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WO 2006/054954 PCTISG2005/000400 1 . Fabrication Of A Densely

W 85594()\%%n0-8tructured Photocatalyst For Environmental ﬁﬁgg%%%ggj&o 100
echnica uid medium,

ield This invention relates to the purification of a
and more particularly to the absorptiop, reduction or removal from water
of organic pollutants, Background Art io Titanium dioxide can be used in
photocatalytic degradation of organic compounds, as described by J. H.

Careﬁ‘&ﬁwﬁaﬁm@@ﬁé@&m@-@qﬂ@ﬁ?g&'?%?&%ﬁ%\ﬁ}?@?f

characteristics of humic acids”, Water Science and Techno

No. 9, pp. 65-72, 1996. EarévormanfalMaicABASumic acids, which are
aromatic compounds, are degraded into less aromatic and simpler
compounds through photocatalytic oxidation. 15 Most of the laboratory
reactions involve forming a suspension of particulate titanium dioxide, or
other photocatalytic semiconduglQ,if.Wgkalgontaining organic pollutants
that are to be converted into harmless by-products. A disadvantage of

Thinigyrpiden e teBinmettnaionricativionoskvan snd sorensaivelngieto the
absHRRUA ARXHe R RIYLHR SR SUPSEANENHYITemAYed 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. Thergsigfher{gteg-peed for a photocatalyst
. which is highly effective in photochemical 25 degradation of organic
Titaniperidieane (iRt el i eholerst+bitie dearndrionofraganimeanennds, as

dedRORQI FPRNIL DA iale A LAY RIS ARl dRS BN UERS UgSADRBIRE on
" of the present invention to ameliorate the disadvantage of the prior art. It

chagoterishisindupjisceesisadbaeinecimere mrehiisrew fgad VAL idtndiooBjag: 65-72,
1998 teayvide pRRsiadWirRY EicatioRaysiem iRt IR SAPMeiialy

domestic use. 2 Summa(riy of Invention
degraded into less aromatic and simpler compounds through photocatalytic oxidation.

Most of the laboratory reactions involve forming a suspension of particulate titanium
dioxide, or other photocatalytic semiconductor, in water containing organic pollutants that
are to be converted into harmless by-products. A disadvantage of this procedure for
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 exiremely .

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
1t 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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In a first aspect, there is provided a photocatalytic assembly comprising: -
a first photocatalytic semiconductor layer, and - a material selected from
the group consisting of a metal, a metal alloy, a metal s oxide and
mixtures thereof, said material being digposed on and/or in said first
layer. The photocatalytic assembly may further comprise a second
photocatalytic semiconductor layer disposed on and/or in said material. io
The first and/or the second pheieneaig!\diasesmigenductors may be
0 narg?-{structur%gj. The rgg%%pd gpottoc%t lytic semianductor may be the
AME a’i@%%’flrsetr%hsé%océ ayﬁ Semicondudor %lb 4 rﬁ%}%ég Hterent, and
the s@%wﬁgwwﬁg@ﬁgﬁa@%egeﬁ@onductor layer may be

the same as the structure of the first photocatalytic semiconductor layer

orit redyabeiglrhetestedtirenitbe arenpraprsistiagef prottebatappial alloy, a metal
Semieanlickar B RIREMAY COMRIP S UIBAN DAIPAS QL DAY GUPRIISEA Srst

zinc sulfide or it may comprise another suitable"photocatalytic
semid&¥fuctor. The first and/or second photocatalytic semiconductor

TS BRAM BRI RESBR R HethEr ddHanmL diexds »EBe R s emiconductor
dioxide may have an anatase crystal structure. The firSt semiconductor
1%%?%%?%@@@6@6 wivtheaEiakial, or the material may form a layer on

the first semiconductor 20 layer or the first semiconductor layer may both

be doped with the material and have a layer of the material thereon. The
Thedieh aPe{ay the seermdplintocatdii o seai ermeratiraRogy aerneagttvetured, The

s&smm&m%ﬂwﬁ%@fﬁ@ﬁgga&%@%ﬁ@%%&%’
Pt- Ru, Ni-Zr, Pt-Rh, Pt-Ir, Pt-Ru-W, Pt-Ru-Qs, Pt-Ru-Sn, Pt-NI-Ti,
sepsgReRcior R Ky iR ato dpdhibesoxdss afshe srsopdnbetbosidets
sl HidasioluRgSieR0 e 8% SRnH MRt A EAX GRS JUhRAIIM
oxides and mixtures thereof. The transition metals may include silver,

segTRRFEYo Thetdlangohe dibseenteths, firstandles tucezendathotasatelpic
sefficdAdRBIEMRAIIION! BRGAS BB BRI QRRIRRAH ﬂ@pn*se zinc sulfide or it

semiconductor layers, and so material disposed on and/or in'said layers,

IRy APRPRTe SERthe ARt REPAcHa HaaitmRisondpeter nidy Bestrdiameeand
photstifiarent RiieonaisrialRdha-layoaibARdioni thedirstdayetW Qioxide. The
.,.2006/054954 PCT/SG2005/000400

titanium dioxide may have an anatase crystal stracturs. The first semiconductor layer may
be doped with the material, or the material may form a layer on the first semiconductor
layer or the first semiconductor layer may both be doped with the material and have &
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, S, Pt-Sn, Pt-Mo, Pt-
Ru, Ni-Zr, Pt-Rb, Pt-Ir, Pt-Ru-W, Pt-Ru-Os, Pt-Ru-Sn, P&-Ni-Ti, Pt-Ni-Zr, Pt-Ni-Nb,
platinum group metal oxides, gold group metal oxides, tin oxides, tungsten oxides,
iridivm oxides, rhodimn_ 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 Iayer on and/or in the first

layer.
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3 . In one embodiment, there is provided a photocatalytic entity, which

wo SOfRREIsRs: - a substrate; and - a photocatalytic assembly acgphdiRg iR 400

first aspect, said assembly being s disposed on, in, or both in and on the

substrate. In‘a second aspect, there is provided a photocat-a]ytic entity,

which comprises a substrate; . a photocatalytic assembly comprising a

first photocatalytic. semiconductor layer,. and a to material selected from

the group consisting of a metal, a metal alloy, a metal oxide and mixtures
iihereat naithaialeniat heing isnosachan AL hsaidistiysiraaid

assembly being disposed on, in, or both in and on the substrate; and a

secoadpibrseasytic semiconductor layer disposed on, in, or both in and

on saj ial. rej id.secon togatalytic semiconductar r

s R B T R e

layerdishesphomdatalyticthssembbnnthy fuktkteateomprise a second

photocatalytic layer disposed on, in, or both in and on said material. 20

The phaotocatalytic assembly may be on the surface of the substrate or it
h"iﬁ\é?FB%%ﬁﬂ?ﬁtﬁB?éesl?rPfH‘é’i‘??o%ﬁié@éﬂé'rlﬁ%%&'yﬁ@éifpiawlymmmuef@ce of
. thg g > and partly within pores in the substrate or it may be

attached to some other part of the substrate. The photocatalytic assembly .

mayppaieisrdeidtessubbtratenpriilipay RRrpIosiE AN BenRUASHAIS 25 and s

rovided a process for making photocatalyfic ’

: e.mbodiment, there is ,
'm%e&ﬁ‘%fg%ﬁc%%&&%% GHE SRS HETHbpb iy alfryt 2 metal oxide and
mihuts databytic sbinienad|Ciel-p)esRga YDA AN ISRPSIIND Bix assermbiy

ma’gg%jé;ll on, in,.or b%h in-and on said first layer, said material béing 30
Ct r

T séle %f?{rio’?ﬁ’t’r?éod %%ﬁ%ﬁ@ﬁ@fﬁl,@%etal alloy, a metal oxide
= sacshdphdivesalpetantiadte: i asBRphess PR YHE] 2 RS U areria

.. making,photocatalytic entity, said process
thrca{(n sguﬁ) Y Y b

second phiotocatalytic semiconductor tayer has a finer nﬁcrdétrucuﬁe tban the

first photocatalytic semicondutor layer

The photocatalytic assembly may forther comprise a second photocatalytic layer disposed

on, in, or both in and on said material.

The photocatalytic assembly may be on the surface of the substrate or it may be within
pores in the substrate or it may be partly on the surface of the substrate and partly within
pores in the substrate or it may be attached to some other part of the substrate. The
photocatalytic assembly may partly coat the substrate or it may completely coat the
substrate,

In one embodiment, there is provided a process for making photocatalytic entity, said process

comprising the steps of:

— depositing a first photocatalytic semiconductor layer on 2 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.



comprising the steps of: depositing a first photocatalytic semiconductor
layer- an a substrate; 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; and depositing a
second photocatalytic semiconductor layer on, In, or both in and on said
material; wherein said second phot@€atalytic semiconductor layer has a
finer: micro structure than the first photocatalytiic semiconductor-layer. In
Igré]iet GH[H %gdég?et?l%r%hiesrgré%l re%\/lde{gcg{) r Cesgkfior mﬁoingaphogg%% %ytsald process
entity, said process compnsmg% steps ot é’éﬁ’o& mng Rl
hmms:at;atyﬂcstspméonductor layer on a substrate, said layer comprising

a material on; in or both.in and on said first layer, said material being

seleLtRAFHigRARES GRbalo HttiFRgor epARctar, vieraalzabyiratenetal oxide
and gidures dheraakalnod fakrth 838G heieds 9&&V§§§ @% o%%%sm%mal being

"~ making photocatalytic entity, said process comprising t
slgstdtiiera e Ephetcoaniite, demivetayistordayeliop a sutistratéiesaid mixtuses
@&; c?% prising a material selected from the group consisting of a metal, .

a metal alloy, a metal. -oxide and mixtures thereof; and depositing a

@emg)raowmmmmmmmm, iy@r fothunangeD saighd on said
mate#T g/hereln aid s ocatalytlc semiconductor Iayer hasa

iR 18 S 16 SSRIGRRASSIF dBYr R Y@ migrestucture

tRIRERSHOR ﬂhﬁb&@a@%é%ﬁﬁﬂ&ﬂf@%@e step of depositing a second -
photocatalytic semiconductor layer on,’in or both-in and on said material.

4 The process of depositing the first photocatalytic semiconductor layer

Im;e@@fh@dﬁg@eﬁn@h&gr@ ing ste mersing the .
cSybstrate in a solutlon of%aq%tﬁgég%/’éq%%ests t%’ﬁ.mgﬁéfb%e ALY OF GaHI: said process

CSORERPSIG SRRy the substrate from the solution:
-~ depositing a first photocatalytic semiconductor layer on a substrate, said layer
comprising & material on, in or both in and on said frst iayer, said material being

selected from the group consisting of 2 metal, a metal alloy, a metal oxide and
mixtures thereof.

