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Fabricati on O A Densely Packed Nano- Structured

Phot ocat al yst For Environnmental Applications Techni cal
wWo-e@b@s34Phi s i nvention relates to the purifi catPOrSe1005000400

fluid nmedium and nore particularly to the absorption,

reduction or renoval from water of organic pollutants.

Background Art Titanium di oxi de can be used in

phot ocat al yti ¢ degradati on of organic conpounds, as

deschbchith Of A B agrmk@& NaholStrudtRACPRIBLthl et For

degra tron and su uent adsorption characteristics

of hum c acids", WimevirdamarigleApplicatiookhnol ogy, Vol .

34, No. 9, pp. 65- 72, 1996. Carey et al described how

hum c acids, which are aromati c conpounds, are

degraded into | ess aromatic and sinpler conpounds

t hrough phot ocatal ytic oxidation. Mst of the

| abor at ory reacti ons inﬂ’@tluécald?iﬂﬁing a suspension of

arti uI ate. tit um.di oxi her ot ocat
TSl it it 6 PR MRS Rt B RO B B lfffflg to the
abbdiplio reducloR 6r fepiwel fre waﬁér%fl@agm@p?cﬂlubaﬁt@r oduct s.
di sadvantage of this procedure for commerci al
purification of water is that the particulate titanium
di oxi de woul d have to ly renoved before
the water could be usegiﬁa%&ﬁ&gﬁ/\oul d be either
Tigaﬁﬁms_ s diokide daanmsvehi 1hiphbwed1tylyafg ﬁegtadatmn oflongid ¢dnqmd émm, as
i oxi de particles are_extrenely . s i ze an ,
depgived gt} Ié Fangdlief ¢/ 1n+RW@C’c}@Y&I%é%M*@n&n3 sdeqynt ac?sorptwn
Chg{%ot ochem cg{m%\ée%gﬂdz?fezﬁ?g %%yo%éﬁéﬁ%h%g%rﬂ{oalﬂ 354 yr?dg pp. 65-72,
19@61 Careyreya/hies@ded hywrhemiv ecldd, vdriclt dre amimrtlcxcompouhds; bre
ani c ter al s .are | ocate cts of
AeBan O I FOPGTS AN BT BRPOH s PicgheEr RIS frdgtion.
anel i orate the di sadvantage of the prior art. It is
anot her object to satisfy the aforenenti oned need. A
Mesirof Heerlalgdsptecy reastians ipyrobud emagprispdnsian of paitigulate titanium
dl(ﬁééé A ﬁﬁ]gf (égot?gq%%gtg] %6?%%()el}ldt}.ilgt§{’,flﬁ% er&:éat%gilr?%?rdg?ﬁg%oilutants that
aré VR SonOetddiBtccharSlees By-betRMcR. Rlidaaeatt@dedfithis pasRaieYor

conprisin gf
commercial purification of water is that the particulate titanium dioxide would have to be

subsequently removed before the water could be used, and this would be either
impossible or prohibitively expensive, since titanium dioxide particles are extremely .

small in size and do not settle readily.

There is therefore a need for a photocatalyst which is highly effective in photochemical
degradation of organic materials and which may be easily removed from the matrix in

which those organic materials are located.

Objects of the Invention
It is an object of the present invention to ameliorate the disadvantage of the prior art. It is
another object to satisfy the aforementioned need. A further object is to provide a

practical fluid purification system for either commercial or domestic use.
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- a first photocatal ytic sem conductor |ayer; and - a
materi al selected fromthe group consisting of a

woreaoalo54984 net al al |l oy, a netal oxide and m xt UPEESG2005/000400

thereof, said material being disposed on and/or in
said first layer. The photoca@alytic assenbly may
further conprise a second photocatal yti c sem conduct or
| ayer di sposed on and/or in said naterial. The first
and/or t he second phoﬁhnmhahwoﬁhnmnhmmonductors may be

%O%St r Ug?gﬁ'}g ﬁ%‘gﬁ; an ﬁwgeolgn %ﬁgh e ﬂé)??%/a&ag}dlc assembly comprising:

phﬂt QGRS PNt AtaBRIE SERNIMEEQbr 190er! AndTBY be different,
and the structure of the second photocatal ytic

sen eonadecilceletiay dronmhy ghmipt doasistmgeoammeta ashetaballaxyea metal
of the. at al yt.i.c sem canduct or | ayer. or i
ohy ' Bidsien spiBites R0k il i) BAng dEb@isdmiand/at in aid firs

phot@%@&alytlc sem conductor |ayers may conprise
titani'um di oxide or it may conprise zinc sulfide or it
mwhetmﬁaiyye asssoibliemay dirtheb bemptisst osssond phdtecatalytic semiconductor

dcondgct or 4/ The f Ed/ or second photocatal ytic
ﬁ]@BWﬁ s i -V S ﬁﬁ& I8npri se nano-struct ured

titani um di oxi de. The titani um dioxide may have an
anat ase crystal structure. The first sem conductor

ﬂh&;féﬁ angipr He S@@@@cphmqqqta?ﬁ@ searieondagtorsgray b@nmséwpmred The
Fﬁ&ﬁd@%&é}cﬁ& s g%rﬁ @@c?or thi A t‘fdg%g ?%H‘{;étﬁ%g &lh cata

stiécontiicesd @lit magbé al\f&reht,l anylehe stfuctire oﬂﬂie&eccaid ﬁﬂmejoammlc
The material may be a nmetal or a metal oxide or netal

ST ucéwda}ﬁ@aynaaebestép suneep the shnetwes of thr farst phaipeatalniic

sEhidhBRE IpR TRPeo Affordt THR firfl ol gf2 soplh pijocatalytic
sBiniduindditor IRyerimajizpmptist fitanimydioxide we ftahayootniierise ziol slfide or it
oG 2eib SaphitoGHaEE s iiPHBI Gt i b &ndlpppecond
pﬁbeswa@ﬁcfsaﬁrcsﬁauct&hgy&g AR 'c&mﬁﬂsé%alﬁruﬁﬁ}‘ed ﬁlﬁﬁlﬂﬁﬁdlomde The

| ver, platinum group netal s, roup netals, Ir,
tmmur@shomlﬁ mgy hax@an mtasawstaawstrqchlragﬂmfu@hﬁenemndugtnelayer may

qce)r 1@%66' IﬁﬁtterglglF 3x|p alné %'éaZBy :,fc ?n & Qgﬁ Hfgeta r(rﬁt semiconductor
Idt}&y Gf the st seecopdegeayer ey ok Be daped With B atdiiil Mddhve a

layer of the material thereon. The material may be a metal or a metal oxide or metal alloy,

and may be selected from the group consisting of transition metals, Sn, Pt-Sn, Pt-Mo, Pt-
Ru, Ni-Zr, Pt-Rh, Pt-Ir, Pt-Ru-W, Pt-Ru-Os, Pt-Ru-Sn, Pt-Ni-Ti, Pt-Ni-Zr, Pt-Ni-Nb,
platinum group metal oxides, gold group metal oxides, tin oxides, tungsten oxides,
iridium oxides, rthodium oxides, ruthenium oxides and mixtures thereof. The transition
metals may include silver, platinum group metals, gold group metals, Ir, Ru, Os, Mo, Zr,
Cu, Nb, and Rh.

In an embodiment, one or more additional photocatalytic semiconductor layers, and
material disposed on and/or in said layers, may be present. The material in the additional
layers may be the same as or different to the material in the layer on and/or in the first

layer.
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| ayers may be the sane as or different to the nmateri al
in the layer on and/or in the first layer.In a second

W@epens496§ the invention there is provided a PCT/SG2005/000400

phot ocatal ytic entity, which gonpri ses: - a substrate;
and - a photocatal ytic assenbPy according to the first
aspect, said assembly being disposed on, in, or both
in and on the substrate. The photocatal ytic assenbly
Inaysemmdtdsperct obiprineation Seoois prghdedocpliciooptalytid enigy, which
sposed on, in, or both in and on said material. The
Cﬁf%’ 5%t al ytic asserrbly may be on-the surface of the
substy db@rdE; anli My be within pores in the substrate

_or it may be partly on the surface of the substrate

and parhotocatal ttivi assqpare scdondihp & thalfsitraapeet, sridi assambly being
attached tp sone tﬂgr rt of the substrate. The

phot GESROSF r}’&“’%gg Pﬁgﬁiﬁﬂ} tﬁ%ﬁ‘{ sffatepat the substrate
or it may conpletely coat the substrate. In a third

aspect of the invention there is provided a process
%rphnmaﬁabfha ammbéjcmau Ifwthem cempiise/a sesandipimtocatalstic layer disposed

st e depositing a first
{%?8 §?t§| yfn? OI%%aﬁ?glgge&%tor | ayer on a substrate; and
- dep03|t|ng a material on, in, or both in and on said
first said material bei r;%@selected fromthe

&hﬁt%@%bﬁlgtaﬁwglbéw mgy he oalthe wrigge af thg |suwrateaprriémay be within
FRRIE L USRSyl QU SaEEh B by witin
m&isnn gleasubhtmmmaﬂt alaytbeattecHed iy sorg@ bﬂleppmeﬁme substrate. The
ngth st eps epaositing . a first

Pg‘ﬁg’%‘lé igjagse hévélﬁwalﬁw%tﬂ uRsiiate s ibmay, paipplgiely coat the

<ofdtdid ayer conprising a materi aI on, in or both in and
on said first layer, said materi al bei ng selected from
the group consisting of a netal, a netal alloy, a

e R R 80 T R Sy
cRABL 96d@HhAl s omprising the steps of:
— depositing a first photocatalytic semiconductor layer on a substrate; and
— depositing a material on, in, or both in and on said first layer, said material being
selected from the group consisting of a metal, a metal alloy, a metal oxide and

mixtures thereof.

In a fourth aspect of the present invention there is provided a process for making a
photocatalytic entity, said process comprising the steps of:
— depositing a first photocatalytic semiconductor layer on a substrate, said layer
comprising a material on, in or both in and on said first layer, said material being
selected from the group consisting of a metal, a metal alloy, a metal oxide and

mixtures thereof.

The processes above may further comprise the step of depositing a second photocatalytic

semiconductor layer on, in or both in and on said material.
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sem conductor layer on, in or both in and on said
mat eri al . The process of depositing the first

wWebwbosasal yti c sem conductor | ayer may conpriBET/SGEHN00400
nore of the followi ng steps: - imersing the substrate
in a solution of a hydrol ysabl4e titani um species in an
organi c solvent; - renoving the substrate fromthe
solution; - exposing the substrate to air or sone

The Ipercegst depnsiting ihedinsathetocatpydiersemacraiductbelayémyay ¢renprise one
substr fﬁﬁe yth a first layer. The hydrol ysable

Offl}ogﬁﬁ?]ﬁ P BE SIERY be an a C1 to 06 straight chain

or_ branResl Hekayitite ind3\G M &%ggd{;ﬁgkéé@ge%/tﬁg?iﬁ&%gﬁé%n an

or tertiary alkoxide, or it may
hydr ofgeséddodvent;t ani um speci es. The material may be a

nmetal or .a tal oxide o tal alloy, and may be

sel eE?rEH‘”ngk??ﬁ %“:h%tr'ﬁ? gﬁﬁl %Srﬁ@i“ ?ng of transition

et al : - - ) - Pt -
g e g iy g i o

Pt— NiheMimg thk atbstrate witloa firstédyat. oxi des, gol d group

net al oxides, tin oxides, tungsten oxides, iridium
oxi des, rhodi um oxi des, rutheni um oxi des and m xtures
. . . n V r
D A R P o T o CPSr AR, Sl orggehed
aloxidey andGuay Mo a painthrRiseconideryirggrtiafy aliegode, tor itgnay beasoatre other
hoﬁflfﬁratﬁlr it:%ll .may be achi eved by precipitation,
VB PEg I YR ™ sREE Beconposi ti on or sputter coating,
or by sone other convenient nethod. The step of

depositing a second photocatal ytic sem conductor |ayer
Thamataigh maydes mitaber smefsh oxide phateinl aldexs gndmay be selected from

oSBT b8 DEr b gAYl P SO G RRLE s, e

RoFW, peRuady, IHt R SH) Fa MNdTIC PONi-Zaya NNy, fletidde gfodifenéld oxides,
or. different to the hydrol ysable titanium species to
£pld greurmictl ggidien g axédes; wagstehetidesairidiymixides, thodium oxides,

1: . i I- .
GO bRk st AHEALARN met A0l ipdBisiver,
phtidinr grotemeedy rdldsgonrmetils; o Run@y, Me, Zxj dieg Nbparidieh.

substrate. In a fifth aspect of the invention there is
provi ded a photocatal ytic entity when nmade by

The step of depositing a layer of material may be achieved by precipitation, impregnation,

photodecomposition or sputter coating, or by some other convenient method.

The step of depositing a second photocatalytic semiconductor layer may comprise similar
steps to the process of depositing the first layer, and the hydrolysable titanium species to
be used in making the second photocatalytic semiconductor layer may be the same as or
different to the hydrolysable titanium species to be used in making the first photocatalytic

semiconductor layer.

In an embodiment, one or more additional layers of the material and of the first and/or the

second semiconductor may be added to the substrate.

In a fifth aspect of the invention there is provided a photocatalytic entity when made by
the process of the third aspect.
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the process of the third aspect.In a sixth aspect of
the invention there is provided a photocatal yst

we@opise®shg a plurality of photocatal ytic enti®RCBESG2005/000400

according to the second or the_fourth aspect. Some of
the entities may be according 20 the second aspect and
sone may be according to the fourth aspect, or they
may be all according to the second aspect or they may
be all according to the fourth aspect, or they may be

ccordin ot.h the second an ouyth aspects. In a .
%‘&%’ﬁ?‘ﬁﬁ%‘;ﬁ BEPP i TR e gp OtpeatslyghFoipgistpe a phuality
ofpHoestafabytictpgtiadhdtordi @Rthe séBdhe bt BleSoufia gﬁﬂeﬁ 8ok of the entities

ozone in a fluid conprising: - contacting a
BaHPS acrosdiys to ie seeanidmgracs andhzonie ey ba speseding dmthedpursh aspect, or

AN t. i.ng t second or,.
PRTRAR BRIt AR SR8 o M FERT erge to the fourh
asped, phtheyomay bk ysdordingtobothibé @eahdhnd fouri@kbddys. i n
contact with the fluid. The hal ogens may conprise
fluorine, chlorine, bromne or iodine. The fluid may

Re: RLRR aﬁfeg'i ot ﬁ@ﬁ%\gﬁ’{gﬁ gxg&gi? gpcﬂr?@ééi Phefibd '@yd%%dg%{ganjc

other liquid, or i am or sone ot her

wateiialsphwjodees ai ozome in & flwid/cdmeprisine ot her gas. The

il lum nati,ng nﬁx use a wavelength of light, or mxture
of “weSPafasHBE ALIOrHtalyst arsondingde dhanth gsrpahiapd/or a photocatalytic
mat erd : ' t i.thit he

phot ceaisiscDRBERAe Bicod S FyiGipict, sARLAE Y s

| | Funilnmtinating say phetdcatalyat diddr phigtdcatal yeicleakityt €ontact with the
desired ., degree of degradation of organic matter,
halodﬁﬂg'or ozone in the fluid. The tinme nmay depend on
Tl SUUE il biBRis Mo, URIBrinl, SARRGE ihL e | N the
fluid, the Concentration of phdtocatalysts in the

suspensi on, the size of the photocatal ysts, the

Tl}%éfﬁl@é 'gnts lb%{l%at%%g r%?ﬁ Q ]aﬁ(f{ﬁohp gsleh %E %tgp%xyerﬁf’: go%?enoe&ngy liq%fid, or it
th@npestadn! be sl oBeMedpolia Ok Ariay Jd\&r 6£1 WH%{}%&%&S The
e flui

by means of suspending the photocatalyst int
fpminatipg ayaise ¢ wayslengtl of Héght, arindixture ofighvelensths, effective to

t al { [
T e
phbtosetphitiatentity. Theilhisihaiat @by bé fdrraaithé hdtablatod theldeSired degree of

eparating may be by neans of settling, filtration or
%gﬁgﬁqqq@g}rggﬁc g}attg% halogens or ozone in the %uid. The time may depend on

the concentration and nature of organic matter in the fluid, the concentration of

photocatalysts in the suspension, the size of the photocatalysts, the intensity and
wavelength of the light, the geometry of the vessel in which the fluid is contained,

temperature and other factors.

