was dissolved in 60 mni
BET Isurfigevate indasurameftd were lderiained byomatti-BHAOQEs edwobsifon using a
sdlspersedlnthl solution with gentle stirring

HEOBETIS Atfel PEQQ FYtiaRe 5% nalsAr- w%lstrqgﬁe Mg dised ﬁ%\B}eondﬁorbate at -
oo PRBF f&xdn ﬁl Saminlés \tv&e%a ea Y g%s&d%%b"\fotdﬁ ultlsnate vacuum

ri gorous stlr gnetic magnetic stirrer
ofivd OPeaker mas placed in the preheated oven at 105 C
and |l eft overnight leaving a dried black disk in the
beaker. The dried black di sk was rinsed/ washed wth

BT ki ffde Wadag§ derfledStdiAmas| 'aﬂﬂbry‘%lﬁﬂﬂé%f) fofBshtRYm which is a

filling the beaker with water by agitation,
meenstiei i ghe helas apandityréar standarddéalame) ofigad aplmqu:dn@r df:sorbed), ata

er nat ant rocess re n_t he
SOSARPERATHA o IRl oPERISF LM BER gl 8ol form, can
veopditdned: 9 tines. The material was then place in a
vacuum oven at 60 C and vacuum (625 mm Hg} and dri ed,
prior to BET nmeasurenght.- 18 -1 =

Va(Po—P) VmC VmC Po

Where P = Pressure
P, = Saturation pressure of gas
Va = Volume of gas adsorbed at pressure P
Vm = Volume of gas adsorbed at monolayer coverage
C = BET constant

A plot of P/[Va(P,-P)] vs. P/P, should yield a straight line with intercept 1/V,,C and slope
(C-1)/VuC. The value of Vp, is obtained from a regression line plot though the data
(typically between P/P, values of 0.05 to 0.3).



10

15

20

25

Notes. 5 g of Fe(NO )3.9 H O forns approxi mtely 1
gramOe O, therefore the ratio of iron oxide to
w@200bom4fior this material is approxi mately 1:5PCEAXHRPHE01523
3 BET and BJH neasurenments BET surface area
measurenents were determ ned by nmulti-point gas
adsorption using a Mcroneritics ASAP 2400 surface
area anal yser. Nitrogen was uged as the adsorbate at -
196C. Prior to analysis, sanples were vacuum degassed,
at 100 , to an ultimte vacuum of <10 Pa. BET surface
f

| Lo (jﬁel;fi?n g%éc\é%gea (rs)‘;&‘ r%g gds%?ﬁenﬁﬁstﬁérpédl@g!}tg& 3@%{3{1‘?
standard Vol une) of gas adsorbgengor desorbed) at a
constant tenperature, as a‘’fungyion of pressure. The
BET equation, inits linear form can be witten as: P
Whé&e: P Va(Po- P) VnC VnC Po Where P = Pressure P
Sat ur ati on pressure {mléa V = Vol une of gas adsorbed
%t preSigsscetiopalares,g ttgas adsorbed at nonol ayer

vera nstant A plot of PF[V (P -P)] vs.
T%%P sh%ﬁ?%df/? gﬁgaﬁgt raight line with intercept 1/V C
and st Mpdar(VGlined &f g8s The val ue of V is obtained froma
regression line plot though the data (typically
between P/P values of 0.05 to 0.3).- 19 - The specific
E?Jrl% fé}@%d% & @rdcé&ur@?ortdaﬁ:uﬁa@lﬁg pBRNdizd ﬁsﬁl‘Bﬁf‘o&eﬂsﬁ’@ 8t ®Q1vin equation
and 1nvolves conceptual emptying of condensed adsorptive (Nitrogen) from the pores in a

stepwise manner as the relative pressure is likewise decreased. The pores are considered
filled at the arbitrary point of about 99.5% relative pressure (P/Py = 0.995) and the pore

size is calculated as per the reference

The materials prepared in Examples 1 and 2 were subjected to BET and BJH

measurements described above. The results are shown below in Table 1:

Table 1
Iron Oxide* BP2000/Iron BP2000
Oxide composite
BET Surface Area (m”/g) 265.2 1200 1511
299.1
336.1
BJH (pore area 2-50nm) (m”/g) 125.6 951 1150
219.8
237.0
BJH (pore volume) (cc/g) 0.0892 0.480 0.528
0.180
0.174

BP2000 is a conducting activated carbon (Black Pearls).

BET surface area is total surface area including micropores (pores < 2nm).

BJH (pore area) is the surface area of mesopores (2-50nm diameter) only.

BJH (pore volume) is the total volume of the mesopores (2-50nm diameter).

*These results correspond to three different preparations following the methodology of
Example 1.



10

15

20

25

30

m/o Where: s = Cross-sectional area of adsorbate. Na =
Avagadro constant Vo = Mol ar vol une of gas BJH net hod

w0 2008/0prsacedur e for cal cul ati ng pore size di stPChAUROMS01523

usi ng the Kelvin equation and invol ves conceptua
enptyi ng of condensed adsorptive (Nitrogen) fromthe
pores in a stepwi se manner as the relative pressure is
I'i kewi se decreased. The pores2gare considered filled at
the arbitrary point of about 99.5%rel ative pressure
(P/Po = 0.995) and the pore size is cal cul ated as per
the reference The materials prepared in Exanples 1 and
2 were subjected to BET and BJH neasurenents descri bed
Eﬂamqﬂe4The results are shown below in Table : Table 1

%{}S” g\? slame Iron 5@3%8 (%‘113!1%3‘3{@03' ts%f@ﬂl Water by

Nﬁgg; r@ﬁ;ﬁﬁa n) ) 125.6 951 1150 219.8 237.0 BJH
(po e vol unme cc/g) 0.0892 0.480 0.528 0.180 0.174
BP2000 is a conducting activated carbon (Bl ack

1? %g]lrubg?l ﬁ)& %%rr@a%l éﬁl&fy arcg?(é‘%rﬁ ng‘?wmagalj rvtfaascperegarrec?l from a concentrated

aqueous solution by dilution in the ratio 1:50 of milli-Q water and resulted in a

yellow/brown solution.

Equal portions of the dilute solution were measured into a series of four vials labelled 1 to

4. Vial number 1 was designated the blank and received no further additives. Using a

spatula, approximately equal measures of BP2000 carbon, mesoporous iron (as prepared in

Example 1) and carbon/iron oxide composite (as prepared in Example 2) were individually

added to vials 2, 3 and 4 respectively. The vials were left overnight to equilibrate.

Observations following day:

Vial 1 — Blank, no additive — yellowish brown solution, no change

Vial 2 — BP2000 carbon — large reduction in colour, still slight tinge of brown. Carbon
was also found to float and attach to the walls of the tube, a feature which is
undesirable from a separation perspective.

Vial 3 — mesoporous iron oxide — large reduction in colour although not as good as vial 2.

Vial 4 — carbon/iron oxide composite — complete removal of all colour, better performance
than either vial 2 or vial 3. In addition, this material settled well in the bottom of
the vial, suggesting improved properties with respect to separation, when
compared with vial 2.

This experiment was also performed with a 1:10 dilution resulting in a higher

concentration of NOM. The observations follow a similar pattern to above.

Observations:

Vial 1 - Blank, no additive — dark brown solution, no change
Vial 2 - BP2000 carbon — large reduction in colour (>80%), still slight tinge of brown.