In a fourth aspect, there is provided a process for making photocatalytic entity, said process
comprising the step of:

depom&ng a first photocataiytlc scmconduczm aner en a substrate, said layer

‘ compnsmg a matenal sele:ctcd from the group consisting of.a metal, a metal aﬁoy, a mctal. -

oxide and mixtures thcmof and |

‘ depgsitmg a second photocaiaxyﬁic semiconductor Eé}rér on, in, or both in and on said

- material; wherein said second .phototataiyﬁc sé:rtﬁconductar layer has a finer microstrucure
‘. than the first photocatalytic semiconductor layer. |

The processes above may further comprise the step of depositing 2 second photocatalytic

semiconductor layer on, in or both in and on said material.
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- exposing the substrate to air or some other gas containing water vapour;
and - heating the substrate with a first layer. The hydrolysable titanium
species may be an a C' to C6 straight chain or branched 10 alkoxide, and
may be a primary, secondary or tertiary4alkoxide, or it may be some other
hydrolysable titanium species. The material may be a metal or a metal
oxide or metal alloy, and may be selected from the group consisting of
Theansrrn phdenostimgribshrsprimipcptahiionrmicpadRhtop ldyePmty Rumptise one
or PRt 0P R Blsh- Ti, PENI-Zr, Pt-Ni-Nb, platinum group metal
oxides, gold group metal oxides, tin oxides, tungsten oxides, iridium
oxideEEHRE sk rabstratathichomigietadndinlyaads thenooh Fesies in an
transgiigm%@l‘semay include silver, platinum group metals, gold group
metals, Ir, Ru, Os, Mo, Zr, Cu, Nb, and Rh. 20 The step of depositing a
layerrewiangiiavashaigdhiay e Isplptaripitation, impregnation,

phot It] tter in by some other convenient
oo T s s o AN S T ahfagF eod
layerherdingdhepsisesisateeitistefisttinthe. process of depositing the first

layer, and the hydrolysable titanium species to zs be used in making the
second photocatalytic semiconductor layer may be the same as or

Theitfgdeolyzabhe tipdroty smstéetitnitbe spec@sttoestatthiniaakinG e fiegt
hotocatalytic _semiconductor layer. In an embodjment, one.or more

B e R A oo O G psome ofber

bydeshisdridiittornmaygizeiacdded to the substrate. In a fifth aspect, there is

provided a photocatalytic entity, when made by the process of the third
aspect. 5 In a sixth aspect, there is provided a photocatalyst entity,

Theomgeisahguaphe aliyetd phatocatbiyticie ofitiest dlcdhrding dadhetraeiadar from

rt ct..some of the entiti b ording to.the second
o o S N B Slen o ey g T, -
Rualiva dteRaindntd* s SooRt dsBe Rt taNikzy Mmayildtalbheenrdingie thetal oxides,

Qr they.may.be according to both the second and fourth .

go{z?sggcté. In%glt s%%éﬁ?%gégﬁ’prg\%sggaqammgfhén %P’d%’éljr}ae&frrfé%ﬁ&gh%“des’
ruthraieriasridatogeheirers ieerrof filid tensiiisingetals may include silver,
platinum group metals, gold group metals, Ir, Ru, Os, Mo, Zr, Cu, Nb, and Rh.

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 o
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, there is provided a photocatalytic entity, when made by the process of the

third aspect.
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io - contacting a photocatalyst according to the fifth aspect, and/or a
photocatalytic entity according to the second or fourth aspects, with the
fluid; and - illuminating said photocatalyst and/or photocatalytic entity in
contact with the fluid. The halogens may comprise fluorine, chlorine,
bromine or iodine. is 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. The illuminating may use a

InwaygleRgih-Otlights grmixaae siocveleng s o festive it Jegiadery
organic materials, halogens or ozone when in contact with the
of shsiseatallyie spiiep petordingdenseroniei niatitrampayt bBdar af the entities
j | t ' f r ton,of organic matter
e D ool 08 (0B C  E T R e, o
thenmrukralbrerering trdhesasand mectivs toomay dsall abcording to the fourth
tQeatal ' ' [ ocatalysts, the
e e e e MR i
the fluid is contained, 25 temperature and other factors. The contacting
In tegy b@f_byhﬂeémgrof/'ﬂ%meﬂdﬂh@jthg pbetanatabyshHic Rl OR M ABaY: RS ozone
in 9%19@1556%{@ _uld through the photocatalyst or past the catalyst or it may
be by some other means. The method may also include the step of

Sepaggline, g PaalnGelalek Uom AR I0G 1l 1o Seer sl el Dty

means of settling, filtration or centrifugation or some” othér s

metHItYASCRDUBHBUDE 4RO SCROOE/GEREAS, Gith e dmbodiment, the

photmgiﬁn itV | t least partially coated with the .

photocatalytic %%&n%étgﬁggeg%%nag%gé# %@Xﬁfcﬁ%ﬁm with the
meai&tig passing the fluid past, through or over the photocatalytic entity.

THA IA8IRERRIVIC SRV, -form.of a surface.may alsg be used in
combi%l%ation vxgl)ith a %%%é?t%ﬁ%{a&g%%&m%?%g X§ KiR%spect. The
method may also include the step of at least partially removing products of

m@%ﬂfﬁ%ﬂ%@@%ﬁ&%ﬁ@?ﬂg'ﬁqﬁﬂ%&é@é‘éﬂ% it may be some other liguid, or it
may be steam or some other vapour, or it may be air or it may be some other gas. The
illuminating may use a wavelength of light, or mixture of wavelengths, effective to
degrads organic materials, halogens or ozone when in contact with the photocatalyst or
photocatalytic entity. The illumination may be for a time suitable for the desired degree of
degradation of organic matter, halogens or ozone in the fluid. 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 finid is contained,

ternperature and other factors.

The contacting may be by means of suspending the photocatalyst in the fluid or it may be
by passing the fiuid 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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is The photocatalytic assembly according to the first aspect or a
photocatalytic entity according to the second or fifth aspects or a

wo 200RIefAakalyst according to the sixth aspect can be used to gegragsies/ooodoo
and/or adsorb one or more organic materials, halogens or ozone in a
fluid. In an eighth aspect, there is pro¥ided an apparatus comprising: - a
pnotocatatyuc entity accoramg to the second or fourth aspects and/or a
15 photocatalyst according to the sixth aspect; - a reactor in which a fluid

In amemiseivomgdiedphitiockialptioesitabytic swfigcatd rest paoietstempsed aidh the

- a ree of illuminag] ' (e ' ' ' :
B R oseins
the fhijduresbthenglave teregtivs, réftdotatalidemtiye dpjrtiecataitgimgntity in the

halogens.or ' | ISt Qr. :
for e e A R T O T SRR, scoprams ot
sixtplasgechtalyst. The apparatus may be suitable for degrading organic

materials, halogens or ozone in a 25 fluid in accordance with the method

of the seventh aspect. The apparatus may additionally comprise means
Thetmethnstrnay thecphohedathbsicreniia} ewigraphdivosmlysnyindugie of
decARparatus, and may also,comprise ns for the fluid to enter and exit the

apparatus. 3 e means to constrain the photocatalytic entity and/or

photocatalyst may be for example a filter which is capable of preventing

passage of the phot IG-entity.. 7 [ j ;
i e N e R
acosuBpEheite #hemid aclityatpssts oroe photovethbistacboring e, esixth aspect

paratus eomprise | | - :
oo R A B B goone o
a flwedthe first aspect. The means to constrain the photocatalytic entity may

be an attachment between the photocatalytic entity and another portion of

In ath@MaPAALS et Rxempledne piatenatatytiprénitity may be attached to

the wWalls OLArSRCQRNQMAR WG e fbighdl@Wsurth aspects and/or

photocatalyst according to the sixth aspect;

— areactor in which a fluid may be contacted with the photocatalytic entity and/or
photocatalyst; and

~ & source of illumination disposed to illuminate the photocatalytic entity and/or
phétocataiyst in contact with the fluid with a wavelength of light, or mixtore 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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10 In a further embodiment, packed bed technology is used whereby the
photocatalyst is constrained in a reactor column. The apparatus
according to the eighth aspect can be used to degrade organic materials
in a is fluid. In a ninth aspect, there is provided a system for purification of
a fluid comprising: - an apparatus according to the eighth aspect of the
invention, and 20 - a treatment module coupled to the reactor of the

In apparaddindhetieatinert Ao - CorPHsehaSeRFRHAN MGIBANS MRtuid,
an&}*{ﬁessgr%%ratlomembran m%)%be a filtration membrane, or a

eSO hTeTBRdes BY B¢ 6RFffration membrane, or a reverse

osmosis membrane, or it may comprise a combination of 25 membranes.

The, separation m rane may be capable of separating a fluid into a_
I e SR A T, TPRESE AR SRS ArB P AL GUDCTAIR) i n the
foroonfprisefacdeivieins hat diyiovexChamgepbba S ERWHbE SURGing to the
ﬁrSggtakﬁlseregtu;f'b.iilcation unit. The fluid ma}/mbe %@tet or it may be aqueous based

P TE Ay Be SRS SHEPRTAR B RIRISFHa iRty B acinatoahaent
betgretmtay tieeicaalivtivayte sofnother gasiodlMinnepladinest eibfple the

stem is configured such that, in gperation, effluent from the reactor i
ph%égg%e%ﬁg ?h%g %@&? r qr@a%%e F‘%dﬂ%éﬁ@%&ﬁ@%%ﬁmﬂmd
flomodule to purify the effluent from the reactor. 8 The system has means

to recycle a portion of the fluid exiting from the treatment module to the

reactor. For example, if the treatment module comprises a membrane, the
In zbmthatratbodaydne, mekelbted Hhbderaipiansih e ReEReale PR BRalyst is
Con%gtguggd fré)nga%r{e sc(s)éstem. The means to recycle may be, for example, a

plpelfeaé?ng Hromng ent module to the reactor. In another

embodiment, the system is configured such that, in operation, fluid passes

from_the treatment module. to the reactor. |n this emhodiment, the o
T Rt Fead Ny SR SSHE (EMEREI0D (PR bsaee myerals n
fluidnother embodiment, there is more than one treatment module. The

system may be

Ir a ninth aspect, there is provided a system for purification of a fluid comprising:
—~ an apparatus according to the eighth aspect of the invention, 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 2 reverse osmosis membrane, or it may comprise a combination of
membranes. The separation membrane may be capable of separating a fiuid 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 liguid, 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, effiuent from the
reactor passes from the reactor to the treatment module to epable the treatment module to

purify the effluent from the reactor.
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for example configured such that, in operation, fluid passes through a first
treatment module to the reactor, and from the reactor to a second
treatment module. There may be is means to recycle a portion of the fluid
exiting from the second treatment mod@le to the reactor. In a tenth
aspect, there is provided the use of the system according to the ninth
aspect for the purification of a fluid. 20 In an eleventh aspect, there is
provided a method for purifying a fluid comprising passing the fluid

t ' ' inventien. 25
T HEM ARG i D B R B G module
to the atanofol exexamiel qitfdhovatermend o phltdouiapyi ttresimanticneciates

' ' i t h tural
colfb A BPNR A0S oRAatan o2 SRR A S S BR HR e
sygietychies obtphe iy tsqRBBIRY bih florestrapiess pipe bndidmfroenthe treatment

fé’?{“ﬁér fone, carbon monoxide, methyl ethyl ketone, styrene,
mto uene, acetaigehyde and formaldehyde, micro-organisms such as

bacteria, viruses, fungi, mites and allergens, and WO 2006/054954

P (0) | t o] et
I e e B B K1 Bhosesfrom
thohpaticobmpdilade bereaiars im this sovbatdimentafist reatsproneetalingap act as
aﬁfk‘?ﬁéﬂﬂ‘éﬂi'%} EI&%M glum, the technology can also be s applied to

accelerate total organic carbon (TOC) reduction, chlorine destruction and
also ozone destruction. The invention describes a novel photocatalyst

i ' - ' ct I
O A TS may e
foriespogud ehafisned vl thdr siropanitirenidleid pessdsitbrauge gfivstgreatment

isti ' ' h :
o A T may be
memap phereleralosionayf Be fhed evirnadromitheskigmdbgtmentmadule to the
readayelength that will activate the photocatalytic assembly for

In a tenth aspect, there is provided the use of the system according to the ninth aspect for the

purification of a fluid.