The contacting may be by means of suspending the photocatalyst in the fluid or it may be
by passing the fluid through the photocatalyst or past the catalyst or it may be by some
other means. The method may also include the step of separating the photocatalyst from
the fluid. The separating may be by means of settling, filtration or centrifugation or some

other suitable method.
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ot her suitable nethod. I n an enbodi nent, the
phot ocatal ytic entity is a surface at |east partially

w@oambeshoni t h t he phot ocatal ytic assenbly of thBCE/EGH05/000400

aspect. The contacting may be by nmeans of passing the
fluid past, through or over t Re photocatal ytic entity.
A photocatalytic entity in the formof a surface may
al so be used in conbination with a photocatal yst
Ia axc emblodignent) thdyghosocatahytasamticy is aldnefacedtiedt payialhy soated with the
jnclude the s t least partially renmpvjn .
PRPead °8$Se’a“i?§$%fgtgl? Fa‘Bﬁ’ﬁ agHech g8 PRlarHiETPRA %l"?f’ ?ft?ﬂﬁl% pfgpassing
hif padih t ' +aC i :
e e o ey BB IFH i F R PhlRfla e ity i the
foreokaaufage orayfalsotte usse sreeninationphith @ photatatalyst according to the
Sg{ﬁgosrdictng to the sixth aspect can be used to degrade
B adsorb one or nore organic materials, hal ogens
or ozone in a fluid.In an eighth aspect of the

I nvention there is provided an apparatus conprising: -
The meshastmex plye includetthe step efetleashpartially rrmnasdegprodaets of

t ngd/. otocat al yst according to the
dé%é?#“&?%@?@@% ﬁ%%%%é?’é‘? H‘anﬁl\kﬁ'i ch’ a fluid may be
contacted with the photocatal ytic entity and/or

ngot ocatal yst; and - a source qf illum nation disposed
photogalyHe assembliptrsering W the fiest asnerct §F aphptegatalytic entity
SBEPAREE HOMhont ot Akt Lyl Sl e i s
cad beutddve degradegrddadedsodyamic or maire brgahie, mitetialgdratogens or ozone in

when | W f) . h d ..
STRBE I SRR ot e i A i ompriin:
hot I\fic SRk
et Pl Akt ARG 10 ORAEA R 1ol ndor

mat ephatiosatallyst awgendmedo throxth aspect fl uid i n accordance

with the nethqd of the seventh aspect. The apparatus
may &dEA9Tdn M?%l%h acﬂwgrwebmw idy fhemhgiaratahiie enfity and/or

phot agabaiiiiiafti ty and/ or photocatal yst within the
apparatus, and nay al so conprise nmeans for the fluid

t o- entseurcaoflilbmiihatidnedigypped tillsmidktethepaowcbialytic entity and/or

gggf %E%{og@télgfet iﬁggﬁtgéta\%igl} Mntgm%ithtang/ré?e/ngh of light, or mixture of
wavelengths, effective to degrade organic materials, halogens or ozone when in
contact with the first or the second photocatalytic semiconductor layer of the

photocatalytic entity and/or photocatalyst.

The apparatus may be suitable for degrading organic materials, halogens or ozone in a
fluid in accordance with the method of the seventh aspect. The apparatus may
additionally comprise means to constrain the photocatalytic entity and/or photocatalyst
within the apparatus, and may also comprise means for the fluid to enter and exit the

apparatus.

The means to constrain the photocatalytic entity and/or photocatalyst may be for example

a filter which is capable of preventing passage of the photocatalytic entity.
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a filter which is capable of preventing passage of the
phot ocatal ytic entity.In an enbodi nent, there is a

WO e@oof9551 whi ch t he phot ocatal yst i s suspendeRCT/8G2008000400
fluid, and the suspension illum nated by the source.
hi anot her enbodi nent, the apparatus conprises a
phot ocatal ytic entity which is in the formof a
surface at least partially coated with a
Inhatabotimet, thereS£dpion incaaciineghbchiaBysf isisGipeddgieiatthe fluid,
The means to constrain the photocatalytic entity may
g thesuspensimHpmingad ydhe siEcohot ocat al ytic entity and
anot her portion of the apparatus. For exanple the
photocatal ytic entity nmay be attached to the walls of
In anethet @nbddimenig the\mbpz{rhtut kkembtisdsch Iﬂiomm&talﬁlc @tlf}UWhhh fis in the

B ObR Ararcs o Rt ToprLD canie A BhatecA Bc HorHRR Acomiging to the
FARPAPp& UBhARERETb e&lshfamtthspﬁatesatslyaé Ex‘?ti?t& L HBEment

to degrade organic materials in a a ninth
b&m@d:\tth@phqth@talm@cmny) and armﬂeenpgrtpnmf thl@ apmratys Ferrefample the

oRblr SRy <Rl e @TRE 1A 9 i Fle BRBFaT MR goe fia

fowy eat rrent nodul e coupled to the reactor of the
apparatus. The treatnent nodul e conprises a separation
menbrane, and the separati on nenbrane rray be a

%Inlfhﬂ[t?é ?rﬁ1 i) tg&% rerdgcﬁcg].fncg()f i ls?;see?t L& gereb&ls t% gﬁ%tobatglryst is

coBsthiigdden ©reattor B8IMmaonpPri se a conbi nati on of
menbranes. The separation nmenbrane nmay be capabl e of
separating a fluid into a perneate and a concentrate.
t I
Bl 4E0ok it WeXAIR iR B 1 IR Yde3afbic paterials in
forid.sonme ot her purification unit. The fluid may be
water or it may be aqueous based or it nay be sone
other liquid, or it may be steam or some other vapour,
IR% pitth 'Xﬁﬁ’ecpgf ﬁb invRhtibd thERYis PEovi@iEa ﬁfsﬁzﬁf o9 ?ﬁnﬁ!:z{hoﬁrbf a fluid
enbodi nent, the systemis configured such
copwrisingon, effluent fromthe reactor passes fromthe

tr ?g ;:aoﬁéﬁi)grﬁ%g EFcIeorrﬁlgtgrtrg e e'f,c},h as(:"pe:tcto of the an%ntlon and

— atreatment module coupled to the reactor of the apparatus.

The treatment module comprises a separation membrane, and the separation membrane
may be a filtration membrane, or a microfiltration membrane, or an ultrafiltration
membrane, or a reverse osmosis membrane, or it may comprise a combination of
membranes. The separation membrane may be capable of separating a fluid into a
permeate and a concentrate. Alternatively the treatment module may comprise a deioniser
or an ion exchanger or a distillation unit or some other purification unit. The fluid may be
water or it may be aqueous based or it may be some other liquid, or it may be steam or

some other vapour, or it may be air or it may be some other gas.

In an embodiment, the system is configured such that, in operation, effluent from the
reactor passes from the reactor to the treatment module to enable the treatment module to

purify the effluent from the reactor.
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purify the effluent fromthe reactor. The system has
neans to recycle a portion of the fluid exiting from

W@ b@enswst nent nodul e to the reactor. For exanptBSG2005/000400

the treatnment nodul e conpri ses a nenbrane, the
concentrate may be recycled t& the reactor and the
perneate nmay be outputted fromthe system The neans
to recycle may be, for exanple, a pipe |eading from
the treatnment nodule to the reactor. In another

avHEmaS o b RRiles PRRIGR L HE S StIaA foro i tainaent module
th HIge 18A6L Pbr e;!a%gi_l@,'i?th% Rk He ModuletSmipkigad meﬁl?ag%s}édthe

may act as a pre-treatnent tor the apparatus.
ancinfte eabbeiiaceeled to the reactos andthe pehraeato nmytbeeatpuiind from the

nmodul The system na e for exampl e conf.igured,such
SREP. Tpn G I TP el et Ring oG] te Hetment
thé®ad Rt rdiewl € to the reactor, and fromthe reactor

to a second treatnent nodul e. There may be neans to

recycle a portion of the fluid exiting fromthe second

r e Lo the.r ent .
BB b TR e S f St ol B IR Re AR iPhasses from
tB€ qodttieNPmbault ketheirédchoraBaBBlenfbodinhdie, the tredth@at modulefmay act as
a fluid. In an eleventh aspect of the invention there
3 prerhreaimedé Prahe@masdus or purifying a fluid conprising
passing the fluid through a system according to the

ninth aspect of the invention. D sclosure of |Invention
Ihlyesarothee etibodinieak, ahers id moteltbarpond théatmentanodile. &hklsystem may be
B AR a8 S i e B 5 men
Heali@fAht Ko, MAGRM thetehdist B AlsScsidaPeaftfie R, There may be
organic matter, volatile organic contents (VOCs),
meapste fecydapottomsf thoflyid ekdinglfiquh dredesordrBBtmynt module to the
tri hal onet hanes, benzene, benzene derivatives,
584 %ne, carbon nonoxide, nethyl ethyl ketone,

styrene, toluene, acetal dehyde and fornal dehyde,

m cro-organi sms_such as bacteria, viruses, fungi,
Injattengh aspechef the uistiomihgesrie proyidedd usg ol the sysiem aggording to the

. e . .moul dy snell, stagnant air,
%@gﬁg&%% %%rgﬁctg?ﬁﬁ;ﬁgé g%"l%l'e r organic

conmpounds/ organi sms in air or water.

In an eleventh aspect of the invention there is provided a method for purifying a fluid
comprising passing the fluid through a system according to the ninth aspect of the

invention.

Disclosure of Invention
This invention relates to the purification of a fluid medium, for example air or water.
More particularly, the invention relates to the adsorption and/or degradation of organic
pollutants such as natural organic matter, volatile organic contents (VOCs), aromatic
emissions, polychlorobiphenyls (PCB's), trihalomethanes, benzene, benzene derivatives,
acetone, carbon monoxide, methyl ethyl ketone, styrene, toluene, acetaldehyde and

formaldehyde, micro-organisms such as bacteria, viruses, fungi, mites and allergens, and
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In anot her aspect relating to the purification of a
fluid nmedium the technology can also be applied to

wWaewehstst e total organic carbon (TOC) reduct iREE/SG2005/000400

chl orine destruction and al so ozone destruction. The

i nvention describes a novel pﬁ%tocatalyst whi ch

conprises a |layered nano-structured sem conductor (for

exanpl e titani um di oxi de), wherein at |east the first

sacliscod ddours sucthaegsetobhca@ stiiokp ot dmehs mempidyasioklh stagnant air, ozone
selected fromt.he gﬁﬁu conS|st|ng

it afo e, a8 ek BraaR OB O o i Pt Bt 3 ur o

t her eof and t he nano-structured sem conductor is
attached to a substrate. The novel (ghot ocat al yst may

bengdetiawseiaelating i tha prrificajion oS gdhuemerdivom, athmvlmoéqu[qan also be
%&?H YM Aclcel%ﬁ&é ?’«}1% Léag?c a%)ong@ﬁ rgaﬁc‘ftoﬁﬁc?]g&neydest?uctmn and also

Icatron o tron an
choge deltuction.of pol | utants. An obj ect of the present
invention is to apply this invention to a practi cal
fluid purification systemfor either comrercial or

’ﬁl%ﬁ'ﬁ%dtﬁn%?cnﬁe? G 8?5@}@6&)0&9%/3{ Phich %?fnghge%;aitl 8}'{%?5 nano-structured

pot'abl'e water or ating water
soucadsctetitthr ev&m;ﬂesatanmm dioxsle), sdrescin gt least dvefist seaticonductor
Inits preferred form

f f
Y& hahAporra Ereny el dbein A e IS FEIA Gy e S ghasisting of
@mEéY %rxﬁétalnﬁlb‘i’/ §hfet!ﬂ bk‘fd%%& hﬁf?tﬂféé%&é&xhlﬂﬁthle Rghd! Qtt&b@ur@d

| ayer of infuSed nmetal on and in the surfaces of
gsorigudusiobistattachedda atsubgrate: a‘he tmvcﬂ ohotocatakyst may bersed ,together

Bt A GTpEG TP #RE S b6 vt B oREoEls SRR for

PiRMicREoPOf Duds BY addorpiin 428/oh dBgR@dtiSorPollifant¥Ry be
partially porous. A porous substrate may be suitable

to act as an adsorbent for pollutants, |norgan| c or

R.{%g?f% f"?ﬁ yé@gén{_?r;\/ (%ﬂ {g ?éplﬁaﬂﬁy ?ﬁsi;eflﬁéns té) a sllgrftalcal ﬂll.}ldl t

ptm)ﬁcamrpfys&m for eithendogigmertial ér domyestio 03, fGeexample foxthde,
cti vat ed carbon, general zeolite, or it _nay
Piil%O lewatsr ok fr tzepling waker fipm nagyral slouﬁsg? such asreservoirs,

SRARE 'gtsu@vawérto@ Rl& whgettdfaatsr ot #IRE?F ials. The

substrate may be in ormof a mcroparticle, a
hol | ow microparticle, a fibre, a bead, a plate or sone

t.her sui bIe for S r caI ul ar or
Bftrespitid femnpe SoRenf e ettt hif Brovtor bE ftfching blavered
RY-sBfctured titanlum dioxide including a layer of infused metal on and/or in the
surfaces of a porous substrate such as iron oxide, silica, alumina, activated carbon,

general zeolite, zinc oxide or some other suitable material.

The substrate

The substrate may be porous or it may be non-porous or it may be partially porous. A
porous substrate may be suitable to act as an adsorbent for pollutants, inorganic or organic
as well as acting as a substrate for a photocatalyst. The substrate may comprise silica or it
may comprise iron oxide or it may comprise zinc oxide, alumina, activated carbon,
general zeolite, or it may comprise some other suitable material or it may comprise a
suitable mixture of materials. The substrate may be in the form of a microparticle, a

hollow microparticle, a fibre, a bead, a plate or some other suitable form, and may be
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sufficiently large to enable it to separate froma
fluid by either settling or flotation. Alternatively

WO b@oosHIst rat e may be sufficiently |arge to al POISG2008/000400
be renoved froma fluid by figération or
centrirugation or by sone oth sui tabl e met hod. The
hydr odynam c di aneter of the substrate nay be greater
than 10 micron or greater than 20, 50, 100, 200 or 500
sphertagh drregulagros sowe othen shape or % m&y be a 30 favm Tlanshbsteate by be

s e SR Rt e 0 58 SHndigredia feRation.
Mg divery thaSebstral ey Bdsifficistly Bbge 0QIlowAPio GOV edRBm a fluid

m crons for a substrate to be used in a slurry or in

by fatien gicengifugationtor by some thex suitablgmethod sTheshysirodymamic
SRLELoEIS0, BB 19 R T hangg, 0,100, 20

08 D8 hrierbas omgrestonthen, k2t 5 yr haviem candangebesigeedn 10 microns and 10

surface ar fqor coatjng with the photocatalytic
mya O REfWeen $ﬁ9 guGEys Eféi 28PR 8y BewRpR E%%%’i@d 5 mm or between 1
u b e t Iz
Pyt i ey B Shdht 1022, 6, £, B0P By SOPRLEENIRY a substate to be
vaertinor slimy bhim sssiEssioas e abdus b, 2, Bhé, 5 0h%18, &t I0aymifanvesubstrate

sufficient t sparency..tq | jght of a vel engt h iC '
DR A AR AR, 1t St
n8a¥f donG e BB Ahrige Bp&ifid fR e @feﬁ‘acfoﬁ(::tfalfiﬁg Gath'tRE Bhot6Satalytic

said light "at an a e%ua_te energy level for activation.
agsenthly. ddiivmay be sehiewedsvitihaporeuy strevivrsnivbereinthp Buidstedye treated

in .the esent Ji.nvention .are; 1).iron oxide:. iron
ol SReBEE 35 P AR S anrbiely g e B Rgate: Also, the
sabkirateiap Baverbi st Wraash ey lty lipht 6f sSWaveldloth WRicHactivates the
Porous iron oxide in its preferred form (hematite) nmay

phatosgialytig assembly yensegdhatgrrugicient pronontien ofdtbe gpated surfaces
' . Nod ' Vi .sui tabl e

re:r'cte%tgd ﬁgg}éIEX%%gﬁ egald %ihc?\é%%fe%%?gfeﬁglnfg?%{lgag rEuct ure may be

obt ai ned for exanple by repeated accel erated dryi ng

si ng et hanol and net hanol fo]l owed_ by calcining at a
Egﬂewygﬁsgf Hsiralss dhat Ty senemie bedpe it PEesrahnpwtion are:
above 400, 450, 500 or 550C, and may be between 350

and 650C or between 400 and 600C or between 450 and
15500 Cxslatlirometide alaywon@SdentlyOE, usdd 65 it H0DexfEhbive 60D may be
650C. . The iron oxi. opt ai ped usi ng this. nmethod | .
PR e § HEBlCR bR BFPpE Tof Pridgat i BipletiedOrm (hemaite)

arfiEAdiired B rédefoh bPRoR ¥hidEdE AGth! sblRhERy REHBAE @w&er or by

of pollutants and also facilitates mass transfer o
otheg pyjtable methods. The desired porous hematite structure may be obtained for

example by repeated accelerated drying using ethanol and methanol followed by calcining
at a temperature above 350°C or the temperature may be above 400, 450, 500 or 550°C,
and may be between 350 and 650°C or between 400 and 600°C or between 450 and
550°C and may be about 350, 400, 450, 500, 550, 600 or 650°C. The iron oxide obtained
using this method is porous and has a large specific surface area. The porous nature of
the iron oxide facilitates adsorption of pollutants and also facilitates mass transfer of fluid

to photoreactive sites.