Again, carbon attached to upper walls of vial and floating
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BJH (pore area) is the surface area of nesopores
(2-50nm di aneter) only. BJH (pore volune) is the total

wao edoanei4ed t he mesopores (2-50nm di aneter). ThRGEAU2004/001523

results correspond to three different preparations
foll owi ng the nethodol ogy of Exanple 1.- 20 - Exanple
4 Renoval of Natural Organic Matter (Hum c Substances)
From Water by Mesoporous Matenijals A sol ution of
Armadal e fulvic acid (Contech, Canada) was prepared
froma concentrated aqueous solution by dilution in
o r .
\?/lleaﬁi o\?lvfngs(r%) \%)\}10%20 E}tﬂmé&h qQIdgl@écﬁertl gunécﬁg#ﬂ] taggn dl% % significant as in
squti@mIMere measured into a series of four vials

g to 4. Vial nunber 1 s de nat ed t he

E %ﬂlf’m&,‘b?’@éﬁ CorBPesife r hid¥trefpRly €09 §0 opgremypval with only a slight

spat Ul fino ABP BRI RAE YA %ﬂlbeﬂaag&rf At %E)a%oﬁgle vial 2 or vial 3.
%T'e I'n ?Exan‘p e i) and

car bon, soporous i ron (as prepare
car bonAgainnthcchaherialcsnparaﬁes welldonpthepatuioni n Exanpl e 2)

;%E’Ié{‘]’gt/gf 96J1a| l Eb’ dgggld QV%SI fﬁlé)f%’Y @\?é‘t}’ﬁ{]‘&r# the adsorbents to remove

Rkl bighAicamatcRSICMNEI) QR Toh @it dfied Aund/ifvaferways), from water.
Bl ank, no additive - yeI | owi sh brown sol ution, no

Hhaﬁlg@lw)awenznent Browothe dmptoyrd abildy géthee@@mn/lmn Dmde composite to

i1l slight tin
R P i Pkt ol S Bl e 380 R o8 Yone. Ot
ddvaiitige’s ofMhe borhpositd deed BRAU0® dré €Hy 1ﬁlp$@&¥bﬂfsaffawlchemlcal properties as
perspective. Vial 3 - nesoporous iron oxide -

vadeneed By the sigsifisantlapteatst gmovst ohBPgeeR stk e éhe zpper part of the

Va@! iy Iboth? ¥ ei%né% Ir gﬁ?r%%rgf tc%ﬁﬂ}ﬁ e'iif & the Crﬁﬂgn §esSer aﬁlounts for the

renova or mance than ei
oarlajn/1?omasx1d¢ edmpositen addition, this material settled
well in the bottom of the vi aI suggesting i nproved

roperties with respect to separation, when conpared
ampleiSal 2. This experinent was al so performed with a

l;rel)graptidn 51’ rﬂ@so'i)%f'&ust'fi%ihﬂl Fofyagher

12 ml of TiCl3 solution (15%w/v as supplied) was mixed with 60 m] of Milli-Q water in a
100 ml beaker. The pH of the resultant solution was increased rapidly from approximately
8.5 using 6 M NaOH with rigorous stirring during which a blue precipitate formed. The
material was left for 72 hours during which time the upper portion of the precipitate was
oxidised to white titanium dioxide precipitate. The beaker was then placed in a hot oven
uncovered at 105°C overnight (14 hours). During this state the insoluble remaining blue
precipitate oxidised and dehydrated to form titanium dioxide. The following morning the
beaker was removed from the oven and the dry salty disk of white material that had formed
was rinsed immediately with Milli-Q water. Rinsing was performed by filling the beaker
with agitation, settling the solid material briefly and pouring off the supernatant. This
involved the loss of a small portion of fines which were still suspended. The rinsing
process was repeated 9 times. The material was then place in a vacuum oven at 70°C and
vacuum (625 mm Hg) and dried, prior to BET measurement.

e TiO; confirmed total surface area of 250 m*/g, total pore volume 0.22 cm’/g, BJH
pore volume 0.18 cm®/g, average pore radius 17.6 nm.
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concentration of NOM The observations follow a
simlar pattern to above. Cbservations: Vial 1 -

wBk@sk444m0 additive - dark brown sol ution, no PEEAY2004/001523

Vial 2 - BP2000 carbon - large reduction in col our
(>80%, still slight tinge of brown. Again, carbon
attached to upper walls of vial and floating- 21 -
Vial 3 - mesoporous iron oxidey- some reduction in
colour, again not as significant as in vial 2. Vial 4
- carbon/iron oxide conposite - Extrenely good col our
removal with only a slight tinge of brown |eft and
much better performance than either vial 2 or vial 3.
Piahple 6t hi s material separates well fromthe sol ution.
The renoval of col our by these additives shows the
Rusppratipnogf FiteninosBiosidel ActivatedGavhomMaterial or gani c
material (NOVW) (a contam nant often found in

wat erways), fromwater. This sinple experinment shows
2heal ofPiCly @d Yabiv) sdlytiaf whdmmixedrib 60/mlrMillia) w@deer in a 100 ml beaker. 5

co ite to adsorh natyral _ organjc species over
&0t RER00 cdan e Grbts IprtBi BRriipe Witbresnilostiging. The pH of the
REMRRE @(gﬁﬁoﬁ)::wats hﬁc%%%?iﬁ Vele Rird %OMGN%QEF %Vi‘[él rki)%/orous stirring

i nproved surface chem cal properties as evidence
(ntagneticgraatlionamagngtig stiradry r TlanswdtionowasBie@liated atthistpd for minimum

t u r t.of. the vialg.in both series o o
e ERE SThe bikeb Ve Plfted bt P1eBedE o fhi 4o left for two
ﬁi?l@ts CRVRONA dFed bRk dBsICRANRO SbilRr. BHRMRled Bladk @BR Kk irBRed/washed
of mesoporous Titaniumdioxide 12 m of solution

itls PgiN-Qu svadarp pRinsie/ wigshingi wesd powifermeglobyrifilling Khel beakey with water,

rokn a.100 n aker. ..Th H..qf . the resul t ant
b 58 Rt ErudRERR, ol dFoyBoh St EIY grogsupornatant
Tk pgodesVidyalkd W tie Yosgof ausnall hmbintgofifindsnOThWh iri@king process was
blue precipitate formed. The material was left for 72
H%B%t%f Ytimehg Thamaterial was thea plaspér 2 yasuump AVeF aty79eC and vacuum (625

o) g Lte titanium dioxide
fﬁ@?ﬁéﬁ%‘{dﬁgﬁy\ﬁﬁ%ﬁé%ﬁ@gﬁ%t eén placed in a hot oven
uncovered at 105 overnight (14 hours). During this

tate the insol uble remaining blue
otes.
12 ml of TiCl3 (15%w/v) forms approximately 1 gram of TiO,, therefore the ratio of

titanium dioxide to carbon for this material is approximately 1:5.

o C/TiO, — surface area 1100 m?%/g, total pore volume 1.76 cm*/g, BJH pore volume
1.59 cm’/g