In an eleventh aspect, 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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purification of fluids by adsorption and/or degradation of pollutants. 15 An
woPhiRghabthe present invention is to apply this invention to a pyagiicad fidighoson

purification system for either commercial or domestic use, for example for

the purification of potable water or for tf¢ating water from natural sources

such as reservoirs, streams, groundwater or even wastewater for reuse.

20 In its preferred form, the present invention addresses this problem by
seedle G loaye ragh sanehasoe wirod siteh smcdioeade sl saagentsir, ozone

alRfuaeskenstahan aRdigLIR b eosiiares ALRAIRYS sHRstpIRSuCch as iron

oxide, silica, alumina, activated carbon, general zeolite, zinc oxide or
some other suitable material. 25 The substrate The substrate may be

TR RRRUREPLp AR RO R RREHR AEALBPY MLIRARIRIMPATOS 1A RRIBYS can also be

substrate may be suitable to act as an adsorbent for pollutants, inorganic
agplisd dmrecslerpintaiabesgissaemEhate fsdashivniciealyedeptiaction and also

osbRstalgBaycomprise silica or it 30 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

TROHIEAEA@eEMRs R v BHbaiemAsOs IS iRprsel 2 BYerapasticliructured

a hollow microparticle, a fibre, a bead, a plate or some other suitable

segticOuF RT B oPk birmodpel Stotss i thebratareanductor

i HHaERhHSQMeHRIBSh 8haRe MEILMANDER WG RES YRS BAIRT 0B isting of
be sufficiently large to enable it to separate from a fluid by either settling

2 gneipkatigistehilpiafveral R daradae Ty sarfornd ARraarosRIfwYE
séhRedaneved Memnadhye dpditurtianonseatpfiastion fk .suReR @ether

suitable method. The hydrodynamic 5 diameter of the substrate maybe

v 3B ehspes idhohvariglenst thalrad asbvaisdho phoraielyin aiserlly for
pOrERIRIdh N flhids ByldkO:PHb. aRd sRa¥RedaeMaspéluRaiaons and 10

mm or between 100 microns and 5 mm or between 500 microns and 5
nun or between 1 and 5 mm, and may be about 10, 20, 50, 100, 200 or

AxbTeicEMBderasshttisivaiéda RQo apply this invention to a practical fluid
purification systern for either commercial or domestic use, for example for the
purification of potable water or for treating water from natural sources such as reservoirs,

streams, groundwater or even wastewater for reuse,

In its preferred form, the present invention addresses this problem by attaching a layered
nano-structured titanium 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, zine 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 snitable 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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used in a slurry or in suspension, or about 1, 2, 3, 4,5, 6, 7, 8, 9 or 10 mm

wofseg/@absirate in to be used as a packed bed. Alternatively, thersibsisatRoson
may be a surface. The substrate may conveniently have a large specific

surface area for coating with the photo]:gtalytic assembly. This may be
achieved with a porous structure, wherein the fluid to be treated may

thorouggrl}/ contact the photocatalytic assembly on and/or in the substrate,
SPRACH A E A S I AT S SR S Hiaan B 3rENEs o TR eEPpsrate may be

sufayelfioid sehic brably atessheiis P Reiaca i G ASRe MM AME RISt iiaha
ufficieni}%ﬁgl%r@on of the coated surfaces receives said light at an

1691 TBPRRATHHIACRRA ApREd RSB ke iymayeg from a fluid
bycfiiveianicbersedtiothe brasemn uentigmaremadd. MR axiEedieiinic

oxide m convenien%}/%yb;ﬁjsed as it is inexpensive and ma

. be
dipmsterodhietRaEtr; @%%Wﬁ&mgf%ﬁro%a@éqﬁ*?{erb%gféﬁeaooa 200
orfoom tliemadite jermaybemanuiasturad bnieaci omolsyrehiende Withons and 10

sodi hydroxide in water Qr by other suitabl ethods. The desired
%?6”8%%@5 Bt A 85%%%%?0@]%%8@@&%% between 1
andcEeleiaied gy ubing ethaoosenth athane sl aweadRyeRICHING 22 & be

a femperature above 35QC or the temperature may be above 400, 450,
s SR SRR B S S 630 br bk BB e substate

to W%%W&&Eﬁiaﬁ@eﬁwﬁaﬁbma%bﬁ@b@mh zﬁﬁﬁ'afé&o ThEQubstrate
550, 600 or §50C. The iron oxide obtained using this method is porous .

S AR S e e e T

astanililgtcthadisarptio adi paliidms aodalssuiaaititatemharassikansier®bluidated

30.to photareactive, sjtes, 2) Silica or glass beads: silica or glass beads
R e S et R AR i iAo SRR o> the
sulssalto meytand mfficha dbiapackitaipdi ghtsdbirvatElenM wRRe/Aa AR the

PCT/ 005/000400 11 hydrodynamic.diameter of the beads maybe
S e T e i
regrvaberaflddipht aPah atelfamrmagy leayiferhetteiod.0 microns and 10

mm or between 100 microns and 5 mm or between 500 microns and 5

mm or between 1 and 5 mm, and may be about 10, 20, 50, 100, 200 or
Exa@iphsorbmebeirstieibat ha?, Bpdemichily 18, Gaf ilinamrasndtisnpratorakiby:

between 1 and 10 mm. For better adhesion between the substrate and

the photocatalyst and also to increase the surface area
1} iron oxide: iron oxide may conveniently be used as it is inexpensive and may be

manufactured easily in a suitable form. Porous iron oxide in its preferred form (hematite)
may be manufactured by reaction of iron chloride with sodium hydroxide in water or by
other suitable 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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of the substrate, the substrate can be conditioned as follows: Silica or

wodlaGsdRaRds in the preferred size range may be prepared fogqalingyithoans
the photocatalytic entity by etching the silica surface with hydrofluoric

acid. In an example of this process, thé beads are io immersed into a
solution of between | and | OM HF, rinsed with ultrapure water and dried

prior to the coating process. The immersion maybe for a time between 0.5
hyshiadyrsuisbinssenetine heridhaybe ressertwn 2 GmdcBonourereatat they 20,

sfh%fr?;@b%%ﬁ5@0%%&0&3%@%&?&%& £, 43 8F PS04 IhIA f%t\%één 10

.5 hours or it may be ‘greater than’s hours. The temperature for

miaRy anhy bagrenhatien 10DTisrpeaRe STIDeRhetwsacS 6P iniscontard 5

min O BN APeieen-ka0 k1806 ANGM3ydeRPIEH 10808 Hicrons or -
120, 130, 140 or 150C. The time for drylna maé be between | and 6 hours

abaRll IndySbé: efvdefs 2 antd sombars deiveantotrd dhenmaljor better
adPRANPHEheln 3né sk S LM ShSh BN lY AYRIADIG,PAHICI8S Qi face area

owders may also be used as a substrate. For 20 example alumina

of ke Sobyiako ke wbsiate denbBcANERIANSIE Paieidnrese Silise Uselgsadends in the
prékﬁ%ﬁé@&éhﬂé@nﬂabﬁ%%{ﬁ%&%ﬂ%@ﬁﬁ@ WAL AR PHO® IURAL BIARS by etching

fibers, the walls of the reactor in contact with the fluid medium which"may

the sibey mskes withivdsoftaerie ssidrdedart ook 64 s pinsase bebeadgiaie
insaLree: e/l JhsRhoiesrialtic psseTRlY ﬁ@?ﬂ%@@%ﬁ%ﬁ'ﬁfﬁ?ﬁ?@m& Qhd dried

this invention comprises a layered photocatalytic semiconductor, doped
Prifffoa g ror i PFRAET Rl S| BBIBE HERTIAY BPJp TGty wrd-8end 5 hours or

baWRial PaReiehalYabmeiak Xt anEbmiXtirasiBe IRosHaRd0 M) iﬁzbréh,s 1,152,2.5

I’%osed on and/or in at least one of the layers of semiconductor.

:
3, S bty RSB ) R, AR 0 BT S GFrd Rt e igletaan 5 hous.
THYRRA0E AR AR SGP005(0RRA AR LABRE, BRSIGAEMID and 150°C of

semiconductor may be titanium’ dioxide, although other photocatalytic

betwhviedAdued IS S bdeisaandAg add prefsamyd memobstrbotdred), THE, 120, 130,
lytic semiconductor may be.the e as the first
L e O B e B bween 2

anthé kewonn béimtoeafahticshomicomductor eydrohiniag, e 4he safisamsthe
structure of the first photocatalytic semiconductor layer or it may

3) Commercially available particles or powders may also be used as a substrate. For
example alumina (Al,Os), zeolite, activated carbon, ceramic particles can be used as a

substrate.

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.