2) Silica or glass beads: silica or glass beads may also be used as substrates as silica has a

high refractive index and is also inert and may be obtained in a porous form. The
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to photoreactive sites. 2) Silica or glass beads:

silica or glass beads may al so be used as substrates
W@200si05496600 has a high refractive i ndex and i s BCES8G2005/000400

inert and may be obtained in a porous form

Thehydr odynani ¢ di aneter of tHe beads may be greater

than 10 m cron or greater than 20, 50, 100, 200 or 500

m crons or greater than, 1, 2, 5 or 10 mm and maybe
hpdibd@mmia: (dmtheiermfﬁh@bﬂdiﬁlamhecgreatbmmﬁém AfiGonbr geater than 20,

T o0 AT, Py b e 1
nIboh® A% P PO Mbetdeer?l O()?mlcf'@ns5dnd65’ mih o@oeﬁgeéhrSObQHﬁans and 5

and is preferably between bet
nadhebemexbétaméémlmhmdsu@sbﬁ: ahcelt alﬁ,dZQ, 36, m&;ﬂe@at éﬂ)(ymtcrons or

B P Suthe Bt 100 B BESe R b Rmenl o 10 mm. For better

allidstoaVetwedn the SutiRtra@ladd ShdsiRAiScatdlyst Bed 91@6 ﬁ&fnb%isesﬂhé Burface area
range nmay be prepared for coating with t

o;Sﬂmsyb%ttaéﬁ, fha sibsirate egn bcandiiningg as ﬁél%‘fﬂ Sda:aspu gfaateads in the
pﬁéﬁ] %’ %@%akm ??éggred &Qm% It%e %B?ttogé@\xgé gﬁt‘ft%y etching

noas

t}wuilhdaaukfaﬂ:‘e with hyéabtid acitit Imamwxempw efthfglodtsd, €tk beads are
prior to the coati n%Wpr ocess. The immersiqgn may be fo
hmersed infa peaion OEbetae | B QVbHE biatsse gt iApure water and dried

PRS0 gy SO U AR 15 5 s

bﬁmeene aind dshotrhaor lﬁnﬁedn(merml Dhouirs, amdyndyebegabeat @5, 6.55,9.5 2, 2.5
31356 4&&@&%& ﬁ%%‘i‘% %‘g&bg%ﬂé{ %&W%ﬁ%“@gﬁ%r%é hours.

195 SR Oy 0 o el A0 on ) 150 o

bbisitesr @ 10 AndhED°E drbetvBecan@Oraay 1h6°®ein\d&ﬁﬂy b?a ;ﬁfcbdt EO(DQEJO s120, 130,
or between 3 and 4 hours and may be about 1, 2, 3, 4,

140 or lﬁ)°€o dhe tm@)focdimmr@aﬁw petw!aﬁl il ap¢ 6 lpgfq and|meay sy between 2
AP EPRS FRPols] 3 SE4RED AT AR R 1 H RS

i

=)

zeollte, ceéramc
part| cles can be used as a substrate 4) The substrate
coul d al so be surfaces in the formof glass fibers
3) remypareially pvailgblenagiialesroringwelgtsaey algy Eg’ﬁ ugaqdeasay subﬁrate For
I
KBRS ANE (A18, DEoifl, oS80 Ao, thifip Backe€ can bo used as a
sulistratef . The phot ocatal ytic assenbly

4) The substrate could also be surfaces in the form of glass fibers, the walls of the reactor
in contact with the fluid medium which may be of glass or stainless steel construction, or

on the surface of the light source itself.

The photocatalytic assembly

The photocatalytic assembly of this invention comprises a layered photocatalytic
semiconductor, doped with a layer of a material selected from the group consisting of a
metal, a metal alloy, a metal oxide and mixtures thereof, and which is disposed on and/or
in at least one of the layers of semiconductor. The photocatalytic assembly may be

bonded to the surface of a substrate.
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The photocatal ytic assenbly of this invention

conprises a |l ayered photocatal ytic sem conduct or,
waelopeds4as4 h a | ayer of a material sel ected froPeT/B&2005/000400

group consisting of a netal, a netal alloy, a netal

oxi de and nmixtures thereof, akd which is disposed on

and/or in at |east one of the |ayers of sem conductor.

The photocatal ytic assenbly may be bonded to the
Thephaioeatelytia sanlrehdwatte. minebptivhmandiakide] dlthough other photocatalytic

sem conduct or .nma e titaniumdi oxi de, although ot her
Sﬁ%@s@‘%ﬁt%fﬁ yﬁycbegéﬁﬁ%@aﬁauéP&%grahlawaa%-smta{eda pacop

| M

A or ORI i e STRE o8 BRI IRORSARRIR sl onciuctor
op ftanaycl diffprent; apd thecstdinre of the se¢ond phytosataljitit Semeonductor layer

and the structur ft second .phot.ocat al .yti ]
23 ot B e satteae) HEAEP BarBRR S futindbgtor Iaver or it may
vefdiftdrent A;;ﬂ]btdw@!ﬁfé%ﬁka&aaﬁctwwhﬁﬁ mstyBeQisell &Y BE peésehttinvention
may be different.” A photocatal ytic sem conductor which

igrafpniyen diesideiim therpaatgpetoom: 1f anolepr isased a5 thi phetioeatalytic
i oxide. | ase f ase, th
ShBOIAT s RSB EE s 3 b DBHERE Gt

adssakidnosf thokaldwagsdligel echiiusubstrate is by an
adapt ati on of the known sol -gel technique. The
material nay be a netal or a netal oxide or netal

Tg"f’ 'n%eﬁ%ﬂ?ag‘r@’%?%@ %‘h%%g O)EirIQl? %ﬁﬁ?ﬂ% Qng?{_%?z:rb%tsiefégted from
iRt grBup WnsRitinBof S, PP, Ru-AEs, PtiRtw, Ni-ZF Pt-Rh, Nkr, 2M:Ru-W, Pt-Ru-Os,
g ek P e NP sun o st oxic . evoup metal

oRidel & oA tABUEX bERSs, ifiMiRENX 4y Hfgteiﬂl?xi? ofines, Mt bHhBoxides and

thereof. The transition netals nay pl at 1 num group
nuistusgsshe¢polf. The trandiion getads mey be platitamsgrévumetats, (PEURt, Ni), gold

iy etels Oy Ao, 1 R o M, 5 BT RRY ool Bf iigriat may

beREVEGTOR PRGOS THE hidgerRi sdledi® fbm the BRYuBlcoRdistg ofd metal, a metal
metal oxjde and m xtures thereof may be capable of

aflamiagnetphecids ped midened theaaf srrydic enahle géinbihitiegithe recombination

of EOEAHIRL AR R HREH §EMueeR i 3fe B PRLFT B s gpductor
I@Teme Beidataieridlanast b@aseg & an'bawgeltemorﬁb@trm@fﬂﬁn gtl?ECbhﬁto generated
ectrons to oxygen adsor on t surface of the i
efﬂ“rHP%%t_ﬁt"é‘D’_%?r} %ﬁegaeﬁpp,thq %?aéﬁ ot ﬂ‘édf?&?%@tafyﬁ‘é entity, thereby reducing
USSR Bl gl 0, el otk 099 . e
S62.39pl. 1Theay 82303. Hreroptanmptiniunathiadpgrateef die mhterial on a

rial. on. . . .
pggttogatal?ljuc gntlt?/, and too much deposition may be detrimental for the reaction. The

optimum loading rate will depend upon the nature of the material, and may be between
0.1 and 5% by weight, or between 0.5 and 4% or between 1 and 3% by weight, and may
be about 0.1, 0.2, 0.5, 1, 2, 3, 4 or 5% by weight. When the material is silver, the

optimum loading rate may be about 1% by weight.

In early work, it was unclear whether the metal was coated on the substrate particles, or
whether it was present as separate particles. Furthermore, loss of the metal was detected
after prolonged illumination of the photocatalyst. Relative to freshly prepared

photocatalyst, the activity of reused photocatalyst was decreased. Nevertheless,
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photocatal ytic entity, and too nuch deposition may be

detrinental for the reaction. The optinum | oading rate
wowRib/ospend upon the nature of the material, BCHSGEPS/000400

be between 0.1 and 5% by weight, or between 0.5 and 4%

or between 1 and 3% by meight}3and may be about 0.1,

0.2, 0.5, 1, 2, 3, 4 or 5% by weight. Wen the

material is silver, the optimum | oading rate may be

phbtoghtalydtsiwhickecqitdin almatesdal lyyensinkilar itd thabef the present invention, have

88 ot S FEhbiaflr HRES ciP alirobmiady G photocatalyst
vRaER b&hﬁ%e alsubithRé BRI £phdtefhctife detfcdi@hébr ¥WaSnslalcBaARE.

after prolonged illum nat| on of the photocatal yst.
Rel ative to freshly prepared phot ocat al yst, the
ctcéSV|?1ly reu Oq r}o* \ st was decreased.

tf ess LeARA 1D t? ich contain a materi al

Aftrepplidatioh of a ﬁ@sttsétﬁtcoﬁﬁudtdﬂﬂaﬂr&@ @Ribstiawe BldyeP of Matedal selected
been observed to exhi bit higher _efficiency, even after

frem dher sreun csisting At p mstabounaiel alley, ametH oXelpandgeixures thereof is

cﬁgg’%&ep gbgt}éaﬁxgié %egggéﬁ fv‘?gé)f}[ Gnd §Hi.’> gﬁ@lt’lgtagﬁrec%ﬂﬂt seﬂﬁcf‘o%ductor

Id¥fetr & deppgitedcmt theo matdriah This ﬁbcm resnaiﬂemlﬂhe hmteri@yteperf(ﬁnﬂts role in
ubstratai a | ayer_of teri selectedfromt({;ejcgré)
SpRqtacaiahgt 8% amagpglesytor for apsiprring thy phofograertedglecions away

R tHE 15h WyeSoft Qﬁﬁ@(ﬁfdubt%r ‘%Eé}@& feﬁgmﬁg ﬂié}@cgrhﬁlﬁﬁtlon rate and

sem conductor layer, and subsequentfTy a second

impmvingefticicoey. (Tay enaterial deyyds ttapged hetteen tyemrafabmicbhédwctor and
roc S .enabl es .t.h ri rformits role in

cﬁ%&dbs&%sf)ﬁ]la% mglenig’r??%@%i’(t ’ronf or transferring
the phot ogener at ed el ectrons avvay fromthe top | ayer
of sem conductor, thereby reducing the reconbination

Altgreatiyely, thfrﬁ‘rr@t\ﬁen@cceﬂw@r lavienyis firsi@dmaxasswish theayaerial prior to
> f em conductor and nmay not be

%@sg@%g%r?%t% l%i]ra f% i§rﬁplta?Scat alytic reaction.

Al ternatively, the first sem conductor layer is first

adm xed wi.ith the material prior to deposition on_ the
g]gp?aéqlgtl%%engcqqqug{or My maynbe psrdgn él@eaprygqné invention is titanium

BETHCANHY 5L e WNnE 1 asg‘?s @qls't ﬂ?)‘?oo‘aJ %‘l%mmond}uf‘tor a

invention Is titani um I OXI e i'n the anat
pam@sawkich snaydedisad fdrﬁmnﬁimghbmahakqhstratesehy e adhpcttion of the

BhEsREed bR PSR RA Do 47 TR i sESgnding
téhae GMS, bed@H by dassi Birrent bRechitoss fob ﬁl%rﬁrbtodi‘ld sk&hd

sol - gel bondi ng
photocatalytic semlconductor layers in order to achieve different morphologies in the

different layers.

In an example, a titanium alkoxide, for example titanium ethoxide, is dissolved in an
organic solvent and is then reacted with a controlled amount of an acid, such as aqueous
nitric acid, to form a coating solution. This process may be used to achieve controlled or
accelerated hydrolysis in order to obtain the required hydrolysis pathway such that
subsequent calcination produces the desired surface structure. Other methods may be used
for forming a coating solution, however a common feature of the coating solution is that it
contain a titanium alkoxide. In one method, the process for forming the first

photocatalytic layer the titanium alkoxide is titanium isopropoxide (TIP). The organic
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techni que may be enployed with different precursors
for the first and second photocatal yti c sem conduct or

WO 200610849561 order to achi eve different norphol oRCESG2005/000400
the different layers. In an exanple, a titanium
al koxi de, for exanple titani ubffet hoxi de, is dissol ved
in an organic solvent and is then reacted with a
controll ed anbunt of an acid, such as aqueous nitric
sm&?em miay bt @n alcahclaatai mig;tlsc bfiglicolmls. Ttinsy pe a nﬁxmrmu@eﬂnmol and

R Bp R SRFom Bl Bt RS N Rl so%
\se&gﬁt ctrhajtvowhé QA BERHceh A5 Ghd 3593 RIVAH 2%t 8 f/%fﬂiemsén 25 and

surface structure. O her nmethods may be used

3386 By epight oo by vaymeonnudt it o1y beaheutd), 18, Lo RADIS, BOa3UME, 45 or 50%

t it.C atita
O PR BBt SGRTf l ABYs wo
Yarie8to pdiaéeatiffaleyt énd reaye)ie! ]bﬁ‘fdrcbrit IO lﬂbx:pﬁéillogﬁ ahd dlfferent
titani umi sopropOX| de (TIP). .The organi csol vent may

apstal et Terachiens st@@ﬁ@re@frewltclaﬁbls éechn? oggythemolar ratio of the

4 t
b A ialtNBe i BTSRRI LA LR L BRI Tl e range of
B0 ght:76r by vol unme, or between 15 and 45% or between
20 and 40% or between 25 and 35% by wei ght or by
vol une, and it may be about 0, 105 15, 20, 25, 30, 35,
T subtrE maQ Ve Ao P B i OfirsP jor]. ' i
P Rl iy S U Lo sl MR ot 8GRI Slythe R contng
obutmamay/lee Iahsﬁefddhﬂmgh endvardlsaisubstrate er sdné bheemethod may be used

S5 anRirRds s R spiod T iors SYBeAtet Ggyp il the substrate
t6Rkrdr ahatheOgARfredults it 4 taxtioNey ak K@élegﬁed E?rdrBE/sﬁ PryRE to yield an
can vary from1:4 to 1:100 but preferab i'n the range
agrorphayy titeniumzioxidhlayertisthe am@trnwutfecqs; Elpfedr pnother gas may
%)ggaiﬁ s&ﬁatebﬁtgat%rgvaﬁahpﬁ hy’alrol % %uérﬁabgfﬁ tlga‘% sl?]egles remaining

aths tsllil&tretemﬁeﬁ fmm)v(ilig”&jd ﬁﬁbtsﬂﬂﬂé fivay thegolutief. Tl 1e¥H0s Bumidity of
t{%he sub trate to the first coating solution.
ss@ae t saprsemerientbhe ggpist than d Ovaprdt map pe grrgtasdhan 20,

A0 RS Hbt‘f‘o ga ofogAr d%%fﬂe Qétw%&??d) Gt G, *ayﬂéta)e&%bé and 100%

process to yi el d an’ anor phous titani um di oxi de
amrbetv#@néomdrlat)% gait fnay bs aboih &, Hd,r20080,aH00 &0, 6@a§0 rm)y90 95 or

' ff t to hyd |
]&@% %@ i.lér & Iﬂfqlr legggrﬁnﬁvﬁg Iffg glglpl;eéiﬁrgp O‘grﬁg ép oxide, argon or
oIRSURAVIE g TRE sURIRN DM b°eaibﬁ 113 HReshir A dhdr a8 ¥drQime sufficient to

solution. The relative humd
effect at least partial hydrolysis of the hydrolysable titanium species. The length of time

will depend on the relative humidity and the temperature, and may be between 1 hour and
10 hours or may be between 2 and 9 hours or between 3 and 8 hours or between 4 and 7
hours or between 5 and 6 hours, and may be about 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 hours or it
may be greater than 10 hours. The substrate may be exposed to air by resting in air, or by

passing air through, past or over it or by some other convenient method.