Example 7

Preparation of Manganese Dioxide/Activated Carbon Material

2.3g of MnCl; 4H,0 was mixed in 60 ml Milli-Q water in a 100 ml beaker. 4 g of BP2000
carbon was dispersed in this solution with gentle stirring. The pH of the resultant solution
was rapidly increased from approximately 6 to 10.5 using 6 M NaOH with rigorous stirring
(magnetic bead on magnetic stirrer). The solution was equilibrated at this pH for minimum

of 10 minutes. The beaker was placed in the preheated oven at 105°C and left overnight
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preci pitate oxi di sed and dehydrated to formtitani um
di oxi de. The foll ow ng norning the beaker was renoved

w0 c@s0s43e8 oven and the dry salty di sk of whitePCEABRG08/001523

that had fornmed was rinsed i mediately with MI1i-Q
water. Rinsing was performed by filling the beaker
Wth agitation, settling the solid nmaterial briefly
and pouring off the supernatang.- This involved the

| oss of a small portion of fines which were stil
suspended. The rinsing process was repeated 9 tines.

lg%%;gta{?feh%(l%ég@alsk rf%gljnep ‘3@ %@r ' 'Th@ d\fi%ﬁ lﬂf&@l{?%i@%é\?z}s I‘YIQSG%W&Sth with

Mih<umeatent The diskfbrokeedp tont aiidltﬁimr if)ﬁwateanﬁt@ Qispetfldd rpart1cles which

/ total pore vqu 0,22 cm /g, BJH or vol ume 0
S&ﬁ%eﬂgon a%ﬁﬁage %J&P@gr%h@g Wa petianed by Sl filling, thei Rpalger with water,

f@é?‘gﬁ g%r %ﬁaﬁ OEE&@E W@s@h(}”ﬁéﬂ ﬂﬁ\g{l'ile%lgt&q é%%hlﬂgg)ff the <jypernatant.

Tiis ptdckss- @su\Mdem ihe larss10ﬂa1sntaélad\mount53fgﬁ1ma‘s BPRcﬁ)@lﬁismg process was

car was d ed. in |s solution wwth g
(Earel o BB s e B LBt oyprig0 € and vacuum (625
thMG S35 AriedPhribirto BE BmBasdfenit@t.6 M NaOH wi th ri gorous
stirring (nagnetic bead on magnetic stirrer). The
solution was equilibrated at this pH for mninmmof 10
T%t&;t es. The beaker was placed in the preheated oven

05 C and left for two nights leaving a dried bl ack
s lofi MInChe 4H§@kﬁfrmsT£@r@Hﬂn@&1}b|la@Kanﬂic&ka}i therefore the ratio of
rinsed/washed with MI1li-Q water. Rinsing/washing was
REIEBSREiOge 1o qarbangior fs patgrialis mrﬁxmtéw 1:4.01 | owed
by agitation, settling the solid nmaterial briefly and
I?’gagrrliln§ of f the supernatant. This process resulted in

§s of a small amount of fines. The rinsi ng
Ifeparfon e CopRe 0 de/A ctivired Catben Mdteriahl was then
pl ace in a vacuum oven at 70 C and vacuum (625 mm Hg)
and dri ed, pri or to BET rreasurerrent Notes. 12 m of
I ]@'@(? I [ al
szg éfore (gtVlv%S% tEl ﬂ? a%?n e} e{.gtrglflcalr orrﬁﬂfbeaker lgof
BM(E)O rm:thbnlwds dispeagedrin Xhmmlethqn With gent-le stirrihg.c @hapkloof the resultant

00 m/g tal por
5\9 tiopgvas rapld y ?ncr ase tov 1 usmg 6 IQ/I IC\]mOI—?qu rlgorr)ous stirring (magnetic

bead on magnetic stirrer). The solution was equilibrated at this pH for minimum of 10
minutes. The beaker was placed in the preheated oven at 105°C and left overnight leaving
a dried black disk in the beaker. The dried black disk was rinsed/washed with Milli-Q
water. The disk broke up on addition of water into suspended particles which settle on
standing. Rinsing/washing was performed by filling the beaker with water, followed by
agitation, settling the solid material briefly and pouring off the supernatant. This process
resulted in the loss of a small amount of fines. The rinsing process was repeated 9 times.
The material was then place in a vacuum oven at 70°C and vacuum (625 mm Hg) and

dried, prior to BET measurement.
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1.59 m/g Exanple 7 Preparation of Manganese
Di oxi de/ Activated Carbon Material 2.3gOMIC 4H O was

WOorRoosa444e8 60 m M IIi-Q water in a 100m beakePCT/AUZN08MH01523

BP2000 carbon was dispersed in this solution with
gentle stirring. The pH of the resultant sol ution was
rapidly increased fromapproximately 6 to 10.5 using 6
M NaCH with rigorous stirringogmagnetic bead on
magnetic stirrer). The solution was equilibrated at
this pH for m nimumof 10 m nutes. The beaker was

pl aced in the preheated oven at 105 C and | eft
overnight- 23 - leaving a dried black disk in the
Neaker. The dried black disk was rinsed/ washed with
MIli-Qwater. The di sk broke up on addition of water
into suspended particles which settled on standi ng.

i psi Y, I t .
ﬁ{‘g o\?g'{u‘g@@‘}gﬁl %3\?@3 Bgé}fogﬁﬂg?g g O%Bfnséef*tqﬁ?) ﬂﬂ@]ieﬁ lg%{ ratjo of copper
diadeeuolcafbohrfbleﬂlﬁsyrnatﬁdalﬁeapprn@nmﬁélyﬂﬂe supernatant. This
process resulted in the loss of a small anount of
fines. The rinsing process was repeated 9 tinmes. The
Fxampled was then place in a vacuum oven at 70 C and
VABHHBCrin B b Hdus 8'5& nyBFlxid hiRd nickeFbxdde.

surenent tes or M5 approxi mately 1 gram
of therefore the ratio of manganese di oxi de to carbon

Lg@gﬁ{%lgﬁ{ﬁé'%@%@g %%rhg@/ &E E)f ]&/ﬁ]lhéév&% A fgﬁslg 1 begker. The pH
of thé r&uﬁéntgdgq E'?’va@ ﬁ’iﬁ%as’%l )f%g Iy Froff) aE'%roMrhétbtyQ WRu§6hg 6 M NaOH

ina 100 m OO carbon was "di spersed
wnh trfgosowsoitmﬂng) duriing hvlgdnalpelesgnepn ipmegipitie fpgeag The solution was

? 115] lill}n:ng g §taéﬁrsp rgll-% g LI?lﬁ&)&ﬁlg & :j\gt sgglga pg%cetcl il% hot oven
ﬁﬁﬁ()&%& Gt fdﬂE’d @‘é?érmgﬁhg 4313kt I Dﬂnﬁ@ﬂn? Qﬂdte' th@ irdbRblAhickel hydroxide

for mni mum of 10 ni nutes. beaker was
gl ame\doﬁndmdfcbtqo feire atesdpaven nakellh)fflrc’)ﬂdnd The¢ tfollowing morning the

QLB A B R BB DR g o

formed was rinsed immediately with Milli-Q water. Rinsing was performed by filling the

beaker with agitation, settling the solid material briefly and pouring off the supernatant.
This involved the loss of a small portion of fines which were still suspended. The rinsing
process was repeated 9 times. The material was then place in a vacuum oven at 70°C and
vacuum (625 mm Hg) and dried, prior to BET measurement. Nickel oxide was made from
the cleaned and dried nickel hydroxide formed above by further heating of the sample in a
muffle furnace at 250°C.