10

15

20

23

30

be different. A photocatalytic semiconductor which may be used in the

woPiRsaRidayention is titanium dioxide in the anatase form. If W%EEJ% 1000400
used as the photocatalytic semiconductor, a process which maybe used

for bonding it to the substrate is by an 1d&daptation of the known sol-gel
technique. 10 The material may be a metal or a metal oxide or metal alloy,
and may be selected from the group consisting of Sn, Pt-Sn, Pt-Mo,
TR pRatositEy tie st ey eoRueWh it RinOsdi GtRy hoPeiNitier photocatalytic
mﬁﬁ&&ﬁ&e@%@%‘%ﬁaeﬂ!@g Uéﬁcp{t%%%%ia&ﬁ!%%sZ—%%tgrroé{pfwest:gﬁlco%'des’
tin oxides, tungsten oxides, Iridiurn oxides, rhodium oxnfes, rUthenTam

phositetiaiie senivizedustahergobe The sramsit sherfieshishmagiel plistiseamiconductor
er%[% @@Eﬁ‘ﬁe@rﬂ; %d% &fﬂgtu%% %@!ﬁimﬁ%&a%lf Lr quli‘i’cosﬁu'\c/:lt%i‘ layer

r, CQ, Nb, Rh. Commonly the material may ver or platinum. The
mayzeike surscie dieshatiorgdibacbrisishieig wital yHetsdimaometattaayeaor it may

bpdRSiRlaide AR nidwes mfseédﬂam}ﬁ@ﬁ%%; gt m&i%mg‘%%esem invention

recombination ofphotogenerated electron-hole pairs produce one or

is fikgravat thexidmirBirnsiose by disnatiee isateribhathy betaveaistin
seRAREEHKRAIRLE E}r@d&@wﬁ@ﬁﬁ%}p{%{%@ﬁ Qﬁf@t&gdiﬁ R0 BN IRN b¥ an
of the'p he

adsorbed on the surface otocatalytic entity, thereby reducing
aderdeinbinbhsrkratep\apdras! cwigkiller, A. and Geriseher, H (1992), J.

Am. Chem. Soc., Vol. 114, p 5230). There is an optimum loading rate of

the material on a photocatalytic entity, and too much deposition maybe

Thremmirsialanrortpe redleliona Trabeistimumtid adiey rakmal Hepeindted from
e BRSNS AALE A ER, Paleriah AR ﬁ@%?ﬁ%}%?ﬁ-ﬁ%ﬁ%% Pt-Ru-Os,

weight, or between 0_.5 and ZL% or between 1 and y weight, and may
PiRuabo o 0.2 168, 2r, 230N, slatioywaighe weiehaidencgeldegioup metal
o:SHVEH NG ORlimmmLloRdingdate May: B8R0 %Y VEIARL AR Wrides and
work, it was unclear whether the metal was coated on the substrate

miydves dacrsp e hang e pesde maysapatianpareerscrlithshBordl), gold
an th@(mtgé?/ @l%ﬂ %?Rﬁicbgfﬁbng ,"@19 q@lb',l I %M&Il%e material may

photocatalyst. Relative to freshly prepared photocatalyst, the activity of

besiliaeppstinamiyievnaiel relrster Newdhaarsy Woistosasyostsl, a metal
al B B/ e 0OaR0OR: 13 Rbeteraialysiswbighreniainiaunaie dal 1ayshibination

similar to that of the present invention, have
of photogenerated electron-hole pairs produced in one or more of the semiconductor

layers. Said material may behave as an accelerator for transferring the photogenerated
electrons to oxygen adsorbed on the surface of the photocatalytic entity, thereby reducing
the recombination rate (Wang, C. M., Heller, A. and Gerischer, H (1992), J. Am. Chem.
Soc., Vol. 114, p 5230). There is an optimum loading rate of the material on a
photocatalytic entity, 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 illurnination of the photocatalyst. Relative to freshly prepared
photocatalyst, the activity of reused photocatalyst was decreased. Nevertheless,
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been observed to exhibit higher efficiency, even after repeated use, than

wPbRiogalalysts which comprise a substrate and a photoreactiycewsc 005/000400
semiconductor but no such layer. 5 Process for making a photocataFytlc

entity After application of a first semicot8luctor layer to a substrate, a layer
of material selected from the group consisting of a metal, a metal alloy, a
metal oxide and mixtures thereof is deposited on the first semiconductor

rhsferatmipstuBhishuromtisina sorteirbayic simliletdn fbatesfithd epesite dngantion, bave

pihe mateval JhisRig n gs,e ial to perform its,yole in 10 th
photocatalyst as an a?:%%?g?at%?é%%lt d@%ﬁ%ﬁfﬁﬁ%ﬁo@s&éﬁ%@? O%OGatﬁySts

vdieduensraiiay srovhatectsinlphetootativicendectuiydheriaiy re dudingite
recombination rate and improving efficiency. The material maybe trapped
between layers of semiconductor and may not be disassociated in the

Pﬁﬁmﬁﬁlmﬁlﬁmﬁaiﬁhﬁgmh@m&ﬂi%Whg first semiconductor layer is first
ﬁﬁ%‘?ﬁ%@ir‘ﬂﬁhﬂ%‘? MAGriRhREGL d0HE RN, AR a?é'%?%ﬁ%@?ﬁa%ﬁ selected

laye photocatalytic semiconductor which may be use e presen
fiptretheorqynitantisingiokimatelhne metlealtoformm et matdseis! usidoass thereof is

dBheiRERaIMHE BRTICANENUEIAME 20,80 %&W@%ﬁ@%&b&é&%ﬂéﬁfconductor

bonding it to the substrate is by an adaptation o nown sol-g
Iqgenisigerosted amibe meleralniisrmasationatles Sut-tetdstr dinperform its role in
tHEPRRIBERMAY REL TRV ﬂ‘ﬁ%’i%ﬁﬁﬂé%ﬁ%&fﬁ&%%ﬁ SAWAN s away

second photocatalytic semiconductor layers in order t© achieve different

iRy Hrerchs TedaniagAbsgrecanbiantion rate and

iRe¥isle. JRTRR PR ARG AR IS Flis Slvarl N AR OFFRBIG SONMRRIor and

and is then reacted with a controlléd amount of an acid, such as aqueous
sk RoABRIdE R pnted datherlviaseriting gaeians may be used to

achieve controlled or accelerated hydrolysis in order to obtain the

required hydrolysis pathway such that 30 subsequent calcination

Alteaaisevhihe dsnlagsirradadatlameisdusb rdminmsosithdpvaaeda woer to

AEpUBiEha £ PRLIBELSRIMEAR ol TRWAYSER 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

AlgpRtepaxidedJdm cdimeisants NV R2006/0a# Bpth EfrESe 2RRA0A anium

dioxide in the anatase form. If anatase is used as the photocatalytic semiconductor, a
process which may be used for bonding it to the substrate is by an adaptation of the
known sol-gel technique, described below. In this invention, the sol-gel bonding
technique may be employed with different precursors for the first and second
photocatalytic semiconductor layers in order to achieve different morphologies in the

different layers.

In an example, a titanivm 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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14 solvent may be an alcohol or a mixture of alcohols. It may be a mixture

wo SRihapel and methanol and the proportion of methanol in theRixtdiSse0400
may be between 0 and 50% by weight or by volume, or between 15 and

45% or between 20 and 40% or betweéh 25 and 35% by weight or by
volume, and it may be about 0, 10, 15, 20, 25, 30, 35, 40, 45 or 50% 5 by

weight or by volume. The ratio of the titanium alkoxide and organic solvent
solyefé P DaPreantslahnb v wiFene ehalvebolss ianoiberenistimfaeé ethanol and

mEMRsRbolaavRsilaIsn L ChstiBhBIaw e T AGRSYS RS Q%E%silbea%&téﬁ% by

this technology, the molar ratio of the titanium alkoxide to the solvent can

weight RbRY Y4B e0bebuefd R radt Y aRE bebvren 201280 9% PO bevEeR2S5 and
3susate Ay B dinnsd ima tha iyt comsinmsobitianofliesnagively 48e4s or 50

first coating solution may be passed through or over’the substrfate or

biHiist e noise nidy Fiosddheditnginaeaike ddp snd e gondsesaivegnt is also
vaSRARC RO BhseaueBh A es uNRRi the BRI B Al & AR L rent

gas results in a controlled or accelerated hydrolysis process to éleld an is

CUEFHO TR tha ke thdRfideritrat isHuih énBisstesho domuchs, mplaratis of the
tit@HNAR GRS MAY tSAN BN IGIBNAIRINAROW 1Mo aGR AR b1y in the range of

_hédrolysable titanium species remaining on the substrate after removing
1389 dubtrate from the solution. The relative humidity of the air or other
gas may conveniently be greater than 10% or it may be greater than 20,

30, 40, 50, 60, 70, 80 or 90%, and may be between 10 and 100% or _
Thethsbratoonaira Soms oo henkies Rostiamerivim, Alarmstiyds dsdimbsoating

sohRic20md0 bePaabbdiBroAlhttth SR FOutdals of RE:BY AQRRIARBIDbe used

be for example air, nitrogen, carbon digxide, argon or other suitable gas.

o FRROSHORE SRRy et ftrRALR S BaeR gRUORFM MR BOMER the substrate

to effest aldersiparialipydralysigeiihed ydreiksableiddiyRSReci8s +d DRid an
length of fime wil _depeﬁd on the relative humidity and the temperature,
e I BUF S BS PO S ey bhssdtweerher gagmmay

cohﬁiéﬁ?@fﬂ%@dﬂtaﬁgté’r %}gi)ﬁrg@ @;5&1:1&521 bWﬁ%a%@ﬁtiﬁ??ﬁ%%@ Rethaining
qQurs, maybe about , , 8, 9.0r oursorit
on i RS AT L R GT s el e i B e i ymicity of
theastingathed garhyy pasetniailyiBEouGhp a0l OMESITORRY 50 B8 8fan 20,
3 chgvgﬁi%? I&etigad : d%?u KAfter a peg%o%sufficient to gffect0 at least partial .
hydraRYof th (g}- ) ys%qenmg figetween 10 and 100% or between 20 and 100%
or between 50 and 100%, and may be about 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 95 or
100%. The air or other gas may be for example air, nitrogen, carbon dioxide, argon or
other suitable gas. The substrate may be left in the air or other gas 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 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 pertod 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



10

15

20

25

30

species, the coated substrate may be heated in order to convert the

wPBBERRMLs layer to the anatase crystal structure with the desigedsa00s/0004600
structure. The result is a very tight bonding of the anatase layer with, to or

into the substrate, hence avoiding any significant amount of WO
2006/054954 PCT/SG20051000400 15 anatase entering the fluid to
which the photocatalytic entity maybe subsequently be exposed. This

Bk ERREY b i ovkichihorBraBNEE sTHE sutshambgrguietly be
expatageT e v ESHPEIAE MtBNadHt Javer MR%RSLHRUERALA and the

temperature above 350C or the temperature may be above 400, 450,

B3RsecGPREMRe whatimis it shsdie by ssmanbesbicted perieepengore above
S OPEHRYWERRARDANTBE0C00 458585 359 UL 3660200122 be

500, 550, 600 or 650C. Heating may be for a time sufficient to "convert'the
bristaay dp torkbtanatase hatystan SP0ad S USE wilyebedor 4F0atet #58PC3and may
HAS, 9 SRIGT 4 5.0 6 I ay,be.between 3.and 7 hours. .