After a period sufficient to effect at least partial hydrolysis of the hydrolysable titanium
species, the coated substrate may be heated in order to convert the amorphous layer to the
anatase crystal structure with the desired structure. The result is a very tight bonding of

the anatase layer with, to or into the substrate, hence avoiding any significant amount of
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the air or other gas may conveniently be greater than
10% or it may be greater than 20, 30, 40, 50, 60, 70,

wW@00/05080045 and nay be between 10 and 100% or PEL/SEEN5/000400

20 and 100% or between 50 and_100% and nmay be about

5, 10, 20, 30, 40, 50, 60, 701980, 90, 95 or 100% The
air or other gas may be for exanple air, nitrogen,
carbon di oxi de, argon or other suitable gas. The

anatese erteungthe thad tewhichrhe pletedatalgic atiemayhs stlsequently be

tJnme fihcient to effect at .l east partjal drol ysis
SP0Fet TP B MRy o tel &onaBE bblygren Blsiie fnd e
drafie. M daking €A Bstedte Wil thefiat layer Maybe efi¥ciad s 4 RRiperature above
tenperature, and nay be between 1 hour and 10 hours or

Ty Cise theciemperatuze aray 18 dhove 400 A50,6100e5650 & GNHGCSardomasbe

or between A4 7. hour s b n and 6 hours, and

B 080687 of bghey 480 an bl vefen 60 30 and may
e abBRY3 AL 486 £&0E500,1330, & JHe4OC. Iﬂl\ﬁng Hethea TRY Bfficient to
exposed to air by resting in air, or By passing air

¢onverti gte, firsllayerdo th:a/ma;cjdsb c?fstabstrmre, amﬂ??aty eofoy gjl‘ﬂaﬁii than 3 hours
met hod. . After a period sufficient to effect at | east
BTV fr o SRS OTEHE By FPBISPSEICE hoFR et bgfvecn 3.5 and 6.5

FREChSetwbdhes 5RPE BOursS PBLHRES4 BB BS AL &dd inﬁgﬁ{?gat%g?t 3,3.5,4,

to convert the anorphous layer to the anatase
45,ry6ty6e6.pior T hobes. desi red structure. The result is a
very tight bonding of the anatase |layer with, to or
into the substrate, hence avoi di ng any significant

"BER0EesS bRaGHaRR g ST pHI bRy tc! seinfednBuby 1%9eﬂd§ﬁ1g TIP results in a

photocatal ytic entity may be 'subsequently be exposed.
spHiaee owetirn gf magrcomnested srystalosampsisingioregilay ciystallime peaks, i.c.

. nd..t.he apatase. -Heati .the substrate
Rt ahd by M Ral OB Gpg HERE HRRE Ip EHRPBHY (AP An
&yl FRUFMrintake of & sRticatdictorIaReD 8cbdM L tdHde inveRfBon is shown
500, 550 or 6000C, and nmaybe between 350 and 6500C or

i3dig&wen 400 and 6000C or between 450 and 5500C and may

be about 350, 400, 450, 500, 550, 600 or 6500C.

Heating may be for a time sufficient to convert the
Hallosting thy elepositinighes afiat pistocatalgticdentitondatior BryedittheBybstrate,

e for. greater. than hours or greater than 4, 5 or 6
tﬁ%{ﬂa ,ﬂﬂg}s Cﬁﬁa}ﬂﬁé PARHOL P e L | %‘ﬁ?@namwé?%@ﬁwé.s gor
(?ggsign%a Rk Bfo REd/¥ESTo thedfid: s@nﬂéﬂﬁdﬁct‘ag 1a9§1t %Y@ﬁge frevipitation

] hours, and may be about 3, 3.5,
Bdimprgngid. & additioy photodeenositios snd spuitsp osatingrgayaalso be used.

e OB S5 B PSP e RSl Mgt 1 . o
Miansst, 3l B. ‘Conmytical TBM $th@poH e seleatiledhbidfaBfidiepositich of
platinum on titania-silica. mixtures and silica-supported titania.” J. Catal, 121, no. 2
(1990): pp 340-8). Alternatively, an effective way of depositing the material on the first
layer is to form a metal alkoxide (or any organo-metallic precursor) with the intended
metal and subsequently introducing the metal via sol-gel coating method to the first layer.
The coat is then allowed to dry and heated using the same procedure and profiles as

described for the first coating layer.

Yet in another procedure, the titania alkoxide and chosen metal alkoxide can be mixed in
a certain ratio, together with the organic solvent ethanol or methanol to form the

augmented first coating layer. The augmented coat is then allowed to dry and heated
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hi gh peaks and vall eys which may be detected using
atomc force mcroscopy (AFM. An exanple of an AFM

WO pges54984 a senmi conductor | ayer accordi ng to tP&r/SG2005/000400

invention is shown in Fig. 5. Follow ng the depositing
of a first photocatalytic sent@onduct or | ayer on the
substrate, the material is deposited on and/or in the
first layer. Conmonly used nmethods for depositing a
usitgehe sdmeé privoedame At proffiles ak ldesdribed forsherfies ooutizigdayer.
er include precipitation and i,npregnation. In
*J‘&@’é?‘l‘ﬁeB'EY the S5 S0BIS GBPHS Jéﬁ?j’@é&tﬁ - coating may
al so be used. These nethods are docunented in the open

literature (for exanple Herrmann, J. M, and Mansot,
A sedond ‘phetatatelytie kermiemditctahjays it fien depasited v and/or in the material.

R 8 4 eRE TR et o RnBhil SnRpduston ey similar o the
ploces@l@cribéddbove Por depbsifio ) firfphdtbRatdlyticAbhRioAddtvahyer,
an effective way_ of depositing the material on the
howexer 4 egpatpon tangip glkexlemsediin the Rexgel techoiquaiptitanium butoxide

] . i i d .al d
SRR TR e A 1 Bl S e
beeadse thd resultige fmidreétrdcayetis fiddiavitoahalies ahdBidr&hdi@MOhan0sized

dry .and heated using the sane procedure and profiles

cRystal gaains seeparest torthe sirpqture obiRadgomafBr A fipet myigfostructure with

AORLCAGE lgfff?ﬁsec%léfe%’o et ir@HotoHak Rt Ui AEnGBPESS with high
metal” al Koxi de can be N xed in a certaln ratl 0,

peelgedridenlleysthay pwdocgademsesglacked naohamotur@whivhtiheel Isuited for

o, formt augnent first coating |ayer. The )
PRI fde ?@Q?fﬁf@ﬂ PR LB s&h%ﬁwie Hergrelgratqragd reducing
bR RTRRHYE RoR iR B HlBRiANAGSF PhRE bl siifured
first coating layer. 'Subsequently the second coat Is
phpisichielytigassgarbly pbe gotneis substratesie highdly pifisientat al yti c
sem conductor layer is then deposited on and/or in the
material. The process of depositing said second

THeatRtEdfahy/ priotess AebcbRE UBEWS is haMBY tight bShdihk AF a kécohB@natase layer
process descri bed above for _depositing a first

oprbe Baterigl hanice aseidingawny signdficanhgrmpunt od westase erteingrtbafluid to
o o . . ol feehn .
it KO B e i 2%l ected Tor

maki ng the second photocatal ytic sem conductor | ayer
ecause_t he resul ting m'crgstructure is finer with

Iderely| s fEshahqfpratalifiis Faminonichs laven has 3/ s4rkace giragtis of
iseriah&kd Qydihe vﬁ%h{]}iigﬁ HEfks AR4 FLINGA. THiOWill bE doped WitE & metal,

m crostructure w
metal alloy, metal oxide or mixture thereof and then coated with another layer of anatase

crystal structure with a finer microstructure with smaller and more uniform nanosize
crystal grains to produce a densely packed novel nano-structured photocatalytic entity.
Under ideal conditions, one coating of each layer is required, however it may be
necessary to repeat the coating process of one or more layers in order to achieve adequate

coverage.

Method of degrading organic materials, ozone or halogens such as chlorine
The method for degrading organic materials, chlorine or ozone in a fluid may comprising
contacting a photocatalyst or a photocatalytic entity, with the fluid and illuminating the

photocatalyst or photocatalytic entity in contact with the fluid.
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nore crystal grains coated onto the first

phot ocat al yti ¢ sem conductor |ayer with high peaks and
wo 200b85954may produce a densely packed nano- st rRCI/SGE05/000400

which is well suited for photoreation. Wth the

enbedded material performng Yhe role as accel erator

and reduci ng reconbi nation of electron-hole pairs, the

resul ting densely packed nano-structured

photocatalytic assenbly on a porous substrate is

T§83€@¥ icient. The result of the process descrihed
8y Qe weafsy of Ftdﬁ%y lb%‘i‘fﬂ%eﬂbs liﬂse‘%\o%’é @&Yd’eéﬁmeﬁ}éer iquid, or it
AR st bNQ@IBS RS A %)oﬁle BPﬁ 1{‘% 1‘9% ﬁx‘nE LA bas. The

anount of anatase entering t
fitpicd stiorldheoptain bsfigisehotygeh ¢o anbtspithtodﬂ@iohy)f ttllmsorgams materials,

t t al t | h
cBlPRE b nbith e The AR e i e L7y et oSt granixture of
vaiveleMths, @ffectivid Yodedtaldb oBBinfORSEGritls] é]ﬂ@hﬂ%r%zoné"ﬁ/h@ﬁ in contact

al | oy, metal oxide or mxture thereof and then coated
Withtthe phefoprtalytie prtity @fld/ah ah@tg eatdlystsThe wevelengtlypflightmmaysbe

L LY T NA—

off ﬂleqihonﬁsﬁﬁ}y&t mﬁﬁdﬂdcﬁﬁmﬁmx@l@ﬁm@k ¥kdrg %leriﬂﬁe)phow&dﬁ[ytw
i deal _conditions, one coati ng of each | ayer

S?Ié’cfepﬁhé‘aof ip taaien dioxideathedighhmguds an §hetlé Fsatnd ikewavelength
nﬁgra&e' Efﬁ)%ﬁn%@ 18062838004 @d%rtz% Qgﬁ'%ot 940, 220 or 160
a h|eve e thod’of degr

equate coverag or gani
nmgaed itahasy, bedrpweenZ00aidelj Onsn stisdtwasn m ad 409 riﬂ‘ﬂ er between 250

S 8 o b TSP SSIM & G eA 00 R g5 A, and Hhay be about
39@ Cﬁs@C?ﬁ(ﬁ'sbéts:W 34, BROL PRAL B ﬁbb%ﬁﬁ?kg,yg}%d] 250840, 230, 220,

and i [1um nat’i ng’ thé phot otat &
Zibﬁ 91' b@(amlayad i cammpnly 254 nooot h&ﬂnnvwhfchtihprofVidﬂsﬂdn iost commercial

(L BB b B TR RESR g e
e OeTraNV@D B othéi pHotodaRYytResedticondictots, RwARIhIFEoRhEBELt used
gas. The fluid should contain sufficient oxygen to

L diffpyeet t@cs&atena@d fon tismiurn diexidra e ilmiestier may be for a time
sGiLR ef fopﬂ% c{eﬁ?é(f 5‘% J@f’ (ﬁa'g&da-lrgf of J) Hrrx?c ette ﬁ% Ear%e 5% 528he in the

n
wave ure O wav

flefid. &t tive: thay dggna de tlar @aokriratioh@hd ahtire ¢hdr@idi thalter or
ozone when.in contact W|th he &lﬁOt ocatalytic entit
COMFP BRI n§|°§;§?0nerlﬁé Yig) B geRcHiratioyat phesgeagibytic entities

nt?ﬁl% Q64Rh&Gn V{’h{: §iz88¢ @1@ %’é@ﬂfz ShtifidiheilenB hd9A R eRingth of

he phot ocatal ytic se Con
the illumination, the geometry of the vessel in which the fluid is contained, temperature

and other factors.

In addition, the photocatalyst can also be applied to accelerate total organic carbon (TOC)

reduction, chlorine destruction and also ozone destruction.

The time may be between 1 second and 1 hour, and may be between 10 seconds and 1
hour or between 30 seconds and 1 hour or between 1 minute and 1 hour or between 5 and
45 minutes or between 5 and 30 minutes or between 5 and 20 minutes and may be about
1,5, 10, 20, 30 or 45 seconds or about 1, 2, 5, 10, 20, 30, 40, 50 or 60 minutes or it may
be greater than 1 hour.
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of the photocatal yst or photocatal ytic entity. For
exanple, if the photocatal ytic sem conductor is

W@ Raoats498 di oxi de, the |light may be in the UV PE@n§e2005/000400

and its wavel ength may be |l ess than 400 nmor |ess
than 380, 360, 340, 320, 300, 1880, 260, 240, 220 or
160 nm and it nmay be between 200 and 410 nm or

bet ween 225 and 400 nm or between 250 and 375 nm or
bet ween 275 and 350 nm or between 300 and 325 nm and

TRcorising biny bedyoricin! Supendins gie Hltpcambist opphylosplsbytic entty
ﬁrméﬁﬁiﬂrﬁr BRby b8 b PATERY the @lﬁﬂi tHfBu%B ol B M o?&a’ca?yst or .

pl‘ ovided in nbst commerci al Ig ht sSourc
pheyocstlyiia enitomit maybe hyfsompéh@mgetahs Tlatm«tth«atmay rahso aficlude the

1Sl s BIGE o A THE SRRl FPegmonns of

dealiflg fla680i o @ntdfabatiosas sb@e ottick aitdbie MeMside. The
illumnation may be for a tine suitable for the

desired degree of degradation of organic matter,

ﬁgwgfaggebe%s G 3&3%&% daig'h qlaﬂps caﬁtgge n%'ﬁiéeggg

oncentra nat ur-e
s;bstamﬁllyafamparexﬁt Ohkb aidting for u9zen 9hotﬁcdthl§stfrhaded“r01ﬁ Bﬂlca or glass
gcent ration_of photocatal ytic entitie

Regdsisiie pie Pidred bpd medrodrrisreydhe eh?tapa,ﬁelv/&t léa@qk@d éno a reactor
édﬁﬁnh.‘ﬁ@é"t%'tﬁé’ ‘}ef?@c\fﬁ‘e SRRk e %105/%%3 %)éaldg' tﬂ@hgﬁnfrontl B& source is

geonetry of t vessel 1 n whic
abbmtogienetgte thergietatatal wst sttt refatresy listtet aireﬁuatidm and dllﬂimxmte regions

Y RePRSp GEEe 5rmbR n ol Burabi i tenieBt sovese. This reates an
&RsibAtUYHot APt Fhem. 0zone destruction. The time may

be between 1 second and 1 hour, and nmay be between 10
seconds and 1 hour or between 30 seconds and 1 hour or

n nut e .and or. bet ween d 4 . )
RO Kb ERRE d 1950 indT wEDER St ip e fuid by
a%&ammm @ﬁle&ﬁﬁeﬂmyivﬁﬂelﬁb@éﬂhocﬂ Due to #d miéhg HChe€ Eusgélsmn

econds or. about 1, 2, 5, 10, 20, 30, 40, 50 or
ﬁvlﬁma@gn of 2 majqry ob éhegfrh@m?aiﬁmﬂnmem @ehigyed for a sxgmﬁcant time.
SRR P AP T S SUERBIALP R WSgopc fcgpsining
the¢ phetycateysiywifas ﬂiengglbhe;f ﬂlumﬁatﬁchf 511 @lmij’en’ﬁﬂiphssfaQeof the fluid.

t ocat al photo atalytlc entity or it mm
B Ve vt o flier el oHE Do EHURPIRE oLl By PRI f e be some

MR Forf oB&PR%RE bRgicthe phot ocatalyst fromthe fluid.
The separating may be by neans of

In yet another method, the photocatalytic entity may be a surface at least partially coated
with the photoreactive material of the first aspect. The contacting may be by means of
passing the fluid past, through or past the photocatalytic entity. A photocatalytic entity in

the form of a surface may also be used in combination with a photocatalyst.