e NiOH with surface areas 164 m?/ g,
e NiO with surface area 207 m*g respectively

Example 10
Preparation of Nickel Hydroxide/Activated Carbon Material

2.56 g of NiCl, 6H,O was mixed in 60 ml Milli-Q water in a 100 ml beaker. 1 g of
BP2000 carbon was dispersed in this solution with gentle stirring. The pH of the resultant
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wat er. The di sk broke up on addition of water into
suspended particles which settle on standing.

woRmsiongisvashi ng was perfornmed by filling the PerKkBR004/001523

with water, followed by agitation, settling the solid
material briefly and pouring off the supernatant. This
process resulted in the oss of a small anount of
fines. The rinsing process wagsrepeated 9 tinmes. The
material was then place in a vacuum oven at 70 C and
vacuum (625 mm Hg) and dried, prior to BET

SRRRMLPRERbs Bl Pl TobE @V BNSDR! M vy e o

adparmsapdetle stlﬁegar’ﬁw’lscﬂ@tﬁorﬁ Was edilibrated ati this pH for minimum of 10
apprOX|nateI 1:1 nple 9 Preparation of nesoporous

minges) Thy @Ffés@ff s @}?&e% lfb‘lbé PredRpige oven sik)SCENng) lefs pvapnight leaving
éé‘@ﬁ?(erlﬁgg ¥t EI tﬁ? b@%ke?f el cﬁxjied%l ﬁ sk! Wasridéid/lshed with Milli-Q

resul tant so u I'on was 1 ncrease
wapn dTige ﬂrshrbrakqoup»ommlﬂ&ioyl df2wdtet &ito guépehtidda phitiodet which settle on

Siien: Risstoohishihe Vo B %ﬂﬁﬁﬁ'g o b fis it atep ollowed by
a]gg’taﬁéﬂ" WERBnd theSbBRIhiisGal el NG %ﬂhﬁ% Io‘f@ﬁlet ﬁg&ﬁlmaﬁ@ &8is process

in a hot oven uncovered at 105EC over hi ght ours
rmﬂtedgn thei lossofat smalhemionstodfufivies. Aihe kmsmgyptooess ohaas gepeated 9 times.

ried to .form nesoporous n h drOX|d The
(s DE el e B SA0RR S8 PLAETe A Fhiit oo i He) and
c&[b@ bﬂ@r IBET dhda¥urdingkt. OThid hrRGEL 8 FOPRNEOR cafodtcoifdsite. This
formed was rinsed i nmedi ately with MIli-Q water.

rethed Tpsvisp peads grherad theyquantifies gf ﬁ\h@lzb@zh& rand/u BI}2000 carbon where
%lttlo%nfﬁgsﬁLéll '68180%@18 14 | 'o‘% B0 'cgll 09 iﬁé/ ﬁﬁgl adjusged pH was

pouélng 0 ernat an s I Vo

m@mrbdmranmmoﬂalcmmw&hpbmmre sti I I suspended.
The rinsing process was repeated 9 tines. The materi al
mas then place in a vacuum oven at 70 C and vacuum
nn1kg) and dried, prior to BET nmeasurenent.
N| ck oxi de was made fromthe cl eaned and dried
215@:@@&‘ Ni(}tirﬁﬂgj(ljﬁ)rme rappebxadiaiely Ibgramuoft RE€IH dladrefoge ﬂnia ratio of nickel

liygi?q egpoapaérhgn ?@nﬁﬁe;%}% fnyarteg'? elS glgpromma(f:ely lNi Og ZM g of NiCl, 6H,O
forms approximately 1.5 gram of NiOH,, therefore the ratio of nickel hydroxide to carbon

for the 75% material is approximately 3:1

The 50% NiOH,/C had a surface area of 849 m%/g, and a BJH pore volume of 1.32 cm®/g,
and an average pore diameter of 9.5 nm. The 75% NiOH,/C has a surface area of 450
m?/g, and a BJH pore volume of 0.913 cm®/g, and an average pore diameter of 5.8 nm

Example 11

Bacterial Removal from tap water using mesoporous iron oxide/carbon composite.
Experimental:

(Note: Boiled sterile tap water was used in the trial.)
E.Coli (JM101) seedstock OD= 0.903
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NiOwth surface area 207 m/g respectively Exanple 10
Preparation of Nickel Hydroxide/Activated Carbon

wOoRM0s0IENS 2. 56 g O NC 6H O was mixed in 60 nmPCIVADRG04/QD1523

water in a 100 mM beaker. 1 g of BP2000 carbon was

di spersed in this solution with gentle stirring. The
pH of the resultant- 25 - solution was rapidly
increased to 12.1 using 6 M NagH with rigorous
stirring (magnetic bead on nmagnetic stirrer). The
solution was equilibrated at this pH for m ni mum of 10

nut The beak | aced i n.the preheated oven
BhckaislSismanaryoved B e GHR0TP GGG H® BleREIedage: 1) tap water
t'hﬁ‘t x‘iv’a"hebcﬁféalﬂt@ ema_{’;heregirdhﬁldcl@&ﬂ&kar@ Shei1NeS in bﬂ %&&%m& Bﬁgr to use and

-Qwater. The di sk broke up on addition of
2&@& @plz |cnkmremmnde@rlqaarqth améwamdcmﬂs%@mlmdobmled tap water prior to
standlhn ai{l nsi n /vvashl ng was perfornmed by filling the
IB%IEE%F S%@? "ol l owed by agitation, settling the
solid materi al brlefly and pouring off the
supernat ant. This process resulted in the | oss of

vl of hasserial sespensipre@as Fadedrtp oy FoprrseRysenefbes andaequlhbrated for
[ H‘Sr?st t%dan%otlﬁ mig (S)f Eﬁ %ds aaddéé%%gﬁﬁ@%%rﬁ?o% d:irgi i?lc%bated at room

vacuum oven vacuum
tlefripefatllre) obfa Vertatiy retatng plafibirs. W athtiod ovithobOdsdbib@hPwas also run in

%li)ﬂ 4 Co eggxlrekﬁ:e @gl:lglpg gt 4 1%%? 0 ﬁgﬁﬁq@ \g]ncqéq%g%ent After
§e al% 1§§ghé\l' a0 Hltq}éﬁdt}% §ar19p19§ vBP208fheC g&bgﬂgia@%tﬁﬂ%atlon when
pH was 5% Ni CH

] ust e O to produce a
mquimf) and ieomiting, tlmoacberbeﬁt f6e guiRkiNtadlt véad el gubiect to a number of

PRI ST ik B ARSI 1. R S85B0L DB DB o0 . of cac
HRRIAN ¥R Pﬁhéﬂ tb: L]urla%gg l@te@ Nl 6H O forns .
approximately 1.5 gram , therefore the ratio of

n| ckel hydroxide to car bon for the 75% material is

CORLRATE i T R SO R o ¢ o

Ty ploR SYEY &8t ExigdodE] ngdﬁfl aﬁdSSrQTBaéEh@olé'@%’alnghl ih @everse osmosis
has a surface area of gt and a BJH pqre

teated watar cfmpiilligdy a@ﬁ?dafﬁ?é‘? fserad agparRaron et go%ﬂ%(mL 20 mL

of this solution was poured into Petri dishes to form the plates in a sterile environment.