or between' 3.5 én%@g.k 56 eﬁgl%fr)é %@ﬁéﬂgf\/@é’é‘#@ﬂgﬁ%g%rg& sggr%a@ WeB ngmem to
candest Shiading laret todychaabsutiIsBiStdictiard. 5nd nab b6, f6rpasater than 3 hours

r depositing a first photogatalytic semicaonductor layer

o B S0 Toh Sty Beieen 2.3 and 6.
howmpridielyirroguiad drystaliioe paalsni4s imdhb fehks anedalteyBavbisht 3, 3.5,4,
qgay l3e5dgt<—i,§cge‘(qr Lﬁj{ggrg\tomic force microscopy (AFM). An is example of

an AFM’image of a'semiconductor layer according to the invention is

shown in Fig. 5. Following the depositing of a first photocatalytic

Beicepducor the substrate., the material,is deposited .on lor .
in {Ee ?irst Ia;aee. g?% only L}%é}ﬁ%%ﬁ%};%% TS0 L SBUIRY R it qu ffitglts in a
sarferersontiiveofiistsemiconad ctystdyeninphidiegitecintationsalithe peaks, i.c.
hRPHegRALN It ecomposition and spytter coating ma

a sé) be used.v%ﬁ&@g%%ﬁgge&ﬁgg%ﬁgﬁ% %O{f%lg o%rgﬁ I é;rréjt%r(‘)é’ %&’?FM) An
epxampleliqehidhimazont ascMendetial layeAnaiytitak Te Mestuehntibthie shown
isglective photocatalytic deposition of platinum on titania-silica, mixtures

and silica-supported titania." J. Catal, 121, no. 2 25 (1990): pp 340-8).
Alternatively, an effective way of depositing the material on the first layer

FRIRRIR Wefslalienee AR AvOLIAN O CIAIIG RISEHISAN MR e ubetrate
intended metal and subsequently introducing the metal via sol-gel coa‘tllng ?
the etatsaish indenpsitee er and/or in the first layer. Commonly used methods for

depositing a material into and/or onto the first semiconductor layer include precipitation
and impregnation. In addition, photodecomposition and sputter coating may also be used.
These methods are documented in the open literature (for example Herrmann, J. M., and
Mansot, J. L. “Analytical TEM study of the selective photocatalytic deposition 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



10

15

20

25

30

The coat is then allowed to dry and heated using the same procedure and

woRiRElesisg described for the first coating layer. 30 Yet in anQifglaa06s/000400
procedure, the titania alkoxide and chosen metal alkoxide can be mixed in

a certain ratio, together with the organitésolvent ethanol or methanol to

form the augmented first coating layer. The augmented coat is then

allowed to dry and heated WO 2006/054954 PCT/SG2005/000400 16
usipgrigesersameqsebte dodepoil oy ofildes etid oritbleet fiost thrmfingt leyating

Sd@é’&{ue seauentiv %%ﬁg%%ﬁggg% {%ﬁ@s%%fo scribed below. A

second photocatalytic semicon eposited on and/or in
the material. s The process of depositing said second photocatalytic

A SERYIGORAUCIORSAVEE B SHUIRIIAIP B RIS RRE @c%g APRNE/ 9% the material,

depositing a first photocatalytic semiConductor layer, however a common

Thaarasesaslapesingspidisecest phiclesatibtic rstanivmobutbideis@Bilr to the
prJ&Ism@aeﬁeeaeisst%cképe@aﬁﬁﬁéaeﬁ&wo%%%@t@%% i d“%%%‘”

layer because the rqsult;ig microstructure is finer with smaller and moré
hayvRsEH fRFBRdH 0w sikpyidnisedmphrewtathicdmianeés tinninetbutoxide

(T@l THF A diPse 5@1@@édffﬂiiﬁ{adwg}h@%&ﬁwﬁfﬂ}tg@gﬁ;&%éﬁ%c%%&@&r layer

photocatalytic semiconductor layer with high peaks’and valleys may

bepgan e acqulinayriertudiuitostetardiwmetos wdinsoiesenifm nanosized
crﬂ%ﬂt%ﬁﬁﬂ%grrx}gm&h@ arRbeddarkpasHak %&W%%éﬂﬁi&?‘stmcme with

accelerator reducing recombination of electron-hole pairs, the

MRS ARGk entp Ao tBnRboteris iyt tssateopdoctes tavenyith high
peRRE@Hd §Hﬁ§§%@a§5ﬂi‘m&%m¥'§%}5@& %Mm%a{ﬁs%ﬁ%ﬂ?ﬁ%gﬁ%@ed for

above is a very tight bonding of a second anatase layer on the materia

phaiareationo iy heealn aivralmesfaminsbemnisripaselmgrend reducing
redRiBnEIR AR SRS BEHE Y RS XRAGTRAsAY IeRlY H%ﬁJiE;ﬁtucmred

photocatalytic semiconductor layer has a surface structure o
phptparishiticerelis e ant g Rabekrts anbighlegEicqens will be doped

with a metal, metal alloy, metal oxide or mixture thereof and then coated

with another layer of anatase crystal structure with a finer microstructure

The resulhahthepigssisrecsrirestahigie & very tight bonding of a second anatase layer

on the material hence avoiding any significant amount of anatase entering the fluid to

which the matrix may subsequently be exposed.

Ideally the first photocatalytic semiconductor layer has a surface structure of
interconnected crystals with high peaks and valleys. This will be doped with a metal,
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, chiorine 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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25 crystal grains to produce a densely packed novel nano-structured

W@%@@%Wtic entity. Under ideal conditions, one coating of Wsléyﬁséﬁ‘(m 160

required, however it may be necessary to repeat the coating process o
one or more layers in order to achieve &dequate coverage. 30 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
Thui [ inating the photocatalyst or photocatalytic entity in_contact .
S B e BE S0y S5 Ry or
migs hnstaant O sy cetizmeposthasgdoyibmey deisometetbenbquisr epit The
ABARE SIS other vapqur, or it may.be air ar it be some .
O S O SRR DR e g S et
clipBRsoxivaton bietvin ofganihminetiizispsychienne e ngtiedhibgin of héxture of
i L}gﬁ&_g@ﬂ O RaN: e f light,-or mdure of wavelengths
W(_affective to (j%%%%ée?%rg%%{g ém%%e%%l ;%é!l %C% o%écggo&%en%rv(\’/ en i‘F?%%}n]t%gf) ntact
withheebeteneiehtiy tiotdnuyd andlortiphawpsital}st witvelumblefliphiohlighte
Y08 Rssogiated wi I reater thanthe ban fthe .
y hot%catalytic sem%%%ﬁ%ﬁ%ﬁhﬁ%ﬁ%%%&?a?ﬁ%% %ﬁ%%?@lﬁ?ﬁtﬁg 1&;{%&{}fiuctor
ofHtse shatapitalifsthe phetosdaliyiiceidisp imorduapde, i banibotodivaides the
JigRbaRY-Beinthe M B%P% j i th,,m e less than 400
’ rim or less tﬁan 3810, 360, %%qg%{%%%a?%%%e ;ﬁrﬁ%eb?f%%s %%‘,’elmgﬂj
maR@siasaihee Hedmseardes drivh 480, H600D HOIARGD BO8AM600240) D20 or 160
mﬁ?%’@%aé@% 3L, n ar hetween 300
and 325 nm, and may ber%g%%g'? gﬁé@%‘% %g@ A?b%?f %ﬁ&em 250
amgh 3 300, @dtveon 276 2apd 659500 24benRe:30) ind BA D6 andnpandésibout
3ROENORN 2560361 31805 iGN ifPER)jdesh i o
light sources, or it m’aﬁm%?%%%mm%&ﬁ b?%jvgér\?glzgngt sg,}%aat%%@t%%loé %’?0’ 220,

2MIKTER 48, thrd iscrapgen Gk dtner phbiSomalhichsirpivonduictorsotheommercial
uvagieash ol Biedighl LeathJpay Mg%%%é@%ﬂﬁe%f agt[%%léj which is in

dioxide. The illumination may be for a time sui or the desired degree

the LB graaedinT siismpplintorsiatsticasmirmdraenn dpmwasdenstinf Thelight used
mifnee kAP eNchan e sanaaniial Qﬁ’bﬂﬂi%,nﬂ%rﬁlf?xfrﬁﬁgﬁ‘&cxﬁﬁr?tﬁ%rﬂf a time
concentration of chlorine or ozone in the fluid, the concentratiori of
suﬁﬁ%g%qgm@eéﬁ% dsgree of degradation of organic matter, chlorine or ozone in the
fluid. The time may depend on the concentration and natare of organic matter or
concentiration of chlorine or ozone in the fluid, the concentration of photocatalytic entities
in the suspension, the size of the photocatalytic entities, the intensity and wavelength of
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 cérbon (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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in the suspension, the size of the photocatalytic entities, the intensity and

Wo#lﬁﬁﬁbg%r of the illumination, the geometry of the vessel i%\gﬁ;}%ﬁq(gt&%/ﬁﬂﬂ400

s contained, temperature and other factors. 25 In addition,
photocatalyst can also be applied to actglerate total organic carbon (TOC)
reduction, chlorine destruction and also ozone destruction. The time may
be between | second and 1 hour, and may be between 10 seconds and 1
so hour or between 30 seconds and 1 hour or between 1 minute and 1

r een 5 and 45 minutes or between 5 and 30 minutes or ) .
S S e Ny b EOTy B aaet SR etalyic entity
indoofids! or dbvey bedyybpaein20h8OuidilEouEhas misuteshoibeaayyfer :
IS, r. WO 2006/054954 PCT/SG20 /OOO%%Q 18 The .
P D it G e By B0 iR o Byl gy oo include the
sishotbsaralstiogiitphivtahe Ayt Dot thayltd Ljeassngtihg fiaidib tauglans of
ol gﬂﬁgg}g catalyst or... photocatalytic entity.or it may be by some
Sothﬂé%?means. T e%%t%%gartﬁgg%ggr?ﬁc?% e ucla% ;sﬁé]foeg?os%{eparating the
photocatalyst from the fluid. The separating may be by means of settling,

' i trj ' some other sujtable method,. Sili las
D SO S L SR BB o B TRl g are
sehitesiatizlyarsprapatedne@mshndthodsiop ughgtaqahdystatalgsonadidica or glass
-silica_qr. is to use,a packed.bed method wherehy the
R B R TR e it
coligian. dPetlicalitdvsibeetfostineiliden frdsiitéebmsroenits, dinidithphomtratesource is
I ' ' il enuation and illuminate,regions .of .
o e B e P R rozions

oftea b wsalefitie assshohc el idoney dieentlis fArothe fi ghé tuodcfo This creates an
eﬂégﬂgmggg&ggm{gi 5,40 suspend a photocatalyst in the fluid by

agitation or somé othér convenient method. Due to the mixing of the
suspension, illumination of a majority of the photocatalytic entities is

im %ﬂ%ﬁail.&yt’otg\?s gﬁql g‘;@ﬂo%&%%srﬁ%%é fluid by
through a barrier able of constrainin

agitation or some other convenient method. Due to the mixing of the suspension,
illumination of a majority of the photocatalytic entities is achieved for a significant time.
Optionally, the fluid may exit the reactor through a barrier that is capable of constraining
the photocatalyst within the region of illumination but may permit passage of the fluid.
The batrier may be a filter or it may be a membrane or it may be a frit or it may be some

other form of selective barrier.