The method may also include the step of removing the products of degradation of organic

materials produced from the fluid.

Purification systems
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settling, filtration or centrifugation or some ot her
sui table nmethod. Silical/glass beads commonly absorb

wW@niog/os4984mal | percentage of the |ight and are PCT/SG2005/000400

substantially transparent. One nmethod for using a

phot ocat al yst made fromsilic 2 or gl ass beads is to

use a packed bed net hod whereby the photocatal yst is
packed into a reactor columm. Due to the high
Areapmcqtus/@coww«odhe mvlentm! gbmpssibg a@hptot:htelyltm ghtityfandfor a

bI ate th t
opBRcBBEE S rodtict ot aisPultE AF IR SrbA R Heaaed Oy oty o
fhiid,to 6t rRPbOeRHE3h }z@msmaﬁ&emhm Idﬁ@tton@%tﬁb@ftregﬂrﬁeﬁﬁdoﬂule Said
face the 1ight source. This creates an efficient

trsRiRet arodrlA(s) enasicomprise Afdirpiéon mewmhies ova piceflietiommembrane,
o? Iaﬁ ugfhb\fﬁt%ﬂo?lr}n%rﬁ 113.86 Solf%r}g@e(ilseta%s%bo%s%%@ra}ég t0r|1 1{11%% gompnse a

I'on or sone conveni ert

cambutanoh bémmbrms Ofhet hembraapemal 68 holldw Wbkt mBiuneé ofthey may
ority of the photocatalytic entities is achieved

bFéJPH%J woymioriflebstiect iMismatyelygriasatpentipedule may camypriasq deioniser
ok i 16&9&:118%6[’ ?ﬁQHQEHQl&P&ﬁ &' s&ﬂ@Bﬁkﬁp\%ﬁﬂﬁﬂhﬁ nfi.

constral ni ng ot ocata yst wt Ion of
illumnation but may permt passage of the fI ui d. The

rt%ar rie rrﬂg%ﬁ?st n B?bff: 'yéqtﬁi%thgéfog BFFEHE%‘?W@Pt qfrrggagﬁi%efore the fluid

cBRILHE r¥R 1P ds Yeatmdht ¥ Ethe RPN FrofPihl ‘Péjactc;r he, thls specification,

Jphotocatal ytic entity may be a surface at |east
“pluentfrom t ]}EIQ)@B@dr’WefehIS tohélllé it exidsibe reastaraPrerticbmedft may serve to

r%rgggflf %oér?t as ?Hl (B' gl‘tt%(l)'? WS&H gggreur?%é entenng 8‘16 reactor, and
tRAGIDE of ﬂlle)éfﬂl&nﬁ‘ﬁbhi the rédcih HaadbY bofie BApkrities bt bR not
formof a surface may al so be used in conbination with

dgerared ecamaryhby therppamtusoer may ranwis somelpiedicts e degrgation of
i uﬁﬁégo%/dlﬁlg g&s Bgﬁgr oL aﬁ h t?(]?l%ragt%?gf il txoe gﬁénq %%d%le is used for

teria uce urifircation
t&ymtmﬂthe affhenafros: the eactr e tise dfthe appaeatus @nat least partially

risi hot ytic entity and/or a
nB ‘%ﬂqﬁ?é ffP thg fﬁ%@égfje?e %ﬁ}ﬂ enfek g treatmpnt modyle may ingrease the
lﬂ@b!f {6 tGRNPHOHEIRES mﬁﬁre’&%é[ ¥ r@qd‘nleﬁ'fféq Hcy! df cf@%)ﬁn %f the
used i n conbi nation W th at |east one other “treat
mﬁr@i@iLﬂHEmO@alledrelatle'attmm oﬁ1h@|trbai(®)1t magule alymei ’Ehaeramay be more than

o U e LS S T S D25 s
niEAuY 2id%s aGfeatrherlTMbduRMRF tréfnRnt of the effluent from the reactor.
Commonly a treatment module comprises a membrane. A membrane separates a fluid
into a permeate and a concentrate. Conveniently, the concentrate may be recycled to the
reactor in order to further degrade impurities in the fluid. Alternatively the concentrate
may be passed through one or more further treatment modules before being either
recycled to the reactor or being discharged. The permeate may be purified further using

one or more treatment modules.

Brief Description of Drawings
The invention will now be described, by way of example, with reference to the

accompanying drawings wherein:
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conbi nati on of nmenbranes. The nenbranes nmay be hol | ow

fibre nmenbranes or they may be spiral wound or flat
wWeb@es5498 t ernati vely a treatnent nodul e may CcREOSGHO5/600400

dei oni ser or an ion exchanger or a distillation unit

or some other purification un?®. Treatment nodul es may

be used either for pre-treatnent of the fluid before

the fluid enters the reactor, or as treatnment of the

Fagureddne diagrammhtic repeasemtation of thhipsocegeefor friakatgi agphotocatalyst

quﬁlugn& fromthe reactor” refers to fluid that exits

eREdpmg e fhe presgnt YVetioient ay serve to renove some

inmpurities in order to reduce the load of inpurities

entering the reactor, and treatnment of the effluent

Bigyeltina diagmamoatiorepresentatien efancanparatrs for degrading organis materials

- d ved by the.apparat.us, or may

lfrﬂg?frlﬁls(g%gl%gl% oo(}é(gatq%y%fl S %%8? d%gtlﬂgg}? t@’?&’i npurities,

said products being forned in the reactor. If the

I%reatmegt modul e is used for treatnent of the effluent

FYMAHElagaEnyic repysseniationytt anrappaigpifar degradingereppiganaterials

. r o 0

RAC i IEOBRSAITPAE LT3 8 0 oL A Bk e

appgratuspat ment nodul e, or may reduce the required

frequency of cleaning of the treatnent nodul e,

relative to use of the treatnent nodul e al one. There

Fige B8 ié@ﬂﬁgﬂaﬁﬁ&t@ﬁg&E&ﬂtﬁrﬂf A0t E%oaf‘ﬂ&’s fop ﬁﬁ%’%(tﬁﬁﬁ organic

be separate nodules to function as a pre-treat

mpdetidle inem fuid svherein egphotocatalyidentityf iorthe formt afersurfoée ishattached to
ffluent fromthe reactor. Conmonly a treatnent nodul e
eo?\%’lafagéss a menbrane. A nenbrane separates a fluid

into a perneate and a concentrate. Conveniently, the
concentrate may be recycled to the reactor in order to

Higire Hd$ a disgranaaatigysnrasentation of anrappatatiisdor d¢grading oigagicymaterials

R R, Pl DOty R B PRl T 0y o1 e

to the reactor or being discharged. The perneate may

I4Jc)e purified further usi rg@gmpne or nore treatment

Rt R 2 degrammsticdpprstsnitionrof ppefieTappames fon degtadipg organic

bl OV ﬂﬁd%‘f&h Q?ﬂotokeXtaWis ggn%ml ifia 1kt c,c_)lumn;

reference to the acconpanyi'ng draw ngs wherel n: Fi gure
1 is a diagrammatic representation of the process for

Fﬁ%é ﬁ% %hREﬁ Plﬁa?gte%lf %Sstem?c%%glrl&I()Plgly‘taroactcgr%irpgrt%sfﬁen 1Invention;

Figure 6 is a diagrammatic representation of a system for purifying a fluid, wherein a

treatment module comprising a membrane is used;

Figure 7 is a diagrammatic representation of another system for purifying a fluid, wherein

a treatment module is used as pre-treatment; and

Figure 8 is a diagrammatic representation of yet another system for purifying a fluid,

wherein two treatment modules are used.

Figure 9 is a graph of removal efficiency vs hydraulic retention time .
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Figure 2 is a diagrammtic representation of an
apparatus for degrading organic materials in a fluid

waob@ee5495e phot ocatal yst is suspended in the fPCI/EG2005/000400

Figure 3 is diagrammatic representation of an
apparatus for degrading organtt materials in a fluid
wherein a photocatal ytic entity in the formof a
surface is attached to the apparatus; Figure 3a is a
Kpagrlfnsratiagranepatésepteatntationodf savystehefor pprifimg 4is f or
degrading organic materials in a fluid wherein a
phot ocatal ytic entity in the formof a surface is
attached to the apparatus Figure 4 is a diagrammatic
representation of an apparatus for degradi ng organic
mat er i alBest MadefAnd @thdrcVoides BompGatiyiag uy Theilavention
constrained in a reactor colum; Figure 4a is a

di agramatic representati on of another apparatus for
Mapingthe photdgailyst Bﬁbﬁb'to%hfacljj'ﬁb éntityui d wherein a
phot ocatal yst is constrained in a reactor colum,;

Inithis inwentiony thgsokeel hopdine tsehniqusanpy beemployed withekifferent

. . = UT . L aar amat i .
REGRL R et ind BT ol iy BoP LD GBIl o achicve
different mosphbloghs e tie diffekehilaga@npri sing a nmenbrane is

used; Figure 7 is a diagrammatic representation of

anot her system for purifying a fluid, wherein a

With 84eRAte OHBLR 1 § f$tePaid RiRidn RBLIRAle iﬁ"‘ﬁlﬁ FCOMING vessel

8 Is a diagrammatic representation of yet ano Rer

I sis dotldver: Aptitanifugi alkosadé, lisididsol vedain einorganic $ol et befoirm a solution
.mpdul es e e igure 9.is a.graph of renoval

lgyrﬁrfi réP%%@ £ fc’%ﬁ&? by ?ffOéaf_rfé‘il% rof 550 Feactodivdh cargrqlled gmount of
BhetARTHAEL of SRAESRBE AfeBik Rhd, 30 P05 EMHSolRHEA flgz.ﬁgﬁs process
air. Best Mbde And O her Mdes For Carrying Qut The

maeaased to adhigvegontiellgghartaseel erateddtydmlysihiot wdettaloptaic the required

' I this i ti th .- gel .bondj .
AL S U e Bl BB st
stractutd) ©tiidr sdth@iAnHEEOMRd BHrob AR Dok fin £sor@BCIVIHEW &er a
| ayers in order to achieve different norphologies in
nr#yéﬂad fepreaf the goaing solytion is Rk eaplain atifniym elkoxide, Preferably

tfvlée tg%guﬁpamae RHeib s Popdx3ad BB). The Brddnf So1Fedfhdal Be an

alcohol or a mixture of alcohols. It may be a mixture of ethanol and methanol and the

proportion of methanol in the mixture may be between 10 and 50% by weight or by

volume.

Substrate 106 may be dipped into first coating solution 102. Alternatively first coating
solution 102 may be passed through or over substrate 106 or some other method may be
used to expose substrate 106 to coating solution 102. Substrate 106 may be in the form of
a particulate material (as illustrated in Figure 1) or it may be in some other form.
Substrate 106 may for example comprise porous silica beads. Preferably the beads are
sufficiently large to enable them to separate from a fluid by either settling or flotation.
Alternatively they may be sufficiently large to allow them to be removed from a fluid by
filtration or centrifugation or by some other suitable method. The hydrodynamic diameter

of substrate 106 may be between 10 microns and 10 mm. Alternatively, substrate 106
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104 as follows. A titanium al koxide, is dissolved in
an organic solvent to forma solution in the range of

WA286/084954: 70 by nolar ratio, and is then reacP&HSGL00F000400

a controll ed amobunt of concentrated HCL or sone other

aqueous acid, to forn1coatingz%olution 102. This

process may be used to achieve controlled or

accel erated hydrolysis in order to obtain the required

thyydboh yaiace phibistrety 166 chlefthnatomtadisethubrst caxdingisolation 02 for
roduces the sired,surface struc O her net hods

Rk Wretdng b Fow o RSy o0t LETBHOR05. however

a preferred feature of the coating solution is that it

contain a titanium al koxide. Preferably the titanium

Aftraingealiod sghstratei Mﬁfrcm peasin@eotivion TOR) evaBme of gl&mr@te 106 to air

al cohol

SRR TR 2 5P GAEh AR PO b e,

disxipeldyeon bk sﬁm’.‘tﬁmi‘fab@ The aifrimdy boBtaifbytfAEieREk ¥eEVhpour to
10 and 50% by wei ght or by vol une. Substrate 106 maybe
hydppuss the, hbdrplylsahle Hisaiym spesiss gemainingom thasuhstraterafigereoving
e U LR T e S
grepeashars U5t Slﬂisﬁa&‘(l(ﬂ&ma)dmibﬁmg ais dbid tia sﬂi@ﬁlent to effect at least

Sub t he formof a particul ate
iﬁli@io?s? .tﬂ%gg?laﬁ Pﬁn%ﬁneewi)%aiengﬂwéymﬁéwﬂlrﬂepend on
tﬁ@f@at%hﬁfmfh@f 4Ad tBE Bhpeaittrel AR ﬁ‘iﬁ%/ bk BEWREATRL ute nd 1 hour.
onprise porous silica bead$. Preferably the S are
Salbsifratc 166 iay beaxpeset to ainhfy k@tmg eubdttesH)pan airgof byopasaing air
luid by either_ settl tion. Altern tlvely
thinef, Ry FovBL PSR AP §r Pl bt ivsen Pt ne
renoved froma fluid by filtration or centrlfugatlon
or by sone other suitable nethod. The hydrodynam c

fblﬁ%rraéle@st neftiad bm@nomtse)fm@hyﬁylyb@l@étamm spegies; epatpdsubstrate 110

{}ﬂ? e@‘t{) rggl'h glyandlshusf tdrn‘filtoederr_]? Leq V\ﬁ;ﬁh gll‘l?rgpous layer to

th@aiatersg cB}Q;talll btirgotu kGt e dbsitedatmctlide. $Ratiagthad bléQUﬁducted in
and prefer y for about 1 mnutes. After renpval

faimmel § A 61 Rpedms oiher @anis ] hsehih. FERINOMAY bk s08ted abf temperature
Q r

DYOEHPLE nHhe fafhE St Subicd EUM M U R inyer g the anatase

ciystaApiructuel and siey bayatbebredntBeaiibBéurat € sur f aces. The

air may contain sufficient water vapour to hydrolyse

t he hydrol ysabl e titaniun1species remai ni ng on the

FOUBRAIEHHE aildsRing RIS 0%3%1@&%}& ﬁogﬁgl&pp%ﬁ& substrate 106 to

fomm vwer:ﬂIbblyatbélO a material selected from the group consisting of a metal, a

metal alloy, a metal oxide and mixtures thereof is deposited on and/or in the first
photocatalytic semiconductor layer. Commonly the material is silver or platinum. In an
example, solution 114, containing silver nitrate, is added to coated substrate 110 in
contaiher 111 and an aqueous solution of sodium carbonate 115 is added. Solution 114
may be agitated during and/or after addition of solution 115. The liquid phase is then
removed and metal coated substrate 126 in container 111 is placed in a furnace 116, and
heated. Heating may be effected at a temperature above 350°. Furnace 116 may be the

same as or different to furnace 112.
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greater than 10% Substrate 106 maybe left in air for
atime sufficient to effect at | east parti al

Whowso54984 s of the hydrol ysabl e titani um speciBGT/SGH®5/000400
| ength of time will depend on the relative humdity
and the tenperature, and nay B® between 1 minute and 1
hour. Substrate 106 may be exposed to air by resting
substrate 106 in air, or by passing air through, past
Aseqnd phetobatblytit seril@bndictdryayeo iether Hepositehveadntin the layer of
met had. Aft at. | east rt.ial hydro si,;s of the
‘H%’F‘%r 95958‘? PR M@B 18 E100g dinp SeroRt Begting ESsp) §24 as

fERYwREA titANEh 8IbRMe! 9 afenlad ﬁleJn idnid mvaﬁ%@@s #Bn reacted with a
order to convert the anmorphous | ayer to the anatase