The suspension is spread evenly over the agar surface using a glass spreader which is kept
sterile using an ethanol/flame technique. The plates are then incubated at 37 degrees C,
overnight. The colonies were counted on the plates containing between 30 and 300
colonies using a colony counter. The number of colonies from the least dilute plates were
used in the calculations. The plate counts are multiplied by the dilution factor to obtain the

final result,

Sample Av Log E.Coli (CFU/L)

T =0 Hrs T =2 Hrs T =4 Hrs
Control 10.1 10.1 10.2
BP2000 10.0 7.0 5.3
Cfe (Example 2) 10.4 7.5 6.3

The conclusion is that the BP2000 alone is slightly better at reducing E. Coli levels than

the composite material.
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Exanpl e 11 Bacterial Renoval fromtap water using
nmesopor ous iron oxi de/ carbon conposite. Experinental:

W@ Niwsei44i | ed sterile tap water was used in tPEI/AU2004/001523

trial.) E.Coli (JMA) seedstock OD= 0.903- 26 -
Bacteri al suspensions used in the adsorption
experinments were prepared using: 1) tap water that was
boil ed to renove residual chlgri.ne and sterilised in
an autoclave prior to use and 2) E. coli culture grown
in Luria Broth and washed with sterilised, boiled tap
wat er prior to making the final suspension. 50 m of
bacteri al suspension was added to 50m pol ypropyl ene
Exthepled@d equilibrated for mns to an hour. g of
lgdsor ﬁ?t was added to this suspension and incubated
pmp PEYSBI Hith mesgporous dvan; exide/carbgn Lompysite.at f or m
A control w thout adsorbent was also run in parallel.
Sanpl es were taken at 0, 2 and 4 hours frominitial
Exngrinieoh O gaafsoesvpotous Aoh exideaehoat dontposite wasl addddent50 mls of an

BEL R SIC RN TN SR O

WAPABREFDE 2 WASINIRE B S : !
dilutions with Luria B?Igﬂto ﬁﬁ%aﬁéelgtl,g H%%?Saf?;il‘%%,gf{{l?fSB%?atant were

filtered (PotH) mionen) ead the argénie goteediration easwesl wiry IGRIEOS. The results

' L ates, Luti r, glates were prepared
Alﬁiiiéﬁg e’%&%ﬁa 6%?3\%%","“?%16?‘?0@6 g‘g%’ti on of 10 g Bacto
Tryptone, 5 g Yeast Extract, 1 NaC and 15 g
Bacteri ol ogical Agar in reverse osnosis treated water.

tcillin is added to the solution at a concentration
of 100 mg/nL. 20 L of this solution was poured into
Petrt—drshes—to formtheptatestHn;a—ster+te
WH onrfrent 1} rpuour_” é&4ad veply. gver the

Iigiat arseiny S (RERg | iGradBL 20 0ecemmostiich i s KBR00O

sterile using an et anol / f 1A@ALX echni que. The pl at es

e then incubated at 37 degldes C, overni ght. THe

colonies were counted on the plates containing between

T mnockpdfifion afointre oxidei i theCElrBalY nRGi hedre tHAE dBEBIBEthe arsenic
olonies fromthe least dilute plates were used in

of €
qdﬁg%%la@ﬂ}t&t)mﬁscﬁrbpﬁe plate counts are nultiplied by
the dilution factor to obtain the

Example 13
pH Stability

The pH stability of the mesoporous iron oxide was found to be greater than that of the

granulated oxyhydroxides such as Bayoxide E33.

Experimental:

The pH stability of mesoporous Fe,O; (Example 1) was compared to Bayoxide E33
(FeOOH) available from Bayer. A quantity (0.2 grams) of each oxide was added to 50 ml
of 102 M KNOs. Solutions were adjusted to pH 3 and pH 7 using HNO; and NaOH and
place on an agitator for lhour. The agitator was enough to provide gentle swirling but not
enough to totally suspend the material. After agitation the oxide materials were allowed to

settle for approximately 15 mins, after which time a sample of supernatant was taken and



final result. Sanple Av Log E.Coli (CFUL) T =0 Hs T
=2 Hs T =4 Hs Control 10.1 10.1 10.2 BP2000 10.0
WO 2058484 e (Exanple 2) 10.4 7.5 6.3 The concPCBAUZ00#S01523
that the BP2000 alone is slightly better at reducing
E. Coli levels than the conposite material.- 27 -
Exanpl e 12 Renoval of arsenic with nmesoporous iron
oxi de/ carbon conposite. Experipgent: 0.5 g of
mesopor ous iron oxide/carbon conposite was added to 50
m s of an arsenic solution. An initiaL arsenic
AR /L. was. yused. The suspensi was ., .
aggll?ft? at e&ﬁ‘%gg& aCfP {)I?Sﬁ&orﬁ? %g'o trla?paﬁ%dc;x Yt es.n\gﬁfestﬂers V@Enight prior
tomepheemamafniadracincemRichivid FIFPHOLY. 45 micron) and the
arseni c concentration neasured using | CP-ECS. The
results of these experiments are shown in the table
Relpw. Result: Arsenic renoval (% Initial arsenic
cone. (ng/L) Fe /BP2000 conposite BP2000 (UfL) 100 23
5 Mterngitativecnpiodigt wesipreserit imboth sampleb nomtainhey thaBagexide E33 whereas

' h ouhl ed .t he arseni c adsorbing ability
Pl Rt B BB, 250
Thiedfinl dohyer@atibieintRS SRGHRH Supdra ek d ﬁldﬁ@ﬁvé 81"5‘1@ cfegraaﬁtion of the
y es suc

.greater than that of the granul ated oxy r oxi
g ogg@y: matpdalEare shown in the following table:

Iron concentration in supernatant.
pH CSIRO Fe203 Bayoxide E33
3 0.80 53
7 0.25 5.8
10
Example 14
e Water Treatment — removal of arsenic using mesoporous iron oxide and
15 mesoporous iron oxide/activated carbon composite (comparison basis 1 g/L

each adsorbent).

Experiment: 0.5 gram of mesoporous iron oxide (Example 1) and Bayoxide E33 were
separately added to 50 mls of arsenic solution. Three different initial arsenic
20  concentrations were used. The suspensions were agitated for a minimum of approximately

19 hours. Samples of the supernatant were filtered (0.45 micron) and the arsenic
concentration measured using ICP-EOS. The results of these experiments are shown in the

table below.