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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20 the photocatalyst within the region of illumination but may permit
%f the flwd.. The barrier may be a filter or it may be Fd:%@ﬁ{ 80400

or it may be a frit or it may be some other form of selective barrier. Tn yet

another method, the photocatalytic entity may be a surface at least

partially coated 25 with the photoreactive material of the first aspect. The

contacting may be by means of passing the fluid past, through or past the
Aphipteatasyaisending 1 tisctosatapi centitising thelfotomabilsisuefiity mdior a
prbERDEINSEd AP RN QDML 2 PRIRGRIA Shal e ISR Y ARty o

ucts of dé on of or

include the step of removing the pro gradati ganic

fideridisprouunend froreaenintidn maficalest opstether W@12006/054g54Said
&l RGROARGHA490 céﬁa_ﬁ%éB%@Hén%%%ﬁﬁﬂé%ﬁ%ﬂX%’Hi&%ﬁon embrane,
comprising a photocatalytic entity and/or a p otocatalyst, a reactor anlga
OB HRIAMETRbTISY PerusEerisyteiio penirend)uiditondymaybése a
SR GOINATOR YAl GASHARG c BELRAMEN, BOAUIC S es or they may

treatment module(s) may comprise a filtration membrane, or a
bewpiatinrerehonEailshest Alistaativeisafireaiorenharobrdamor owavinse deioniser
oS3 S OBMRIANE AL MAYCAMPSISS dn s AMRIAHORh MGmRranes.

The membranes may be hollow fibre membranesor they 1may e spiral

wound or flat sheet. Alternatively a treatment module may comprise a

TREIANS e QLA m@%@@@ elipEsishilation Hait gf ﬁ?é%@%fore the fluid

purification unit. 10 Treatment modules may be used either for

ereEs theatpaeiRt oA HeRtreiort eeefitivgnt fews tharreioninghissspecification,
“dfeatm e A e Slen oM ARSI I HR SRREHICHIOM e BIHERy serve to

from the reactor" refers to fluid that exits the reactor. Pre-treatment may

TERIIYR WA VE IR phdstiiesinco e faadrefliepuritioe suteing herisestor, and
trQSEIND ME"SARION: 82¢h HRAKRERE 9;%? eRIBYERbHRMBEIRACHRL A% not

remove some impurities that were not I5 degraded or removed by the
degspladprge bR HHE PRBATESpPS difsHd BPeey Faspie G ctmfldngsadation of

in??#ﬁ%@%ﬁ%ﬁﬁiﬁ&é@&i@f&ﬁé@ iRaRiQeaiieirarimenBRduiRiRd4S e ed for

treatment of the effluent from the reactor, the use of the apparatus to
treptreh gidheAlusel fEerm ysatiesithaenaithe roRatrEy tombfeast partially
deEeRieapuReels MaYHngwasR Ry Eatef thedieatieenh Rk S PiABRAYse the

.reduce the required frequency of cleaning of the
life of the treatment module, or may reduce the required frequency of cleaning of the

treatment module, relative to use of the treatment module alone. There may be more than
one treatment module, and there may be separate modules to function as a pre-treatment
module and as a treatment module for treatment 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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20 treatment module, relative to use of the treatment module alone. There
woBak s sapre than one treatment module, and there may be sepRE6)s/000460
modules to function as a pre-treatment module and as a treatment
module for treatment of the effluent fro®&he reactor. Commonly a
treatment module comprises a membrane. A membrane separates a fluid
into a permeate and a concentrate. Conveniently, the concentrate may be
Tigsgcled dlinsonraticeraressalation off the poeepsioleimpliitios phatasdialgst
aBEINALINEY ReSANGRERIEnMaY 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
FIERAPent ﬂ}@%&ﬁ&é’t@c@éﬁ%&ﬁ%%"&?e&f APMARGSINENBIHCR Willic materials
. how be described, by way of example, with réference to the
in Siduhsrrg artwingatohmeisisose deos/Bs8sielP CT/SG2005/000400
20 Figure 1 is a diagrammatic representation of the process for making a
photaocatalyst according to the present invention; Figure 2 is a

Fiagramniagearapraie Frutrsssteonasa annsoms o demeding anganic materials

i agtelipish&dha PuistahensivaphgiacatainiissiusRardeddnie, it me
Figure 3 is diagrammatic répresentation of an apparatus for degrading

AFYAHE materials in a fluid wherein a photocatalytic entity in the form of a
surface is attached to the apparatus; 10 Figure 3a is a diagrammatic

representation of another apparatus for degrading organic_materials in a

Vighrs whisraidoghromatitaRaresentalion afarothrorppatifat brolsaemdiegiqganic
mileARPR A8 aWhiGeIR AJRAIAGIATRIBAEG BRIRSRIHAUAR QhARce is attached to

apparatus for degrading organic materials in a fluid wherein a
theRBRsEARy st is constrained in a reactor column; Figure 4a is a
diagrammatic representation of another apparatus for degrading organic

.materials in a fluid wherein a photocatalyst is constrained in a reactor
Flg&‘ﬁ?rﬁ Js 8giagrammatic representation of an apparatus for degrading organic materials

in a thaid wherein a photocatalyst is constrained in a reactor column;

Figure 4a is a diagrammatic representation of another apparatus for degrading organic

materials in a fluid wherein a photocatalyst is constrained in a reactor column;
Figure 5 is an AFM image of a semiconductor layer according to the invention;

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

treatment module comprising a membrane is used;

Figore 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.

Figore 9 is a graph of removal efficiency vs hydraulic retention time .



10

15

20

23

30

Figure 5 is an AFM image of a semiconductor layer according to the

wo neRlgy Figure 6 is a diagrammatic representation of a syﬁgzﬂg{gmsmﬂmm

purifying a fluid, wherein a treatment module comprising a membrane is
used; 25 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

Fighrnés 2 flinarammalieremeareiaion sicnsypistulos pvehdegaitigure 9 is
a graph of removal efficiency vs hydraulic retention time. WO
2006/054954 PCT/SG2005/000400 21 Figure 10 is a diagrammatic
representation of a system for purifying air. Best Mode And Other Modes
For Carrytag @tddbheda\enignk Miaking e NS Omyention
photocatalytic entity In this invention, the sol-gel bonding technique may
be employed with different precursors for the first and second

MRRleaais SIS MGG IR ERIiedRE{P achieve different

marphologies in the different layers. r0 With reference to Figure 1, a first
Tn dhisiing SeORRIRe1- Behbsad e doriar eBa Ry Resgaplonadayithibieroat
proGafiom BIKeY desti 8l SR BROAAS: I s ERINRINA L IOF B R RO PR achieve

he range of 1:30 to, 1:70 by molar ratio, and is then reacted with a
diffsrrrbeghinlgfisdp tsnddirenb ¥R or some other aqueous acid, to

form coating solution 102. This process is may be used to achieve
WC@?%QIIed or accelerated hydrolysis in order to obtain the required

RIERCD IR S lich HrshQibiagqobiieniGRas sradeoarcastire dingreessel
10audaBoSiUSTHen I IR0 GS dNBYIPE1uReR) [N IRRN NS ERRINEm a solution

. Solution 1%, however a preferred feature of the coating solution is that it

in fs RS GHATION AKS b enpastEtiegnthis theniseriad Skitterisanialind amount of
colsepepedide1dPlohBe GigajG-oaly SEHMAY R 30 Atha6a0abANRINEY Srocess

ofglcohgrl{s. I%y be a m{ﬁté”e of ethanol and methanol and the )
M S SO B HETHRARTIRY I fRigfsRicrAte Badehde i riden dostginythe required
hydtelgbis@atlyway such that subsequent calcination produces the desired surface

structure. Other methods may be used for forming coating solution 102, however a
preferred feature of the coating solution is that it contain a titanium alkoxide, Preferably
the titanium alkoxide is titanium isopropoxide (TIP). The organic solvent may 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 flotatior.
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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volume. Substrate 106 may be dipped into first coating solution 102.

woPlissRalivgly first coating 25 solution 102 may be passed thrgpgh @5 el (o
substrate 106 or some other method may be used to expose substrate

106 to coating solution 102. Substrate 286 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.

mayhera Biyiace. Sehdkaipd OQilsBrimyerigettwish finté coetingsdsparate? for
béfomes fyikbyaithapseuling AR, 3B AL RAIRY they may be

sufficiently large to allow them to be Temoved from a fluid by filtration or
centrifugation or by some other suitable method. The hydrodynamic

Adiameiesval subsiate. 108 @@%%%@%&M@O%BMéQMsme 106 to air
Alternatively, substrate 106 WO 2006/054954 PCT/SG2005/000400 22

refdiue & seprlledngsnel@atebhyded vr caraptiatyitdeoanapbonstidanium
AR ReWEER 8808 AQULRNE REGIELBhI FOL ARON L JalH Rf%%om to

After removal of substrate 106 from coating Solution 102, exposure o

hydnodyesithe bydeolyvatl¢ didemiarm sreciftrenaipingcuctbeadsiyirafigsisemoving
sdpIRMEEAR Bl Al SHMRMBROVRLESDIYE LNAS B Of G SHANRAR Lty be

surfaces. The air may contain sufficient water vapour to hydrolyse the

eTsotoleas i rheintp Lofemtubalsthinair e adbae aublisinnt lornBomgt least
p&ail BYBRIINR BPMRGHEIYIM . TRG BRUYEUMIU QI IREREMAY il depend on

conveniently be greater than 10%. Substrate 106 may be left in air for a

therrdasiin Eumidiemdcthe auperat artid FTbI/BRIGEIAd MRS sablkhour.
StbaRie 5BesIsHI HGiReawh altipedvilhoensnd.M tBe %k?,f%eﬂ}gﬁggégbgtair
ubstrate

and the temperature, and may be between 1 minute and | hour.
th R B QT SRR 00 radnnsemmathsteeoneeest mthgdbassing

air through, past or over substrate 106 or by some other convenient

ethod. 15 After at least partial hydrolysis of the hydrolysable titanium
A?ﬁéé@&?%?&&&é@%&%ﬁ%h%%&%h&év%% spfftisharated apptrate 110

mBpdtegdnserded 0 eanver&ine Bmarphaus iaYeddedRBARNARE £hsHMous layer to
structure with the desired sfructure. Hﬁatlng may be conducted in furnace

th 1931850 S STOIRISEUR dsrdrsitan s s s et dasendpgied in

futeaveerBRyite batoviee JBRE nteating Weanpe TRRBHINE.SHE SABLIR GO B perature
the first layer to.the anatase 20 crystal structure, and may be for between
angéfh%Sé ﬁ%lg}ggtmg may be for a timie sufficient to convert thé first layer to the anatase

crystal structure, and may be for between 3 and 7 hours.