@ngrgtled amgoyn| of aqueows nitric 4id desimeother aqueous aid, e firinrrgcond

é S ﬁo Il d ﬁ"g Jét;i'cgrﬁ T, tg? ]S%r%)flg aerg;tcogé]uctor layer are

shailpeoahokeisébRY EordfitOfe ﬂﬂﬁ%%hﬁkﬂ)nﬂﬁ&opﬁy&om prbd¥8s may be used
sufficient to convert the first layer to the anatase

te aghieys captiolled or eccelgratedhdrelasis b onder ineabipin therrgquired hydrolysis
Jﬁﬁﬂ{ra} subh? il WigRd Jeg?caqg Rz& c}ntﬂ P@uc%g i Jes{r%i %ul;'téatc stjutute, Other

cat al tlcsmco or- layer
xﬁethmlmay ‘Béiuﬁ'!dlfsﬁ fo@hﬁlglskaond&:oﬁﬁﬁ@ Eolﬁﬂlors B X% tbeevdragteferred
fIhe group consi sti n% of a a netal allo

55 0tagran AR ROlRtAe iR @aegfcon@ubreb@gm lkiseide. Proferably the
tﬁm{l&ralkd?u&é@ tlftdlﬁlﬁ‘[é bBRAURIE Fﬁ? YHieg EIHE Q&O&F%ﬁé&f be an gleohol or a

layer. materia er I"num
maixther afrpllcehols dt mby ba a hidtureofdthanol agd methaﬁml andtthap@portion of

' dded,,t ted trat 10, | t 111 d
sheinii o s TS P oot ore et 0 B0 ers o bV Aiutp. The
ppodeds bPlepbdifingBie Q%r@ﬁ}foﬁ;c%ﬁlﬂw s‘eﬁﬂccﬁ‘iﬁ%t@f 1a9&:1i8 Elmllar to the

addition of solution 1I15. The liqu phase i's then
nreersy described ahova Iforcisao@msthbé‘trstathetoraﬁlytm sewitoailnesor layer.

urnace 11 and .heat ed. . Heat.i
VR e PSRt Py DERREe A Pl 80 SRty 20 matively
s&acﬁxdrm»md@gsdlmeorsmmnaﬁb@pas%cf theduphtor bQer MetAPERtellsdbdrate 126 or
second photocatal ytic sem conductor |ayer is then

sqeisssher arpthnd mAYPpo psadro exigosk dhieseamdrrapiing solution W2eond
coating solution 122 is made in a second coating

vessel 124 as follows. A titanium al koxide, is
Alftesedved of intermediayaspecies 02V &0in @adng sSolutien 123 agp@ire of

W th contr ol | danDun of aquequs nitrjc acjd or .
iglspmedik specigUede MHery ls e Ftinled cp perelseaed Rygfrolysis process to
y8&M h aBR s tl-mﬁm? QﬁQicfe'IQ)‘bf‘ oh Pe gu%'éﬁét@ Qurlefles SEMImay contain
sem conductor |ayer are si'mlar ose used for
shiffraignt gvatﬂmapmurst,o hydmlyse tisugtiolysahlegitanifin spegiepmesgning on the
sﬂgéfral?e aftjer removing said substrate from the solution. The relative humidity of the air
may conveniently be greater than 10%. Intermediate species 127 may be left in air for a
time sufficient to effect at least partial hydrolysis of the hydrolysable titanium species.
The length of time will depend on the relative humidity and the temperature, and may be
between 1 minute and 1 hour. Intermediate species 127 may be exposed to air by resting it

in air, or by passing air through, past or over it or by some other convenient method.

After at least partial hydrolysis of the hydrolysable titanium species, intermediate species
127 may be heated in order to convert the amorphous layer to the anatase crystal structure

with the desired structure. Heating may be conducted in furnace 132, or by some other
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to achi eve controlled or accelerated hydrolysis in
order to obtain the required hydrol ysis pathway such
W@ b@b/0sbsequent cal ci nati on produces the desiPEHSG2005/000400
surface structure. Ot her nethods may be used for
form ng second coating soluti®h 122, however a
preferred feature of second coating solution 122 is
that it contain a titanium al koxi de. Preferably the
thédng of hientiak Kxitihg they bd éffattddrt bwéropdralard JB3T 3504 Heating may be
organi c solvent may be an al cohol or a mxture of
far ¢ imesytficient fmganver the secordphotocstabgtitoiemieandpeionayen to the

B BB RRG R 3 Ry T G 0akrebls by Bl frdiPlo i 0uce
phibtodetabhyst 1300 Guirdaee $FTmiag bp e sanetaaloy tifferas nd Gensbes 102 and 116.

layer is simlar to the process descri bed above for
depositing the first photocatal ytic seni conduct or

M@ﬁh%ﬁaof?agﬁidiﬁga}%%qi@ﬁg%mg e 126 maybe di pped into

secon oating solution 122. Alternatively second
Rigat i2rig a doigranmatid @prasentatien (faaspdatatns dogdegoading/enganic materials

.retal t ed trate.126,. ] h t.had b
5 23 BB S 0 30 e B B

ififet 205, b8 BRN&!230f Insie @EdPRAI2AD &5 DRA6H 8 ?hét%@at&l&&rﬂoﬁgﬁfsiﬂgg;mall
solution 122, exposure of intermediate species 127 to

phiotocptelytilctestities ZH Scenable bf beingsusperdeddn Apwtl 10y drsongesiof
R38R PR UG 8 5rd o n ot

230ftd censatin the pRétovangtrwitlin ReadiopRyse the hydrol ysabl e
titani um speci es renai ning on the substrate after
renovi ng said substrate fromthe solution. The

th ek &tau 2 ﬂgﬁj tglgbt%%tﬁ‘afenw}& Efor SBY %ﬁﬂ%gﬂffgg& H%T)T/lg g)leloliog?t?lyst may

greéter t nt er nedil at e spe
Hemaihtaidedin suspeimorsby fueansarfithd worafal acbulaticel ofdlwid 210, or

B Sy S e B B BLSEBAE LSO, oottt
doflagl WiE tHeutdig bl i, @0dnt RSk BMRE LR b aRic AREH B BSid 21 0. The light

between 1 mnute and 1 hour. Internedi ate species 12
mayybebia thxpers &1V tangai andils waystengihy may baless than 400 hmp. Treated fluid

i ' t , . it h
RSt RO PGS B P8Rl o
Iafviﬁgheaayﬂzm,ysabl e titani um speci es, internedi ate
species 127 may be heated in order to convert the

anor phous | ayer to the anatase crystal structure with

, i C 1 i . .
£hfte 3RS GBI bR R A0 b ARG P gl ding organic
mayridieired fleidt BdFigtires, b eegeerai D iefindbwith 3b (et I06aiht ag outlet 330.

be for g time sufficiepnt to convert the second .

P@%@é@bﬂl&ﬁpﬁw ISein f@s ARrae Sqr%%rcomnﬁﬁﬁea portion of {hie inner
surface of reactor 312, such that the photocatalytic assembly that is part of photocatalytic
entity 315 is on the inside of reactor 312 so that it may contact fluid 310. A source of

illumiination 325 is disposed so that it is capable of illuminating at least a portion of the

photocatalytic assembly in contact with fluid 310 within reactor 312.

In use, fluid 310 enters reactor 312 through inlet 305 and past photocatalytic entity 315.
Source 325 illuminates at least a portion of the photocatalytic assembly in contact with

fluid 310, causing degradation of organic materials in fluid 310. The light may be in the
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anat ase crystal structure, and may be for between 3

and 7 hours in order to produce photocatal yst 130.
WO-00a805432 may be the same as or different tBCT/SG2005/000400

furnaces 112 and 116. Met hod gf degradi ng organic

materials Figure 2 is a diagr fmat i ¢ representation of

an apparatus for degrading organic materials in a

fluid according to the present invention. In Figure 2

ngatr @ gaege, 2Pits way¢lengld meiyttie less tharl 400 @B5Treated duid may exit

230. | de react 212 is located a photocat al yst
f%a&g%#lgﬁﬁ “%'ﬁﬁﬁ?‘?et%ﬁ& ocatalytic entities 215 capabl e
of being suspended in fluid 210. A source of
i.llumnation 225 is disposed within reactor 212. )
Higyre 8p és dipgrammeptip3eprayeniasiop\wif deetherrppanatustfordegrading organic
[ . t al i1 Ni t.or..212..1n.
oG} b TP ghESR Filblonthlithllof PAZP oS fu'dl intet 3105 and
ahludeigfl 30nPleito@dytid bititp D01 datial fpah offB yulbsceTediprived & Yortion of
t#n,suigggsion by nmeans of the normal turbul ence of |
¢ TEr PHi9Ce o reatoes i SUeb hatdherahornidly i assemplyythaids part of
is i . t i .
R 57 o MRS o R B PHORR Bk Phnal Bpntact hid
331 g.ahicylindicel Ud 1gght sodrbeidfilladGnatibns 125 ghdisposyd tueilluminate at least

t he.ne UV range, .and i wave| engt be | ess than
SRRt i BAGtBA S BSpblYR SoniaE il B 1D s pracior 3112.
outlet 230. Filter 235 prevents the photocatal yst from

| eavi ng reactor 212. Figure 3 is diagranmatic
In ups, dwghd i enterpfeagior 31 12 thmentghvielea p P zdufowspast photocatalytic

ATV ET b O M T
cdadct WitoHawB1a Dy dausing [Mebtalatfokbof drBardi ifhatedial iR fludd 3110. The light

surface, con&ses a portion of the inner surface of
T

mayReigthesnear US{eamge.mad itsireavsleogbicnenbe/lepsthas 480mm.yTreated fluid
Eq;-' f Lytic entity 315 is on the

I% S|ggéggﬁﬁgégf%ﬁhgqgg@%%g%%t it my contact fluid

310. A source of illumination 325 is disposed so that

Fj,t [ ,cagigbl e of illumnati ngf at least a portion of_ .

4 %ﬁ%% gragpyaticrepresentpion ohyvet shathe arpatas £or Jegraging organic
L b T . I . .

g e ol 20 SRR i R 05 and an

08116.4380Thaeph@@Gtalydt isvinrthe fsnmasf d maked bedowhich comepfisdshpdurality of

hot .al yiti ly i tact with fl ui 10, .
pBORLAAR i 15 378 G o BTG atumnd 1y Thephatopatalystis
pidFerablydhide®dm PBrdud stifeg e gfasé%/eaﬁﬁ,rtﬁ‘%on@ E’(ﬁnéa Bt?nler material that may

wavel engt h may be | ess than 400 nm Treate ui d may
pesgpit UV light to penetrate the plurality of photocatalytic entities 415. Porous barrier

435 is provided near the lower end of reactor column 412 to constrain the photocatalyst
within reactor column 412. A source of illumination 425 is disposed within reactor

column 412.

In use, fluid 410 enters reactor column 412 through inlet 405 and flows through the
packed bed which comprises plurality of photocatalytic entities 415. Source 425
illuminates photocatalyst in contact with fluid 410, causing degradation of organic
materials in fluid 410. The light may be in the near UV range, and its wavelength may be
less than 400 nm. Treated fluid may exit reactor column 412 through outlet 430. Porous

barrier 435 prevents the photocatalyst from leaving reactor column 412, Alternatively
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reactor 312 through outlet 330. Figure 3ais

di agrammati c representati on of anot her apparatus for
waelegoasionyg organic materials in a fluid. | n FiBCFEGBa5/000400

a cylindrical reactor 3 112 is fitted with an inlet

3105 and an outlet 3130. Phot¥cat al ytic entity 3 115,

in the formof a surface, conprises a portion of the

i nner surface of reactor 3112, such that the

ﬂprI@OaaﬁbI}tbﬁ froradlselowicy endhaf reagtopenlumo 1 phthtamghtpattyd3i0cand exit

on, th side of reactor 3112 so that
r‘?af’{oﬁﬁél ‘?‘&éﬁmﬁlﬁhi’aﬁéﬁo A cylindrical UV |ight
sour ce of | [ lum nation 3125 is disposed to illum nate

at | east portion of the photocatalytic assenbly in
Figgre 4acts avdlmammtlg repraseotatipn bf angtherapparas for dagradiggorganic

0,ent t 1 3
nIalteg—l ?sl 1% a]ﬂmd eIP Pg%lﬁ'? Elg,aafxle?ét??%o]te .4? §9 és?q%e(fq ath adl éhg%frleS and an
outldtunB o aﬂﬁfplﬁtooh&ﬁ&t isdn e formpfalh at:lhﬁ Hedaliaeiaéahides plurality of
ass i n contact W|th fluid 3 110 causin
ph@@ﬁ%%lﬁ%? ehfitise 4413 and 1 1neatest Wihia rpacten @ﬂmigﬁ Thg ghotocatalyst

t
e G ST 16905 D AL SRR
nﬁyipbﬂnit Iﬁf\b ligitt to pehettate3thd Plurblitywf@hdtocstabtid |eﬁ@mmmm Porous
BFBRAT S et s i ot 4T acans R e eatiyal b BABBfclor colurn
4?91 WEhdeof 1ﬁu1fniﬂa¥18ﬂ| Aok hs @Rpddah %tlff&@?éa@t‘&ij AU '1§t

The photocatalyst is in the ormof a packe
V\,hl ch conprises plurality of phot ocat alytic entiti es

i, B AT R et it T RS HROp ORI N1 B0 B A et the

padkag %e@%ﬁ’éh cotprisEPPuFaite o O Rbcal ériitick D815, WRMrce 4125
ht to penetrate the urality of

IIB}% @t@apmtwat@y%m p@m@@ wittsfluipdi dhscabsing idegrad@®n of organic
nRERUARRERL1 o 18 LoHED PRE e LAY FR M vy heth may

constrairn I'n I Co

bélesothag @00 hn. rﬂremcrmlti@mhyéléaﬁt teSctot aidmand 1R t}ﬁbmgh outlet 4130.
reactor colum 412. In use, fluid 410 enters reactor
col um 412 through inlet 405 and flows through the

F@?é‘? gs Qlelgt )9’(1!: ggrc% Wﬁ fggﬁei 1@{ :%E %If htﬁfst%%m%ﬁaﬁ’&?f ﬁ#'éi‘tchordmg

Itres 41 our ce nat es phot ocatal ys
tocthn tention. t Thefsudback i4 hiphly mr@ulruy anlé gr ddedctenisedby bigharebks and

%??tyg yf-pg?écal]g(ﬁhé {I{liieg\ﬂg%%og%%f in aﬁ\a&tr Bg@{e RS Lt DR, layer will

predominantly deposit in the depressions or valleys of the structure shown.

Purification Systems

Figure 6 is a diagrammatic representation of a system 600 for purification of a fluid.
System 600 comprises apparatus 610 and treatment module 630. Apparatus 610
comprises a light source 615, which is located within a reactor 620. Apparatus 610 also
comprises a photocatalyst according to the invention (not shown), said photocatalyst
being located within reactor 620. Treatment module 630 comprises a separation
membrane 635, whereby fluid is purified by passing through the membrane, and
impurities are rejected by the membrane. Reactor 620 is equipped with inlet pipe 650,
connecting pipe 655, and recycle pipe 660. Pipes 655 and 660 are also connected to
treatment module 630. Output pipe 665 is fitted to treatment module 630.
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| ess than 400 nm Treated fluid may exit reactor

columm 412 through outlet 430. Porous barrier 435
WEe@ees9s4 t he phot ocatal yst from | eavi ng react PCT/8GL0OSM0400

412. Alternativelyfluid 410 may enter fromthe | ower

end of reactor column 412, th¥ugh port 430, and exit

reactor column 412 through port 405. Figure 4a is a

di agrammatic representati on of another apparatus for

degrading organic 5 materials in a fluid. In Figure.