Arsenic removal (%)

25

Initial arsenic conc. (mg/L)

Fe,0 (1 g/L)

Bayoxide E33 (1 g/L)

100 35 29
500 13 10
1000 7 6
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Experinmental : The pH stability of mesoporous (Exanple
1) was conpared to Bayoxide E33 (FeOOH) avail able from

w@20p8/044448 quantity (0.2 grans) of each oxi de wesT/auzi®g001523

to 50 mM of 10 2 MKNO . Solutions were adjusted to pH
3 and pH 7 using HNO and NaOH and pl ace on an agitator
for I hour. The agitator was enough to provide gentle
swi rling but not enough to tqt@l.ly suspend the
material. After agitation the oxide materials were
allowed to settle for approximately mins, after which

| a e ernat ant was taken, and- 28 - .
Vbt SEHHR Forle RARRACHER, "Dhne RS pTE Siehty refiuced bacterial
®laoipties prepetics helativefol the ieisth@ RbrtdhiRitedisl ARRS YiEBIAys enhanced
of [ron concentration via | CP-ECS. Results: After

A pelsombing  yPBeTEgS \ghwng rthes satbon ndusd tfinefiomelitys for water treatment
j N t ' . r .her, two

e S P T e e

concentrations in the acidified supernatant are

Throigtatt vies epedifieatidaginddint | dimef whitk folow, Qxlesiethe context requires
nﬁqt{gtlals are shown in the following table: Iron . .
QRrREss: the WA "FomBISSer FdrvariptionsiuclspRISoREEes Bl rewprising”, will

H%%ﬁ’ldg’rsﬁ)oggo ﬁﬁglg/ e fmlRich o'%’é%@?écfin}eéer éﬁ%&i or' %?312 ﬁgﬂﬁeg—ers or steps

renova arseni ¢ usi ng mesoporous | Fon oXi
bt sotbe exdusiomof ayi atkdrantegaratr sdpeaighap fanpess besteps.
(conparison basis 1 g/L each adsorbent). Experinent:

.5 gram of mesoporous iron oxide (Exanple _ 1) and
oy Sille? e e i Lepperciata st BdevEnfion Sesaribsd Berein is susceptible o
@fiﬁﬁ&is%nﬁ%éﬂiﬁ@ﬁiong_gﬂﬁ?gﬂhfp&%‘é EEéciﬁEHlfy] c?elscﬂe%ig M f to be understood

concentrations were use Spensrons Wer
thayi thatiederftion imchides alinsuoh vapiptiensi amt elodifi@tibasr sThe invention also

.S | es, of .t he super nat ant re filtered .45 m cron
naﬂggetsmil %{@Qrﬁ% s, reatures, compg\gtlons, structures al(’lg compounds re%erred to or
indicated in this specification, individually or collectively, and any and all combinations of

any two or more of said steps or features.
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concentration neasured using |ICP-ECS. The results of
t hese experinents are shown in the table bel ow

woe®enia4s enoval (% Initial arsenic cone. (ngPCl/AB200@001523

(1 g/L) Bayoxide E33 (1 g/L) 100 35 29 500 13 10 1000
7 6- 29 - Mesoporous iron oxide/activated carbon
conposite shows slightly reduced bacterial adsorption
properties relative to the subgtrate carbon materi al
al one, but di splays enhanced arseni c adsor bi ng
properties giving the carbon dual functionality for

nt processes. These properties are

%‘gitlfqpn%%gmhe next two experinments. Throughout this
speci fication and the clains mhich follom1 unless t he
]ﬁgqéext re uires othermnse "conprise”, and

Yretoti sbc’ﬁn% hesneq. iésp37§r(él95'ldorrpr| sing”, will
be understood to inply the inclusion of a stated
i nteger or step or group of integers or steps but not
Brigaver dd. uiSinoretipP. HnyndThitsr, Enf eger Clm. Soeps®B0g( ms).of
integers or steps. Those skilled in the art wll
appreciate that the invention described herein is

Clus&apLip! €. O Riysi RhARNS. andamodiphi Cﬁ;s r%ggst 5 %@Qg, Karam;

those specifically described. 't s to

Liaga+Rodhel Mav@arbon H0i2A¢7-3883 2402. such varl ati ons and
nodi fi cati ons. The invention also includes all of the
steps, features, conpositions, structures and

PeRVIqEa) EfiS A eQrih@, Ibsd Mdhed! REL1I @oﬁ&b&on Balek, Vladimir; Subrt
speC|f|cat|o i ndi vidual |y or collectivel y, and ‘any

amdonmal e ibwsenesns eosmisrdpcieln 28227228 b(2093).d st eps
or features.- 30 - BIBLIOGRAPHY E.P. Barrett et al. J.
Amer. Chem Soc. 73, p373 (1951). Brunauer, S.;
Ressretd Olier, LR, Riydicdled dserptiok, 1. Wileynd SBT@”Ne@QCork @9964)
309 (1938). diviera, Luiz C A ; Rios, Rachel V.
A.; Fabris, Jose D.; Garg, V.; Sapag, Karam Lago,

sho @?@ég Md I@%Q@“A@so?ﬂt?o% gv]'i%gce A0 ana Porosity, Academic Press (1982).

2

S. Lowell and J.E. Shields; Powder Surface Area and Porosity, Chapman and Hall (1991)

Schwickardi, Manfred; Jaohann, Thorsten; Schmidt, Wolfgang; Schuth, Ferdi, Chem.
Mater. 14:3913-3919 (2002).

Tseng, Hui-Hsin; Wey, Ming-Yen, Liang, Yu-Shen; Chen, Ke-Hao, Carbon 41:1079-1085
(2003).
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Per ez- Maqueda, Luis A.; Criado, Jose Manuel; Real,
Concepci on; Balek, Vladimr; Subrt, Jan. Journal of

wWao b@sBunaepean Ceram c Soci ety, 22:2277-2281 ( ZDORADU2004/001523

Ross and divier, J.R Physical Adsorption, J. Wley

and Sons, New York (1964). SJ. Gregg and K Sing;
Adsorption, Surface Area and Porosity, Academ c Press

( 982). S. Lowell and J.E Shisgl.ds; Powder Surface

Area and Porosity, Chapman and Hall (1991) _

Schw ckardi, Manfred; Jaohann, Thorsten; Schm dt,

(‘ﬁg%%\g ng; Schuth, Ferdi, Chem Mater. 74:3913-3919

(2 ? Tseng, Hui-Hsin; Wy, M ng-Yen, Liang,

Yu- Shen; Chen, Ke-Hao, Carbon 47:1079-1085 (2003).- 31

- GLAIMS: . A netal oxide/ hydroxide or conposite netal -
Toxi dég‘ AR Ridréhydaeds ar campasite snatey exidelhydiowidenmutitdriabdomprising

to faCdl = Ity Q. t er nal . .
et P R E Al o LoRBRAE R LBl srsisappent seid metal
mat erdxéde/iyavoxide ar dunglosiiemereeinbhs/igy £highnesbp&eIPashlt

met al oxi de/ hydroxi de material conprising a substrate

with a surface nodified to facilitate co-continui Eéy to

2an et 5MPbsiRMb:PHIBILy BOL I8 | L&1€ with

mat eri al th)Stlached to, b}(/)und Wnﬁ%rgi g?ﬁ@ﬂﬁﬂg?ﬁs@@é‘tmg.\m’c a surface
assodiedifer Wt faclitited eoudrstinaite toueslh dxtahalt hﬂviﬁclﬂﬂmsldrﬁ a metal
mat er | intains, co-continuity tq an external . ) .
envi r g%iﬁe/ﬂr?t%?o &e Eaﬁé{agﬁgﬁeg g?’h xWVHRINNQY: thpryyise associated with
accorgidngutis@ate! fich thah @ B8mBodRS ARALAY SnAhGhsIEE B RInuity to an
than 150m /g. 4. A conposite netal oxide/ hydroxide

nat e €XERMa} EBYFUIMRRLt 0 clai m 1 havi ng a mesopor ous area
greater than 800m/g. 5. A process for generating a

met al oxi de/ hydroxide material with a surface nodified

3to facmetd akedefteydesxidd muietiy] 4c2oftin@id Elaiill 18RMIg £ HBBSorous area
conprising treating a metal salt wth base in an

aque8fat NA%®BrYEa tine and under conditi ons
sufficient to precipitate netal oxide/ hydroxide in
sai d aqueous nedi um renoving water from
A composite metal oxide/hydroxide material according to claim 1 having a

mesoporous area greater than 800 m*/g.