Following the depositing of a first photocatalytic semiconductor layer on substrate 106 to
form coated substrate 110, 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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Following the depositing of a first photocatalytic semiconductor layer on

woSMbshalRL06 to form coated substrate 110, a material sele ‘89@&92&%%‘60 100
group consisting of a metal, a metal alloy, a metal oxide and mixtures

thereof is deposited on and/or in the fit} 25 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
Acsataidphdiptasistirsanireodscotitiper of Sedidepasitbd natendif is datdeger of

Jtio i d ing and/or after addlition. of solution,115.
miRloR MBS A AAIE 1010 A B SR A
folortaidetiteniviy plheeddinindissokosl 11 61 ang80: hehted. ddéiitigmraychal with a
E 116 may be t me as
o P Al s S s aa B s ene
cogizarieihiototatalVtie sewiconsifotémajes thaiserpddpesitechdncamdigrinare
: i t] ' [ de in a secon
S e 00 e RS ST b usea
togvgupie sonferitcart reentemiedbiabiolitisancodaoitecbiainibetref@gedbydolysis
itri i Ci cond.5 coating solutio
R A S e AL LS

mefhstrrgriesesed e forminmiegané dirstisgbuinutis; toyeryatpreferred
feRASSIS RN HERY Joaehie ﬁ?ﬂi&?k‘? B{aﬁ%ﬁ‘%l%%%% gl}%%%%s.'ﬁr@ferab}y the

_order to obtain the required hydrolysis pathway suc sequent
utgpismadorrpto ilidaaivme st SUBde Biameasictdierimethddsimayohol or a

m?ﬁdz’é%@l IRGIRNIR é‘QrﬁB&H@oﬁ‘%&%ﬂl%%’ﬁ%&%’&%ﬂﬁ@%{{%&%&n of

eature of second coating solution 122 is that it contain a titanium

melenabE: il mey biedmteeaiiiaedsiitabimdghbstdey (TBINET e
protganE 3ahRRIPAY: Q@a%ﬁ@;!:%%‘il@éa% i%éwf&ﬁﬁﬁ%?gprg teﬁ'}s@ﬁ}gi%ﬁ P the

mixture of ethanol and methanol and the proportion o anol |

PIEEE AsSHaRcH e bratnEs damsiing Stobits) pheiglertl Bicveraivendristor layer.
MBAGERA MR Ngd e, S 8eQnfRAIRG ARG §W%%%ﬁ£%é§%.ewﬁmaﬁvely

similar to the zs process described above for depositing

seppistGeatigHeWsiItHcbHdRENb Fa3Rssed\atar gb Atcen stumsieiieoatzd mibytsate 126 or
sofiBRESLINRSRAGAGCNAEAA BORILRRCLR % AURIIRLYRIN SEIRRGCPAINg

solution 122 may be passed through or over metal coated substrate 126
or some other method may be used to expose it to second coating

ABSEORd 2f intermediate species 127 from coating solution 122, exposure of
intermediate species 127 1o air results in a controlled or accelerated hydrolysis process to
yield an amorphous titanium dioxide Jayer on the substrate surfaces. The air may contain
sufficient water vapour to hydrolyse the hydrolysable titaninm species remaining on the
substrate after 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, Infermediate 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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20 After removal of intermediate species 127 from coating solution 122,

woemgﬁgrg Qf intermediate species 127 to air results in a cont%l[eg(% 005/000400
accelerated hydrolysis process to yield an amorphous titanium dIOXI

layer on the substrate surfaces. The ai#nay contain sufficient water

vapour to hydrolyse the hydrolysable titanium species remaining on the

substrate after removing said substrate from the solution. The relative
nluansidify@ftihe Heaﬁmﬁybaeﬂhamlymmmm&%mﬂermeﬁti@tgmay be

cies 1 e left in for a e suffici ent to effect at least part|a
TR EHAD SOIVEBAHE BEATRO A B ERELT o RGN CR AR AT
agepenc-ptatherietativenhd midityeao ihsvtem B%ﬁlﬂﬁoﬁfﬁm&d@@o produce
etwee ute and 1 _haur. | ediate s 127 may be expo
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some other convenlent method 30 After at Ieast partial hydrolysis of the
ysable titgnium species, intermediate species 127 may be heated
yer to the anatase crystal structure
R G R
Figitheth ésdedisgchatmiorephieatingomay abeap@ammaﬁn ddprnBsg dddniy materials
WO 2006/054954 PCT/SG2005/000400 24
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B A Bl sl e BT Do) skt
ilkBRmEyh22th és shipesed wrthhﬁeemmlmlﬁahas 202 aniR336Grs prtethied in outlet

eqr C ma |as F ure 2 is grammatic representation
2% gonggppar%}%%gr é)é:?aa({ g orga%ﬁ?%% 22“% $ in a fluid according to the

present invention. In Figure 2 a reactor 212 is fitted with an inlet 205, an

utletﬂza&)2 j[d%r actor 21 |s Ioc te 19(;8 Stsen(gzﬁ(?naﬂé @%Tga%ﬁystmay

p’ho ocata yt|c en |t|es ca 54 emg
bsmmmedlmmmﬂﬂﬁymm&iwﬁmmwa&e OfF lﬁer&mz and

n outlet 230 to consirain the tocatal ithi
AR SR D B St FIIERANE Wt otoraigpstn
caoactighphetboat At cmagimisdegmraintainé drigesitspensiols by fimeb2loThe light

m%b%qm frhulep cfgn%fez,f g ?tg’ganfre}ength may be less than 400 nm. Treated fluid
may exit reactor 212 through outlet 230. Filter 235 prevents the photocatalyst from

leaving reactor 212.

Figure 3 is diagrammatic representation of an alternative apparatus for degrading organic
materials in a fluid. In Figure 3, a reactor 312 is fitted with an inlet 305 and an outlet 330.
Photocatalytic entity 315, in the form of a surface, comprises a portion of the inner
surface of reactor 312, such that the photocatalytic assembly that is part of photocatalytic
entity 315 1s 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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alternatively some other means may be used. Source 225 illuminates the

woPhgtasatalyst in contact with the fluid 210, causing degradati &@g}&% 400

materials in fluid 210. The light may be in the near UV range, and its
wavelength may be less than 400 ran. Zfeated fluid may exit reactor 212
through outlet 230. Filter 235 prevents the photocatalyst from 20 leaving
reactor 212. Figure 3 is diagrammatic representation of an alternative

negsJavatassRrad drawaretregthinay heleasthn 4 dmn Ficpied Syl roagteorit

reasio IS eyt 3ided ;305 and an outlet 330. Photocatalytic entity 315,
in the form of a surface, comprises a portion of the inner 25 surface of
reactor 312, such that the photocatalytic assembly that is part of

F%%M@MH%&MXM&Q&EQ&%#&BM&%&%& 70 W 1B organic

contact fluid 310. A source of illuraiination 325 is disposed sothat it is
byt ffuididadfigue das avlisdinslorasophbid datitipdovatsenipiptid 1 05 and
e BRIREBWAG. Buidh LR yvillR188391 312 B0 #8rHsEr HWidB10 B0 Sses a eportion of

reactor 312 through inlet 305 and past photocatalytic entity 315. Sourc
thesnni ik o bidedst & Powioibihmid shoksteaivhici assembly iatonpast of
pméﬂamﬁiéﬂemﬁ@qim idearadationoberganic nateda's in Hwd 310, 10814
light may be in the WO 2006/054954 PCT/SG2005/000400 25mear UV
3 lrgﬁgé,cgmaqgca}m diegervasase iusinaRonctt aris Tieerealfioitiwmipate at least
a BEitidR AT PLoIURYBHi O YHRIIRY hioad &N AT hin reactor 3112.

representation of another apparatus for degrading organic 5 materials in a
fluid. In Figure 3a, a cylindrical reactor 3112 is fitted with an inlet 3105 and

IAREUIEE 3130 nhatocAabAe @D UL Hlrni B S0P HRIA AR YBERCEhotocatalytic

comprises a portion of the inner surface of reactor 3112, such that the _
B rotitaRhr i bhmoffureiratep atlersiohpeiarayibephiosatab s srsamebly in

copsigiexaty gREOs Bl 280 P8 demayiartach Buitk 31QuA aylinddeald Vine tight
light source of illumination 3125 is disposed to illuminate at least 10 a )
B R SRS AR R LRI YA ABAB R s ppated fuid

migesiRrdaclar 3 osBrdliil Sdid& emers reactor 3112 through inlet 3105
and flows past photocatalytic entity 3115. Source 3125 illuminates at

least a portion of the photocatalytic assembly in contact with fluid 3110,
Figatising degiadationtel aigenamasiaisdnfiuides %%?afﬁh% W8hEd240RY organic

be in the n r&)\{ r%n e, and its wavelength may be less than 400nm.
mat éﬁ@d’\‘lﬁ?ﬁu . In 1g%re 4, areactor columin 412 1s fitted with an inlet 405 and an
outlet 430. The photocatalyst is in the form of a packed bed which comprises plurality of
photocatalytic entities 415 and is located within reactor column 412. The photocatalyst is
preferably made from porous silica or glass beads, or from some other material that may
permit 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

columm 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
illurninates photocatalyst in contact with fluid 410, causing degradation of organic
matetials 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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may exit reactor 3112 through outlet 3130. Figure 4 is a diagrammatic

wolsRissgpigtion of yet another apparatus for degrading organi gz?gsr I
a fluid. In Figure 4, a reactor column 412 is fitted with an inIetﬁg and 5?168400

20 outlet 430. The photocatalyst is in tB@ form of a packed bed which
comprises plurality of photocatalytic entities 415 and is located within
reactor column 412. The photocatalyst is preferably made from porous

thaflida bmglaeet trdlos: breflonesendeodirestnratehiahthit ndyowghmirUA30, and exit
rei@ﬂf&%lﬁﬁﬂle&rﬁ}%% Leggﬁtxég_photocatalytic entities 415. Porous barrier

435 is provided near lower end of reactor column 412 to constrain the
photocatalyst 25 within reactor column 412. A source of illumination 425 is

e St e _
e B A S R b oreamic

magrthyises Bridalinfoewsctecatanaieranlisos 413 2So bt 49830 inlet 4105 and an
ou@&fﬂﬁﬁm%&m%&ﬂ%?ﬂ%%f%%w %ﬁ@a %%HWC%%%E% %E@Jg%ﬁémy of

organic materials in fluid 410. The light mae e In the near range,

phtogriskyiengutitisag b s ytieppirgovrithinrentod tullanma] Bifieaiphotocatalyst
is ﬁ@ﬁi’i‘t‘ﬂlﬁﬁaﬁym SISk 43EkaRRrOUS: PAIHST A3P0R1 %Xﬁé%;%\%'% material that

photocatalyst from l€aving reactor column 412. Alternativ

M RIDRASE 4 Fe IS TrsGbesbo bl fiabrtoostaly B o e | Swers
baBd 91352C1066RIUMA 44 A M%Bﬂé&éﬁ%h%@&&a{%}%%@%‘% %%‘gf%ommn

through port 405. Figure 4a is a diagrammatic representation of anot

41 hppaspusesridbyriamipsrdantis dimescdlsvithinfisrbton cibure 431 2
reactor column 4112 is fitted with an inlet 4105 and an outlet 4130. The
photocatalist is in the form of a packed bed which comprises plurality of