4a, a.reactor colum 4 112 is fitted wwth an Jinlet

I gbeyatigy T RIS AppBition fAtgshERAEORPA) {apughineh pipg&30- At least

¢ . . ; i

SRRt i AR, RPN D EREL BApBLANEL0 Yot tho infTuence of

ligbtomrsoursk Gih indagbindtien wiib theqrtotdoptlyst. Therfbiid rvetitlymay

oAy sofh PR e Be s SRl BS SRAt Reimidefion sucie e the
ifhperitdsthah bﬁéée@&utﬂif@éé&@cﬁ@b%ﬁg@@éﬂrﬁe&ﬁ%ﬁ%& 655,780 98 treatment
io barrier 4135 is provided in inlet 41 0 constrain

maslgfEd: breampstmogulp 630, thefvidis dividadrbyseparatiopymembrane 635

' . . . 125 i s di it hi

oo, WA SOt Ry EhRRBE R ML B RO e

pholovsastidnl had b peaneic Whidhtexftd Hatan d00 Vet dutsutPipd 665,
packed bed which conprises plurality of photocatal ytic

entities 4 115. Source 4125 is illum nates
¢ e . : .
IRUBAE SR HARNEC et A A R, popus
720 gbuaprises aliesht sourbe 725 arhidiMs levagd, witliid airesctovaid®l Appirhtus 720
y be less than 400 nm Treated fluid may exit .

a[gga?e{narlé%soﬁ dinioy aperdnghe Bairentign Gt Shov, said phetocatalyst
b@ﬁg%&f@dcwﬁﬁlh‘%@acMrCﬁ@?’"f’%ngﬂmuféf71@ thiyf 5 for example a deionising

sem conductor | ayer according O to the i'nvention.” The
ugiiof adistillstion yhit. reatmegiuhadula it issfittddawisic sreinl g gipdifA0, and a

hi gh. .peak d,vall . Typi cal | terial. )
HuouPE B 7 a5 foreméB i Rt 23 ERGGE 02 tfited with
owput pipeggom nant |y deposit in the depressions or

val | eys of the structure shown. Purification Systens 5
Figure 6 is a diagrammtic representation of a system

i fication -a flul i se .

e B AN b YOG GG B0 i
740,ranﬁii§pﬁﬂg ggﬁgi% bg wm&ng%%dullwml OhFlufl thet paseek fbrhhicatment

a reactor . ar at us al so conprises a .
madyteodiQrthrapeh C%&%FE% Ripet’d> toeeariey d39-iArieqsh a podipa i the
PR Al ) | Al :
PSRl AL T BN BERE S o
source 725. Purified fluid then exits system 700 through output pipe 750.

In Figure 8, system 800 comprises pre-treatment module 810, apparatus 830 and post-
treatment module 850. Pre-treatment module 810 may be for example a deionising unit or
a distillation unit. Apparatus 830 comprises a light source 835, which is located within a
reactor 840. Apparatus 830 also comprises a photocatalyst according to the invention (not
shown), said photocatalyst being located within reactor 840. Post-treatment module 850
comprises a separation membrane 855, whereby fluid is purified by passing through the
membrane, and impurities are rejected by the membrane. Pre-treatment module 810 is

fitted with inlet pipe 870, and is connected to reactor 840 by connecting pipe 875. Reactor
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0 menbrane 635, whereby fluid is purified by passing
t hrough the nenbrane, and inpurities are rejected by
W@ b@oieyd+ ane. Reactor 620 is equi pped with i nP@I/SEROOE000400
650, connecting pi pe 655, and recycle pipe 660. Pipes
655 and 660 are al so connecte®to treatnent nodul e
630. Qutput pipe 665 is fitted to treatnent nodul e
630. 1 n operation, fluid containing inpurities enters
g4oacfined WD tralvfaugpe B30 &id ftjde 6pe 888 bdtle asvhithpohiidod to post-

of the inpurities in the fluid is d gr ded b _
teep A MO Uis F O RRREtreptient Rrodpleriod igfitpd ywh onlrymﬁp@s&?ee
R g A b e PR mod g 1 i fheh ot
parse Torenddie gralyaturdied fryquterttestnfenomotible Sl0pEluid thes passesefiom pre-

AP o0l O TR BB RBEPE RS F AR AL, A b bottion of
163 Raprfes frl b HulPard Hﬁ%ﬂgéh BY apiRPAE P8I (A RETHRAMENBS 8f light from

into a concentrate, which i's recycled via recycle pipe
sea@e 835.rAddeasb partialdy perifi¢d flvid dhenppassasouhef feaetor Hbthgough transfer

ersea i.ch,exits syst.em 600 through out.put pi
RSSO e G Wt RS BRe Bt TPl e asRbifas some
PRl hteon PO RRIfraRARE Ahpifitied Sher\PRBEsASUY B YedBtof 8NP tHr&@sh transfer
a light source 725, which is located within a reactor

prz0sS0Apshintn pRst-rpgtment modeleiSslaspost-primsatinadyle 850, the fluid is
R0 DRS00 R Syt i et

plpecsasn® iéactor @80 dor/thttherphobgedddion Ladiopeemaatd elach &iikGystem 800
unit. or a distillation unit. Treatnent nodule 710 is
thropgle BURPPSBG-nl et pi pe 740, and a connecting pipe
745 which al so connects to reactor 730. Reactor 730 is
also fitted with output pipe 750. In operation, fluid
containing inpurities enterkExam@dat nent nodul e 710
through inlet pipe 740, and is partly purified by
treatnment nodule 710. Fluid then passes fromtreat nent
FRRREd Bed Desikhr ough connecting pipe 745 to reactor 730.
At least a portion of the inpurities in the fluid are
degraded by apparatus 720 under the influence of |ight
_ﬁrogw;ougpgcz%%.lﬁgrified fluid then exits system 700
t%ﬁgﬁé‘f{' lﬁbu? |5‘H§ *750. In Figure 8, system 800
Gladibeh&CHPIie didntadreat crhed 2 IR fapdasurbbé d880atald C for 12
postireat nent nodul e 850. Pre-treatnent npodule 810 nay
hearst Birstdyshpoating vrsi ashiceedby upmerssie the giched beags jnpp coating

o o] | & .
s\%‘h@g °ﬁ‘%’?ﬁ@’| & E}%fg?gﬁé% tgﬁ@ﬁ?% £50%rdmb bBHgafRYbREntY &Pa mixture of
ethanol and methanol.

The coated beads were dried in air at room temperature for 6 hours and then loaded into a
furnace at room temperature and the furnace was then ramped at 3 °C/min to 450°C where

it was kept for 4 hours.

In this example, silver was chosen as the metal to be doped on the first layer of anatase
TiO,. Silver was deposited onto the beads by immersing the beads in a solution of 0.1M
AgNQs. The beads were dried and heated at 450°C for 2 hours. Subsequently, the beads

were cooled to room temperature and then immersed in a solution consisting of TBT in
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react or 840. Apparatus 830 al so conprises a

phot ocat al yst according to the invention (not shown),
W@ 2000/0p496¢ ocat al yst bei ng | ocated wi thi n reactPCT/84D05/000400

Post-treatment nodul e 850 conprises a separation

menbr ane 855, whereby fluid i< purified by passing

t hrough the nenbrane, and inpurities are rejected by

the menbrane. Pre-treatnment nodule 810 is fitted with

dtliinet (mgmmsaa @60 graths crgadopsiotnyl The sadabeaingGtofileyand

connecting, pipe 875. Reactor840 is fitted with

tFPHﬂ@F%@a%@ﬁgﬁégﬂeéﬁﬁsP%@ycle pi pe 885, both of which

connect to posttreatnent nodul e 850. Post-treatnent

nodul e 850 is fitted with output pipe 890. In

Useanfahe ontglystt ui d containing inmpurities enters

-t t t d 10 th h | et, 0,
e onlefl Bea et packef 5 the Rh b o viom B a e 1ol gf the
it Ra$ 550 8MRY ifter A iR BTN 18R wWaB58HEN A cylindrical

connecting pipe 875 to reactor 840. At least a portion
&Y lahe wmﬂnpuam emassionpfiZadnn| wasdised. dlueig aeidevhsipposen as the model

d fl f f
OB I3 RET T o b SR e R SR Y fncon o
@Ilphr Sfa6in0al &4k tdvyod G diauBe sététionl tige B&Aowd MeFigutt 9,

which may contain some undegraded inpurities as well
as sone degr adation products fromthe inpuriti es t hen

1
RSP, o RRRRAL PRI R QOB Bl of
axixtivp &7\8 S@itentishier filr ot drates, alidvhate @ahiﬁuﬁaﬂp&b did eml@orptlon and/or
55 i.ntg.a concentrate, which is recycled via

cgenbr ane %
gragation %gara%soli%arrtéée%?s BEReak QFganig mafgy, bacterial, viruses,

B (P e AR R Bl en U P Y2 BT b organic
déamohn@/cbrgmisxﬁs Wt@(i dba Ip!lsibcatﬂystsan kksade uSediol au:celerate total

e o Ceeraton (ugthd Sestisigh 0Bt Seshp &g

by i mrersing the etched beads in a coating solution
consisting of TIP rans to 460 grams of organic

A irthen tlc}lva;ntaga isfhsit f’ e gbcatalsirren baapplindiandhe reactpravalls and UV
1%1%ﬁ Bxﬁa?lg SRior Egé]uq % jne.mal %r ag(iu%!u{latﬁ*tﬁcgn t?lmv&}a?ng§ {h%ts%tgmf ﬂlereby

rhakipen aiote effeiegt.t he furnace was then ranped at 3 Cnin
to 45Q0C where

Indoor Air Treatment

Figure 10 is a diagrammatic representation of a system 900 for purification of airin a
room. System 900 comprises a chamber 910 having an inlet 920, a suction device 930, a
pre-filter 940, a UV light source 950, a photocatalyst 960 according to the invention and
outlet 970.

In operation, air containing impurities enters the chamber 910 through inlet 920. At least
a portion of the impurities in the air is removed by the pre-filter 940. The remaining
impurities in the filtered air is degraded under the influence of UV light from light source
950 in combination with the photocatalyst 960.
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15

it was kept for 4 hours. In this exanple, silver was
chosen as the netal to be doped on the first |ayer of

W@ e@bas®sai O . Silver was deposited onto the bREEISGIY5/000400
i mersing the beads in a solutjion of 0.1M AgNG3. The
beads were dried and heated at® 4500C for 2 hours.
Subsequently, the beads were cooled to room
tenperature and then imrersed in a solution consisting
Tak UnBlighireutraneh be 88tedosn bbcotGentipmaht Volag@eioc UV LEDs (light

sol en T sane rof | e an ture a
FREHERIdtes) 1 pgaDf3aipe ebeglefohl and Fhaetic fhgofcation
dediet efbdbesgieqwer e packed into the reactor as shown in

Fig. 4a. The length of the colum was 350mm and t he
i nternal dianeter of the columm was 55mm A

S%Xﬂl aﬁ]g'ﬁ_" %ﬁhcétj'\c/) ce c EggﬁedQn%ﬁ%ﬁo&zggogpg N was

am nant .
A S OlReidA] @FV@@ﬁ%badéB sﬂkbﬁb andSdshry\ass, ,FH B6k) &M Babins of
fed into the reactor. ﬁh of renoval ficiency vs
hydr é(ehlplsss mhea:ﬁqamtruckﬁecq» et ainplanes andgmm 9.

SRR Yo e OB A e v s,

syst edburf ifthéddok@lg aed &id balybdoBr)en Redkd.cul arly to the
adsor pti on and/ or degradation of organic pollutants,

such Remavyat ef ¥OCer.gabrceo smpke rozomﬁa&@remhatocommr mg@snes and
| yehl orobi,ph t h
Gor | 50 88P HiCH 3 st oe5 e B ekt OB R R 258 faour in

vvatelgtagﬁmaﬁymme@ﬁadeyst can al so be used to

accel erate total organic carbon (TOC) reduction,
chlorine destruction and ozone destruction. A further
advantage is that the photocatal yst can be applied on
the reactor walls and UV lanp walls to renpve fouling
matter accunulating on the walls of the system
thereby nmaking it nore efficient. Indoor Air Treatnent
Figure 10 is a diagrammatic representation of a system
900 for purification of air in a room System 900
conprises a chanmber 910 having an inlet 920, a suction
device 930, a pre-filter 940, a WV light source 950, a
phot ocat al yst 960 according to the invention and

outl et 970.
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In operation, air containing inpurities enters the
chanmber 910 through inlet 920. At |east a portion of

WQ b@closst i ties in the air is renoved by the pPEF/SGRN®N00400

940. The remaining inpurities_in the filtered air is
degraded under the influence UV light fromlight
source 950 in conbination with the photocatal yst
960. The WV |Iight source can be in the form of
conventional UV [anps or Uvdlamss (|ight emtting

di odes). The use of WV LEDs can enable a small and
portable air purification device to be created. Such
1an gl phatbédtdlyG@hdsonbHLnGRistRN e used in the
follow ng applications: - Renobval of VOCs, tobacco

s o lkRdirsimhotnsetalgic(sesmgcondpetdylayepand i n cabi ns of

vehi_cl . ar trucks,. coaches irpla and
! i d e B o i SpisREEES Dot BT Blsh e
dxédeind noigiouies therebl) @aideM@eeal BeRi, digdoet on Mnd/benGeiakiridayer.
area and body odour) in honmes. - Renoval of VQCCs, ,
t obacco snoke, ozone from phot ocopi er nmachi nes and

do : ' . r r,
Dol v AU b DAY SR e
phibfoicatalyGk aemiohducboribpdraisposddydr, ¢n, as dethiih ind oapRaidshdigrial.

a first photocatal ytic sem conductor |ayer; and a

mat eri al selected fromthe group consisting of a

met . i i ..
T her oRySto gl e By AR PR G ot e it additionl
phaiodathiytis seippeduct®. layerp laotl acadrad] disposeslssemmidl or in said layers, are
according to claim1, further conprising a second
PE#Socat al yti c semi conductor |ayer disposed on, in, or
both in and on said material. 3. A photocatal ytic

assenbly according to claim1 wherein one or nore
4addif Plsriegatgdiiée seemblyaccerdingriv chimucwhereinghe fisst photdcatalytic

kal  di d on_and/or in said |ayers, are

Spr%%é% Fmﬂéﬁﬁﬁiﬁoog%achg'ic assenbly according to

claim1l wherein the first photocatal ytic sem conduct or

| ayer is nano-structured. 5. A photocatalytic assenbly )
Sacc oy igieratadytiq assemblyaserding to slaimecwhereiitbe sreandphatpeatalytic

semiconductor layer is nano-structured.

6. A photocatalytic assembly according to claim 1 wherein the first photocatalytic

semiconductor layer comprises titanium dioxide.

7. A photocatalytic assembly according to claim 2 wherein the second photocatalytic

semiconductor layer comprises titanium dioxide.

8. A photocatalytic assembly according to claim 1 wherein the first photocatalytic

semiconductor layer comprises nano-structured titanium dioxide.

9. A photocatalytic assembly according to claim 2 wherein the second photocatalytic

semiconductor layer comprises nano-structured titanium dioxide.
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sem conductor layer is nano-structured. 6. A
phot ocat al yti c assenbly according to claim1 wherein
W b@6f5498¢ phot ocatal ytic sem conductor |ayer RONRG298800400
titani umdioxide. 7. A photocatalytic assenbly
according to claim2 wherein 8he second photocatal ytic
sem conduct or | ayer conprises titaniumdioxide. 8 A
phot ocat al yti c assenbly according to claim1 wherein
1tohe A phetbeapilptiosatmblyt dccosign t@QiMﬁmClt WheﬂeﬁMﬁé nBel isSefected

%ggo structured ti tanl um di oxi de. ggot ocatalytic
hasrgupeqnstsing g1 ransition metals Ny Bthtt P&ddefi-Ru, Ni-Zr, Pt-Rb,

i G
R PR PP AN P AR SRR T REAERD, alatipum growp meta
cmctesngdlgf gawp anedalngides, i axided hm@tealomdeb,andameomdbs Il‘l&)dlum
ect d from tdhe %g_ﬁu co Si sg[ ng of transition
%351%‘ Ry gHae TPt - Ru, Ni-Zr, Pt-Rh5
Pt-1r, Pt-Ru-W Pt-Ru-Gs, Pt Ru- Sn, Pt - Ni-Ti,
Pt - Ni L zr 5Pt - Ni - Nb, EI atinum group netal oxides, gold
1gr ouprhetoedtalytie arssmblyi ascondinggls, clmmrﬂ@sw]eenemw‘esnsmonal metals are

des r hOdJ rut heni um oxi.des

S s et O SRS ot o b e Boup metals,
R O3 Mo)dr bed chai m 10 wherein the transitional netals
are selected fromthe group consisting of silver,
pl ati num group netals, gold group netals, Ir, Ru, Gs,

ytic entity, which
con‘p‘agf’s(gg&t%%%%& t}’éflﬁgﬁg %Sﬁ&shot ocatal ytic assenbly
conprsubstrage;andli r st phot ocatal yti c sem conduct or | ayer,
and a_mater sel ected froamthe group consisting_of
met aiph%?ca@lmc AEFIRRYY COMBEEBE a i oA semiconductor layer,
ahfl %Gﬁaﬁénal%@ib&e%ﬁ{ fh@ 1?!1&%9@2?&6 P 3R&aPAd ametal oxide
said first |ayer, sal el n |s osed o
and nijstukesitheraoit s mdterizd bbmg rdwpesed:lcﬁl and/q:rhnsmd eﬂrstllgryelr,c

TR PO el &t Wa%%fﬁﬁ“aﬁ%%ﬁressg@staatgecond

phot ocat al yti ¢ sem conductor |ayer disposed on, or
both in and on said naterial 14. A photocatal yti c
18nt i4 photecast i hentity aedosding ixclaine 1 i wheseia the phnteeatalytic assembly

fﬁ‘l‘?lgér co&%ﬁges a second photocatalytic semiconductor layer disposed on, in, or both in

and on said material

14. A photocatalytic entity according to claim 12 wherein one or more additional
photocatalytic semiconductor layers, and material disposed on and/or in said layers, are

present.