5. A process for generating a metal oxide/hydroxide material with a surface modified
to facilitate co-continuity to an external environment comprising treating a metal
salt with base in an aqueous medium for a time and under conditions sufficient to
precipitate metal oxide/hydroxide in said aqueous medium, removing water from
the aqueous medium by evaporation to provide a solid residue, and removing salt
from the solid residue to thereby generate said metal oxide/hydroxide material with

surface modified to facilitate co-continuity to an external environment.

6. A process for generating a metal oxide material with a surface modified to facilitate

co-continuity to an external environment comprising treating a metal salt with base
in an aqueous medium for a time and under conditions sufficient to precipitate
metal hydroxide in said aqueous medium, removing water from the aqueous

medium by evaporation under conditions that convert metal hydroxide to metal



t he agueous nedi um by evaporation to provide a solid
residue, and renoving salt fromthe solid residue to

w0 b@sebpigener at e sai d netal oxi de/ hydroxi de nBCBAU2104/001523
with surface nodified to facilitate co-continuity to
an external environnment. 6. A process for generating a
nmetal oxide material with a surface nodified to
facilitate co-continuity to amppexternal environnent
conprising treating a netal salt with base in an
aqueous medium for a time and under conditions

suffi t t al roxi de. i

S obsTAE! BoPE S SHIELSTR, ahy BB G, B i g psane o
by e\lhfpebjagermnatel rsaidrm@t@lnd}nﬂe AidSertd avitie @tﬁl’a%étm(;ﬂiﬁé’d to facilitate co-
hydr oxi de 2 - oxides to provide a solid

resi GqBUN é{&oraa eRAT¥ebm t he solid residue to
t hereby generate sal d nmetal oxide material with
surface nodified to facilitate cocontinuity to an

5 Text ep%@roceswfqrcgmsnung . métab hpdresklef matef@N@itAtd AgfRe modified to
metalf with a surface nodified to

facil "iwtl e Ccoocoé](r)lﬁ{lm%{ﬂ 1 extgmal enxiOBIeH} CRIRRAiSiRg HEHIng a metal salt

CONMPRiith #®atd Bohd AGieduiTRicd un§%1t a Wridladd PAGE doﬂdﬁ’l'ans sufficient to
aqueous nedium for a tinme and under condition

suf f PEgedmitate el duidpixida in saitladquinguly oneilien, merrmamg water from the
aque HRm wat er, from ueous nedi um
bs e\% gpg 55531:1 SR \%&%89% Wider tcﬂﬁiht‘laﬂs ﬂ‘g’f %eo‘m &ppvert the metal

10 the hydmhdeytdrrﬁ&aﬂexﬁl@ tcb‘?kﬁhdepé's@ﬁd tr8sidhied \uhd ?eﬁoﬁﬁ% sdIt from the
residue, and renoving salt fromthe solid resid

t her &R gevidieaie thuply @étl%fﬁteh%d oﬁ@fffdb hydtoxideamapdriah with surface
surf ﬁfo%liﬁ%bffbﬁﬂta{eocof(%ghh{ﬁ OF an exi O%lt L0 ﬂ%ﬁ%‘{t? ngna

ext ernal envi ronnent pr ces
conposi te netal OX|de/hydrOX|de naterlal wth a

surf ce nodified tqQ facilitate co-continuity to an
8 ext eArIPCRA (AT GHAFBHRE & EerpPesiempetalraxide/iraxife materighwith a surface

15 Wi t hnpdfagiBol fRciBRAtAQHER R u R & Ihﬁggkt{égfa g%\ﬁh%?rgetﬂggoﬁf)rlﬁng treating

substrate with a surface nodif
co- cametalsplt yitho base éxereaquebuemetivonietht piesende dfiagibstrate with a

and under congdi fficiept to preci te metal
OXi dgvfrﬁa%a 3169(41 ﬁ%‘i @Wﬂﬁ‘% R GOWRPERUEY hin £% eﬁ&ﬁéemonment for a time
medi and l&hdﬁVacﬁﬁllitﬂirﬂs Ofuffi el @beéﬁlp?taéohfe%l %é?l'rl?%r&flde removing

net al oxi de hydroxi de attached to, boun
ot hePes &oas the eiqnaeasd mgdium banedaporatlon to provide a solid residue of metal

20 oxide hydroxide attached to, bound within or otherwise associated with said
substrate, and removing salt from the solid residue to thereby generate said
composite metal oxide/hydroxide material with surface modified to facility co-

continuity to an external environment,

25 9. A process for generating a composite metal oxide material with a surface modified
to facilitate co-continuity to an external environment comprising treating a metal
salt with base in an aqueous medium in the presence of a substrate with a surface
modified to facilitate continuity to an external environment for a time and under
conditions sufficient to precipitate metal hydroxide, removing water from the

30 aqueous medium by evaporation under conditions that convert metal hydroxide to

metal oxide to provide a solid residue of metal oxide attached to, bound within or
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substrate, and renoving salt fromthe solid residue to
t hereby generate said conposite netal oxide/ hydroxide

woradososaks wi th surface nodified to facility — PCT/AU2004/001523

cocontinuity to an external environment. 9. A process

for generating a conposite netal oxide material with a
surface nodified to facilitate co-continuity to an

external environment conprising.treating a netal salt

with base in an aqueous nediumin the presence of a
substrate with a surface nodified to facilitate

cont i g t 3 nvironment for a ti d .. .
underd%%%cﬁryy |etafg%(ﬁ'2at%%@|5§? léln%eubtg%atﬁ’r i oAt q,?itt%?mqﬂe solid residue

hydr dgithiecby gereviie gaidaoatpobited Metd @ xaltuaMetalwih WRARe modified to
r _conditions that convert netal

evapgrah.j@?n und

hydr S&7'dE @-TRIUMEY I Hecxternglepyirgementsol i d r esi due of

nmetal oxide attached to, bound within or- 33 -

ot herw se associated with said substrate, and renoving

18al t 4 maeaesh dors gérietatingsi dompbsitd et tydgedds aigeridiwith a surface

co 1 tal..oxide terjal with surface nodified . )
to 1 A fedTouReiale oeritietyrls alpisma caronment comprising treating

envi raane@hialt With bAselihMeRBebHR mEGRY @l thd - .
met al hydroxi de materi aleﬁl\%iet h rg surface %%%Flft"igemgoaf%dbgtmte with a

faci IStfageemedified e fasilitatp cootimwityetot @y extbrnelnerivionment for a time and

co 1.5l ' tal .salt w ase in _an,

COMP GG LBl TEL AL B P By B85, nPing o fom e
sur f agaecmvdhédied Byoevapotdtiohalrlet 0ohdifibhst that Bo ddt convert the metal
ext eﬁjgal ec{m ronment for a tinme and under conditions

suf f PYFEORtde;ty mytel gxdertatnsovide alsokd msisiie @6 matal hydiaxdde attached to,
wat e : L: . 1€ ration _under .

1ot boBOTHEoPGNES, EEALUON LRSI AL 1 4R 8o st om
et altheosolideretidueptoatherdby gesehte daikladingiositOmeti hadiroxide material with

hydr oxi.de att.ached. t, bound within or otherw se
asso é?rg‘i’cgdn@élﬁﬁé]@a@%‘ﬁ?ﬁ%%'f‘%Ptt’él,“ltéi 121 SHERRRhYvirgnment: om
the solid residue to thereby generate said conposite

metal hydroxide material with surface nodified to
1{aci A praeess gecarding itmariyt gnet of daimexst terhahereimvthe oate id renfdved from

procgss cordi to.any one.of clajnms 5 to 7 wherein
t he \i\ﬁ%taeq;ﬁ&lﬁg @%ﬁ%@@gtﬁ?%‘?ﬂ%ﬁ:ﬁt@%ﬂﬁé@@ts nmedi um by t he
application of heat. 12. A process according to claim

wherein the aqueous nmediumis heated to a
12" A process according to claim 11 wherein the aqueous medium is heated to a

temperature of from 100°C to 110°C.

13. A process according to any one of claims 5 to 12 wherein the salt is removed by

washing the solid residue with water.
14. A process according to claim 13 wherein the washed solid residue is dried.

15. A process according to any one of claims 5 to 7 wherein the metal oxide/hydroxide

has a mesoporous area of greater than 100 mz/g.

16. A process according to any one of claims 8 to 10 wherein the composite metal

oxide/hydroxide has a mesoporous area of greater than 500 m?%/ g.
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tenperature of fromO Cto . 13. A process according
to any one of clains 5 to 12 wherein the salt is

wo 20meved4dy washi ng the solid residue with watBCT/ALZ004/801523

process according to clai mwherein the washed solid

residue is dried. 15. A process according to any one

of clains 5 to 7 wherein the netal oxide/hydroxi de has

a mesoporous area of greater -shan 100m/g. 16. A

process according to any one of clains 8 to 10 wherein

the conposite nmetal oxi de/ hydroxi de has a nesoporous

area of greater than 500 m/g.- 34 - 17. A process

according to any one of clainms 5 to 16 wherein the

Ifet alA Qedcbssi acendimgabd ety fone 0f tladm$ 8ltd de svHeesid the metal salt is selected

chIo des, . hr,om _des and i odi des), acety
ac et @%e halsha?sp 8y 8Rlorides, Suarides, bromides and iodides)i @F‘@?yl acetonates,

cyanisgdBhide§ 2
Cyar sigmiacns il sl thicll QO 055y, promsines,

Corrprdinél ¢pgta|t@| @‘@énansmmanncim]s elesieats amd bme]aiataﬂts&ﬁﬁnpnsmg halogen
I odat net and transitio taI anl on such as,
per rré’%é%rﬁg? (au gﬁﬁlpgte a %42’:5 T&] 5 gtal oxoanions (such
oxoank ?&malﬁgaﬁi’te a&lﬁ”@?ﬁhﬁeaﬁldaﬁlgerﬁ@é)b&?ﬂy&g&ﬁé dxBatons, such alkoxides
et hoxi acetates and palmtateés pr ocess$
accorgf ﬁgr‘b@éylaﬁqg‘/ (o ethoidas Acaiatd alnd palmitates).ei n t he
netal salt is treated with an oxidizing agent to pl ace
it in a suitable oxidation state for oxide/hydroxide
1Bor et poesslfdcondingr tocRy oneeERlAine S thol 7anlerditeth®imetal salt is treated
claing 5 to 3&5 wherein the netal salt i s doped/ m xed
wi t h VEHeaeXigiging agant oinkkaIit ea syitablenpstidationatate for oxide/hydroxide
conplgXgsionr ot her chemi cal species to confer
desirable properties on the netal oxide/hydroxide or
corrposi te netal oxide/hydroxide material. 20. A
rocess _accordin a one of clai 5 to 19 wherein
Phe. BngeSiess 25 iBRdo; b GHnict HaE. 5o 1A grepiBgbe metal salt is
ac coigdpetimbdGhh Bhe Or WRE GiMHbAA rﬁ&ﬁl@ gta? %itl%c'i:Sﬁilplexes or other
from sodi um hydroxi de, potassi um hyd roxi de an
anmohermical spegies de. confer desirable properties on the metal oxide/hydroxide or
composite metal oxide/hydroxide material.
20. A process according to any one of claims 5 to 19 wherein the base is a strong
inorganic base.
21. A process according to claim 20 wherein the base is selected from sodium
hydroxide, potassium hydroxide and ammonium hydroxide.
22. A process according to any one of claims 5 to 21 wherein the amount of base is

chosen such that the final pH of the aqueous medium is in the range of 7.5 to 8.5.

23. A process for preparing a metal or composite metal material having a surface
modified to facilitate co-continuity to an external environment comprising
preparing a metal oxide/hydroxide or composite metal oxide/hydroxide material

according to the process of any one of claims 5 to 22 and subjecting the
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22. A process according to any one of clainms 5 to 21
wherein the anount of base is chosen such that the

WO pwalo44ai8 of t he aqueous nediumis in the rangeCDAUZ005001523

to 8.5. 23. A process for preparing a netal or

conposite netal material having a surface nodified to

facilitate co-continuity to an external environnent

conpri sing preparing a netal -ggi.de/ hydr oxi de or

conposite netal oxide/ hydroxi de material according to

the process of any one of clains 5 to 22 and

subj i S [ naxide or conposite i

e S|y oPecm SO U fofie SR e that the oxide

hydr dwyidteidess reelduabd thocdrhgpendingspandi ng netal . 24. A

met hod for renoving toxic conponents from an

envi ronnent conprising contacting the environnment with

23, nret@lmakbd ing etk | a : .

oxi de/ hydr ox ?gﬂ%@%ﬁfp i %dg%‘i S"B?%?ﬁ%fﬁi ﬂg?%c%‘“aieﬁ%“?lmf“&nt4f’°mpnsmg

Z r Wicpn,taqt:m ﬁmogm?tongfenanyitlﬁmemtail chaderBydrokide 28 c@hposite metal
nmet catal ysi ng a chenical reaction in a

r eactolggc%/hlsfg%)lxb%] €5 }Ifggﬁonad‘yc%‘ﬁtoig’clqlﬁlﬁ et gxith g product of any

medi vk of élhing It oxi de/ hydr oxi de or conposite netal

oxi de/ hydr oxi de according to any one of clains 1 to 4,

or wwth the product of any one of clains 5 to 23. 26.

metah facturin .syper capaci t or conpri si ng ..
2?nco rAp g%gﬁdng@iqﬁag}%gﬁ% Fachléa%é?aq Srg?cgm et 5%&9;‘8??8?@“‘5’ comprising
nmet akomtadtohg/ thy deaokbnl encdiunt GATIOS i eal BXid@/hydroxide or comgosite metal

oxi de/ﬁ%&& XI }%(eg according to any one of clains 1 to
or wok oF ARGeerdime Ry swe Atclaimgilnte 4 or gviigthe product of any

one of claims 5 to 23.

26. A method of manufacturing a supercapacitor comprising incorporating into a plate
of said supercapacitors a metal oxide/hydroxide or composite metal

oxide/hydroxide according to any one of claims 1 to 4, or with the product of any

one of claims 5 to 23