15. A photocatalytic entity according to claim 12 wherein the first photocatalytic

semiconductor layer is nano-structured.

16. A photocatalytic entity according to claim 13 wherein the second photocatalytic

semiconductor layer is nano-structured.

17. A photocatalytic entity according to claim 12 wherein the first photocatalytic

semiconductor layer comprises titanium dioxide.
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phot ocat al yti c sem conductor |ayers, and nateri al
di sposed on and/or in said |ayers, are present. 15. A

wWebwsosasal ytic entity according to claim12 wher/gG:r05/000400

the first photocatal ytic sem conductor |ayer is
nano-structured. 16. A photocd®al ytic entity according

to claim 13 wherein the second photocatal ytic

sem conductor |ayer is nano-structured. 17. A

photocatal ytic entity according to claim 12 wherein

the fiyst ot.ocatal yti ¢, sem conductor .| ayer conmprises_ .
15t dhPAPEETIGEN 1S oS o LTS CRSredh B oAyt
seidhah ol Ry @hiied fianRRF@BL dghot ocat al ytic

sem conductor | ayer conprises titaniumdioxide. 19. A
photocatal ytic entity according to claim 12 wherein

o b ReRATEEGRT iarfina O RRe 2 uetein Bt e
seffidoniu@6CiRyel ddthprReChaoBirketupdiBtighiont Bisxecond

phot ocat al yti c sem conductor |ayer conprises
nano-structured titaniumdioxide. 2 1. A

hot ' ' aeccordin | ai.m.12 wher ei .
LAY SR Lo RSRIEHR R L2 B UL i
stinédoadtidtonlapEt dhiprisénanbtstourdd titMiiumPliokde. N - Zr,

Pt-Rh, Pt-Ir, Pt- Ru-W Pt-Ru-GCs, Pt-Ru-Sn, Pt-N-Ti,
Pt-Ni -Zr, Pt-Ni-Nb, platinumgroup netal oxides, gold

ro ' [ D1:0Xl ; i .

A i PR ARy abocRa s Bom 1y MBET R HhalET iy plected from

the grioup esndidtmgedtrandfon meuﬂmtsmm?t,wim@anma, Wi-Zr, Ptl-Rh, Pt-Ir, Pt-
ceordi t ajpm . rejn the transition netals .

@’@@gﬂﬁg?ég"t%‘bhﬂfﬁé&lgﬁﬁb Ehish taii-Ng, plptigym gequp metal oxides,
| P&t Metl Q4 RIeIRIASd i@y ox i i

g?/b, .Z{rilk'I and Cu. I3 A persggﬂggsst %@ﬁ%&?(ﬁgﬁaoﬁées, MdntPoxides,

rpthenivmaaxadestand numtuiresythersaf.d process conpri sing the

steps of: depositing a first photocatal ytic

sem conductor |ayer on a substrate; and depositing a

2mat & pldto@ifalytidlent®y adRkding fb dlbkh 21 wheteth fhethsitio) 8letals are
said material being selected fromthe group consisting

sgiectgd fppmihe grouperoasisting ofisilver, patianmegtpejemsiads, gpldt groepmetals, Ir,
I%Jﬂﬁs,elglfo; Zr and Cu.

23. A process for making a photocatalytic entity, said process comprising the steps of:
depositing a first photocatalytic semiconductor layer on a substrate; and
depositing a material on, in, or both in and on said first layer, said material being

selected from the group consisting of a metal, a metal alloy, a metal oxide and mixtures

thereof.

24. A process according to claim 23 for making a photocatalytic entity, said process
further comprising the step of depositing a second photocatalytic semiconductor layer on,

in, or both in and on said material.

25. A process according to Claim 24 further comprising the step of depositing one or

more additional layers to the substrate, said layers being selected from the group
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24. A process according to claim23 for nmaking a
phot ocatal ytic entity, said process further conprising

w0 b@o®sepd of depositing a second phot ocat al yt i BCT/SG2005/000400

sem conductor |ayer on, in, or4both in and on said
material. 25. A process accorc?i ng to Claim24 further
conprising the step of depositing one or nore
additional layers to the substrate, said |layers bein
sensisting @f thegnatera, G diug ceresd semirgndecteriayersng thejecont e
fdhsbnfiteeigdesem conductor layer and the second

sem conduct or | ayer. 26. A process according to Caim
24 wherein the step of depositing a material on, in,

r both in and an sajd.first |ayer co | ses.sel ectin .
Bhe AdEFTEACRIGRE f%@fjagp ¢t W@B‘?ﬁ%ﬁ_&ﬂﬁtﬁgg PPHYRE P et on, m, or
853k 3nd SR saiﬁ)tﬁr@TayePEGr{Y%%@s séfdetid¥ th€matdrtal BBm tBE mhdup consisting
Pt-Ru-W Pt-Ru-Gs,” Pt- Ru-Sn, Pt-N-Ti, Pt-N -Zr,

Pf travisithdm methlst Sm Sy BuMogBt-Ri, WkZody-Rly Qltﬂr_, Qt-&upW, Pt-Ru-Os, Pt-

tal I, i i ngsten oxides..Jridium
i LN B il %, AR u isbT S’ Pl pug meta
bRIJEE O oxddbs, INPRELOSSesdf i oRflel, Ghditinxddes\WilicRivin oxides and
the step of depositing a material on, in, or both in
amgtuess theseef. first | ayer conprises selecting the
material fromtransition netals conprising silver,
pl ati num group netals, gold group netals, Ir, Ru, Gs,
Mp, ZArpracds Gttordiflg tdclpin02E sbhetcihe diep@fidepasititign Adterial on, in, or
wherein the first photocatal yti¢c sem con,dﬁjct or |ayer
boikyin paden s7if fxstdca rompiaes sdlgcting the grabaial Forpraiskipngetals

. o r

SAAP AN A BB SRR AR B8k Aoy, O .7 and
process for making a photocatal ytic entity, said

ocess conprisi.ng the s of . depositing a first.
Bhot Goatpiy hrordBiie AR Soreiy BE T8N phofilp@hiissgmiconductor
sReflcd B ies GRMRIH SiRded material selected fromthe
group consisting of a netal, a netal alloy, a netal

oxi de and m xtures thereof. 31. A process according to

im30 f ' h | yti [ i.d .
ShL BB PR el 1 R PR Ph sgiconducr
sRePESPNRE ataludh Widxédesem conduct or layer on, in, or
both in and on said materi al .

30. A process for making a photocatalytic entity, said process comprising the step of:
depositing a first photocatalytic semiconductor layer on a substrate, said layer
comprising a material selected from the group consisting of a metal, a metal alloy, a metal

oxide and mixtures thereof.

31. A process according to claim 30 for making a photocatalytic entity, said process
further comprising the step of depositing a second photocatalytic semiconductor layer on,

in, or both in and on said material.

32. A process according to Claim 31 further comprising the step of depositing one or
more additional layers to the substrate, said layers being selected from the group
consisting of the material, the first second semiconductor layer and the second

semiconductor layer.
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32. A process according to Claim3 1 further
conprising the step of depositing one or nore

waowesonal | ayers to the substrate, said | ayePGI/BE2005000400

sel ected fromthe group consi %ing of the material,
the first second sem conductor-”l ayer and the second
sem conduct or | ayer.33. A process according to Claim
32 wherein the step of depositing a material on, in,
or both in and on said first |layer conprises selecting

Lhe ot oLl ahe L8 LIE: A0 0YR CONS LRt 00 s L EART b fibalon, in, or

B’&t‘h%‘ alll ofPbai R $tayePtomfRiseSReledtimgNhe Haterfal frbhrtKé group consisting
-Ni - Nb, platinum rouglnetal oxi des, gold

n*étrwsﬁm rgetgls, $p.Pt o, PrRysNEAr StiRie 8t-Ir, %r &uuW» Pt-Ru-Os, Pt-

ide [
RSB, RS ARG 87 R0 ld
bkides tiaxidesdivpgaert oxidesairidhim okiles,dhodiium, oxddeshattenium oxides and
and on said first layer conprises selecting the
raxtargs dhereofom t ransition netal s conprising silver,
pl ati num group netals, gold group netals, Ir, Ru, Gs,
Mo, Zr and Cu. 35. A process according to clain130
Bther Al protdse aédording phclbine a2 wlhyxteimths stepob delprsiting d myierial on, in, or

E&ﬁﬁﬁia%«?%n S R e soB BT 0o Bite B Pt FOR anln' Retas
ﬁaﬂg NG eR plh@URs métza@sgold %@ﬁ%y WBt4lé, X IRAE Os3Nko, Ar and Cu.

oca alytlc enti mhen made he process of
G a|n123 and 30. 38. A photocatalyst conpr|5|ng a

e LSRG S B SOt

f@&ﬁmmgegﬁQQMhﬁdﬂﬁﬁdyw al s, hal ogens or ozone in a
fluid conprising: contacting a photocatalytic entity
according to aim112 with the fluid; and illumnating

id
§g ﬁ%%e%g g&%%%ﬁhg go ?lg%;l %gwgr@rggﬁﬁ% @gr&aotne Ipﬁlg otcg't?lh/ft]]c lééﬂ'llconductor
Myeﬂmmmsmueanidmﬂﬂ)x@ctmprl sing: contacting a
phot ocat al yst according to claim38 with the fluid;
and illum nating said photocatalyst in contact with
ghe i ﬁﬂo%cafal?tlc AP HRe mh@s bFﬁﬁ&fi‘@de@Qoﬂ?ﬁﬁﬁ 28 and 30.
mat erial s ogens or ozone 1n a
conpri sing: contacting a photocatalytlc entity

gg.c o[&df)hn gocagalycslt gonmpljiszmga A %luralﬁg)% 81%% caté[l%tic entities, each of said

entities being according to claim 12.

39. A method for degrading organic materials, halogens or ozone in a fluid comprising:
contacting a photocatalytic entity according to Claim 12 with the fluid; and

illuminating said photocatalytic entity in contact with the fluid.
40. A method for degrading organic materials, halogens or ozone in a fluid comprising:
contacting a photocatalyst according to claim 38 with the fluid; and

illuminating said photocatalyst in contact with the fluid.

41. A method for degrading organic materials, halogens or ozone in a fluid comprising:



10

15

20

25

30

conprising a plurality of photocatal ytic entities,
each of said entities being according to claim12,

WaWaok/0s4984 f 1 ui d; and illum nating said phot ocar@l/§G2005/000400

entity and sai d photocatal yst Jis contact with the
fluid. 42. A nethod according any one of clains 39
to 4 1 additionally conprising at |east partially

renmovi ng products of degradation of organic materials,
hal o§eRactsis aphniecatalpiin ertisy adcoiding #eClain 1appdnghokcatalyst

TSN alo =P talytic entity,accarding to.Caim_
PR A ity VRO i e e b 27 SO B e beiad rcording to
chengBowith dheflyid] endenti ty; and a source of
illumnation disposed to_ illumnate the photocatal ytic
ent i tAPIIRAERNsait Phafpeatalyfeentity prr s¢id Rhetoquialpsten gottacifwith the
lmwght, or mxture of wavel engths, effective to degrade
organic materials, hal ogens or ozone when in contact
with the first or the second photocatal ytic

m gonductor | ayer of the photocatal ytic entity. 44,
B AP e S onhEie Phepree ama St sdditouuiomprisisg atLeast
hrdially Baoving BRELEE of Be M Adn 3 bl o4l i
gvithmt/he pho gcat al Qst?g?g%dlag so#&:’%%@%??’uﬁ%ﬁ?éﬁgzmefrom
efpded to illum nate the photocatal yst in contact
wth the fluid with a wavel ength of light, or mxture
of wavel engths, effective to degrade organic

ARt eAnabparatiBlcOfipfigingf 0zone when in contact with the
first or the second photocatal ytic sem conductor |ayer

of thEhoiReAtalyte antityaccording s Clgipai2at us conpri si ng: a

hot i €. entdt. ar di 0. i 2 and.a .
phot Searer MBI RS S en ol B BhorBedtideptycand
ent i & b@sce efitlhmidatidaidispesdd tbiksmMeietBe ARAOEAIPEC Efity in contact
cl |mti2; g reactor in which a fluid nay be contacted
firth e g St wavelenath of Beht; erymixtire of wapelengibaeslstise; to degrade

&adhnic materials, halogens or ozone when in contact with the first or the second

photocatalytic semiconductor layer of the photocatalytic entity.

44.  An apparatus comprising:

a photocatalyst according to claim 38;

a reactor in which a fluid may be contacted with the photocatalyst; and
a source of illumination disposed to illuminate the photocatalyst in contact with the fluid
with a wavelength of light, or mixture of wavelengths, effective to degrade organic
materials, chlorine or ozone when in contact with the first or the second photocatalytic

semiconductor layer of the photocatalyst.

45.  An apparatus comprising:

a photocatalytic entity according to Claim 12 and a photocatalyst comprising a
plurality of photocatalytic entities, each of said entities being according to claim 12;

a reactor in which a fluid may be contacted with the photocatalytic entity and the
photocatalyst; and

a source of illumination disposed to illuminate the photocatalytic entity and the

photocatalyst in contact with the fluid with a wavelength of light, or mixture of
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a source of illumnation disposed to illumnate the
phot ocatal ytic entity and the photocatal yst in contact

wawdaok/os49e4 f 1 uid with a wavel ength of |ight, orP@i/SG208000400

of wavel engt hs, effective to dggr ade organic material s,
hal ogens or ozone when in contdact with the first or

the second phot ocatal ytic sem conductor |ayer of the
photocatal ytic entity and of the photocatal yst. 46. An
wpydengths ededivedo degrade aiganiomaatertals, h8loghas @mzonh when in contact

tal yst i { din. t
RIBYRCAF R o SR IAOBE saRi bGPt cy
ARDEITtRE PBota&Lalysli ng to any one of claims 43 to 45; and
a treatnent nodul e coupled to the reactor. 48. A

system for purification of a fluid conpr|3| ng: an

ARPAAALHSACE LA, LOANY 4PUPASL LAY e b B lia%%stmned

treat oup rea tOf

inr eadareitcolmdill e conpri ses a separation menbr ane.
A systemfor purification of a fluid conprising: an
apparatus according to any one of clains 43 to 45; and

LA rg%@%&tfogg@%&nsmhmﬁ @ﬁlﬁﬁ ﬁaot or, having

means to rec a portion o uid exiting from
t he quammammdlﬁﬂgtotanytoheof claoho43 toAD; ahlde of a

system for purificatio @1 UId conprising: an
appa?g]fJ Ywey 851'61Fﬁ@u316‘5159n 36??8 %f clains 43 to 45; and
a treatnent nodul e coupled to the reactor, for the

purification of a fluid. 51. A nmethod for purifying a
‘ﬂ$.uidscfstnmrﬁospmgﬁqaagsi0ﬁgfhlhb0drﬂlpﬂw1g hrough a system

for purifi atlon of a rising:
e aBbinar i aekiia oy aning SR 3 RATRRE S to g
and atbitfrhimbiuleesuled fompk&edidro t he reactor.

wherein the treatment module comprises a separation membrane.

49. A system for purification of a fluid comprising:
an apparatus according to any one of claims 43 to 45; and
a treatment module coupled to the reactor,
having means to recycle a portion of the fluid exiting from the treatment module to the

reactor.

50. Use of a system for purification of a fluid comprising:
an apparatus according to any one of claims 43 to 45; and
a treatment module coupled to the reactor,

for the purification of a fluid.

51. A method for purifying a fluid comprising passing the fluid through a system for
purification of a fluid, said system comprising:
an apparatus according to any one of claims 43 to 45; and

a treatment module coupled to the reactor.