In pey Bkt Al e exgmesatancahams bkl daronghrintes dicandfinwg tizough the
padidid BEOIRERIR IS s RiehriRRbn BRgR IR ROIRLS Pilica £1181a85 062dss 5

.., or from some other material that may permit UV light to penetrate the
ilyRipshes BroiRetitshriconts st uidpd il s i vag lastadasion pfovierdc
maft iRt HRdQ COnSRIT the R IR A st MR TRAGOTCQHT R it Aol may
beié)ggrce of illumination 4125 is disposed within reactor column 4112. In

herce Tevedtsrdsd BuigBar s meetonnugrnif i abowah e 130.

through the packed bed which comprises plurality of photocatalytic

. entities 4115. Source 4125 .
Figure 5 is an Atomic Force Microscope image of a first semiconductor layer according

to the invention. The surface is highly irregular and is characterised by high peaks and
valleys. Typically the material deposited in and/or on the first semiconductor 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. Qutput pipe 665 is fitted to treatment module 630.
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15 illuminates photocatalyst in contact with fluid 4110, causing

Wodz%gg%g@gan of organic materials in fluid 4110. The light may, rea@ 1000460

near UV range, and its wavelength may be less than 400 nm.

fluid may exit reactor column 4112 thrapgh outlet 4130. Figure 5 is an
Atomic Force Microscope image of a first semiconductor layer according
zo to the invention. The surface is highly irregular and is characterised by
high peaks and valleys. Typically the material deposited in and/or on.the

flrsts mic ctor la erW|II domi ant epaqsit in the depressions_ar
I B S o Dl g B At least
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mvaméaew)ﬂln dr@mmwd@ubﬁlnﬁl&ﬁu@h theidedrblp rmparamh membrane 635
r|t| rejec d mbran Reac 20 ] s
mﬁ?plpéﬁ% %!ngn%?éc |ng |pe %‘ré’cl}cfég&%efgéﬁ IPES 8%%?
piEeOerdialsaodapectachto “ﬂndtm:em speicol 6603 thrOugh utipine FHE6 66 Sitted
to treatment module 630. WO 2006/054954 PCT/SG2005/000400 27 In

operation, fluid containing impurities enters reactor 620 through inlet pipe
Ing8guiktlesystcn YOt oonatisesitratmitiet i twefllTi0 mdegradadddiR0. Apparatus

f light f 6 bi
AN SISt lepin LU TYmARISe B REoRRr o

may S COI’] ain some undé

almmmpésﬁﬁwhﬂta@wm @@grémtton}mmmmt@omusmémnataiyst
ﬁ?c%t%ﬁt\ﬁftﬁﬁﬁcéﬁ’&gg‘? 3%1 r%%%é?%%@%& g b§ % In}Eo trel emmsmg

mddule 630. In treatment modu y sep alpatlon
unﬁ@r‘rﬁﬁaﬁé}@@@ - a"wmm@dwm@ r@%y@l@dﬂwmmﬁyttanm Ad06a0d a

coﬁﬁaé@ﬁﬁé%%gg O JQrMEthel BNRIAIEAE IO Ve 2P SRS %@I&WQ 57:}(;9 eXlSitted with

system through output pipe 665. 10 In Figure system
ovgpithpiseSSfleatment module 710 and apparatus 720. Apparatus 720
comprises a light source 725, which is located within a reactor 730.

Apparatus 720
In operation, fluid containing impurities enters treatment module 710 through inlet pipe

740, and 1s partly purified by treatment module 710. Fluid then passes from treatment
module 710 through connecting pipe 745 to reactor 730. At least a portion of the
impurities in the fluid are degraded by apparatus 720 under the influence of light from
source 725. Purified fluid then exits system 700 through outﬁut 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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also comprises a photocatalyst according to the invention (not shown),

wo Saigeietgcatalyst being located within reactor 730. Treatmgptragdiiennoine
710 may be for example a deionising 15 unit or a distillation unit.

Treatment module 710 is fitted with ar2ilet pipe 740, and a connecting

pipe 745 which also connects to reactor 730. Reactor 730 is also fitted

with output pipe 750. In operation, fluid containing impurities enters
B4fentmtiedtvitbdulesit @ibedigruinl et pipke #0c788%, dndhi o pattivipurifiedttiy post-

R e SRR R ARV RS
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OUtpr pipe igureo, system comprises pre-trea en
trepiotula @Dl apbhthtosBorand:bos pire &ifh dntrencidul@d85a. least a portion of

A A iRt Briahe o

sofgeafsth withienst pediclly sadiiag fatdthiciBptssis oworhiprister 40 through transfer

_ _ o ) . . alvet
r U A S b A

degdinsepradveholiato thmisnporiies S88n whsesioptiefddgcpur Bilbitmpugh transfer
D A A AT CAAREr TR bSo, e iais

dividnd duteehtonFemcmerBaosy SSdrinte trg pipetans widdtiorsvdled via recycle
iR 4 9R4 P63l RF 2RO BRG0 28 81 il f&%?é?ﬁ?’éﬂ%é@ﬁ%ﬁ? Eﬂg‘@ﬁf&gyx 800

and recycle pipe 885, both of'which connect to post- treatment mo
thrggeh puELEBRETER: module 850 is fitted with output pipe 890. In
operation, fluid containing impurities enters pre-treatment module 810
through inlet pipe 870, and is partly purified by pre-treatment module 810.
Fluid then passes from pre- 5 treat¥gmpedule 810 through connecting
pipe 875 to reactor 840. At least a portion of the impurities in the fluid are
degraded by apparatus 830 under the influence of light from source 835.
Pagkede b Besiam purified fluid then passes out of reactor 840 through
transfer pipe 880. The fluid, which may contain some undegraded
impurities as well as some degradation products from the impurities, then
Falbrcegon af Bl pgecat B840 through transfer 10 pipe 880, and into

GlRaSdieatnanimasuaSSPe AARIdR2IMe Nt BeduledoRdtbadiig i95°C for 12
hours. First layer coating was achieved by immersing the etched beads in a coating
solution consisting of TIP (68grams to 460 grams of organic solvent) in a mixture of

ethanol and methanol.

The coated beads were dried in air at room temperature for 6 hours and then loaded into a
farnace 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 0.1IM
AgNO;. 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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divided by separation membrane 855 into a concentrate, which is recycled

w/RIEGYRS, pipe 885 to reactor 830 for further photoreaction,ﬂngs%mos 000400
permeate which exits system 800 through output pipe 890. is Example

Packed bed Design Fabrication ofphot@®atalyst: 20 Glass beads 3mm in

diameter were etched in 2M HF for 1 hour and dried at 105C for 12 hours.

First layer coating was achieved by immersing the etched beads in a
etioamkin §8 Soiutie tockitsisting of gEiRc(6@yeathsThodbthgtsemsngfooddaimnd

tgogeeg iga% éxﬁjrg Igfeletwhgn&l%ld methanol. 25 The coated beads were
dribd in air &t r6om te perafgure or 6 hours and then loaded into a

furnace at room temperature and the furnace was then ramped at 3 C/min

6984%&%&;@%[ was kept for 4 hours. In this example, silver was chosen
as the meta e doped on the first layer of anatase 30 TiO2. Silver was

Theposittibeads therdemitsbinimthersivtptive Seaws in Bigolatidhof@giMof the

' 50C for 2 hows. .
QBRI S AU R Al S ytimdrical
UMdssrpev in maolenidrsicondidfiAgro s Tsed HR006/B5@8S dhosen as the model

T[S (000400 t r 0 460 grams. o o
oA e o e 90 W B AR LR o thereactor. A
sramdoUsmorahelGeieystvbiyiemubatsteheon sivveie gaoke thifiguteed.
reactor as shown in Fig. 4a. The length of the column was 350mm and

the internal diameter of the column was 55mm. A cylindrical UV lamp with
Adentegeigsibh b 2bohvaiehsiedh Huedd acithevas trdsentmenthelniael of
i ' /1 of [ ' r e
i ey S R S T
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and more particularly to the adsorption ahd/or
compounds/organisms in water. The photocatalyst can also be used to accelerate total

organic carbon (TOC) reduction, chlorine destruction and ozone destruction,

A further advantage is that the photocatalyst can be applied on the reactor walls and UV
lamp walls to remove fouling matter accumulating on the walls of the system, thereby

making it more efficient.

Indoor Air Treatment

Figure 10 is a diagrammatic representation of a system 900 for purification of airin a
room. System 900 coraprises 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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degradation of organic pollutants, such as natural organic matter,

wdafighiadearuses, polychlorobiphenyls (PCB's), trihalomethapgs,eeaéshfion

derivatives, and other organic 15 compounds/organisms in water. The
photocatalyst can also be used to acce¥érate total organic carbon (TOC)
reduction, chlorine destruction and ozone destruction. A further advantage
is that the photocatalyst can be applied on the reactor walls and UV lamp

Thalisidisbhfovecrtangaimtte favouph cRuirgimabdIWdnmps end ) SRy (light

bR df-Daking t e e figisnL Andean A Sieatmank BEeA D RiBication
diagrammatic representation of a system 900 for purification of air in a

degtsm laR@ATI980 comprises a chamber 910 having an inlet 920, a
suction device 930, a 25 pre-filter 940, a UV light source 950, a
photocatalyst 960 according to the invention and outlet 970. In operation,

Surh i itiRssontkyisa i hrawadkimbs Dllowirsuwgnlisriions. At
least RBRAILPHBR UBULRSIIRE Al BARGKSE oIS BIR IS LA
The remaining 30 impurities in tShe filtered air is ezériéde‘d%defﬁthe s of
influeiebiget ey At A grlss sarcheosrmasssinf dtibrswith the
photogatalysh 998,49 2098/ ¥ 0400 ;
light source can be in_th’e%%gr'rcr% %%%ge%io%%%gé\)f{%% S@%ﬁ%&%ﬁ'gg@ area,
(light askentiingiaiowesing preaigadosedy ¢gDY dahameble a small and
pqta@igrggvgpg,@{i |@ ice 10 be created. 5 Such an air. purification
device can be us?a%singiﬁ%%]%g\?v%g%%bﬂ%%%rf?g@ ]eor??oc\(/}gf%fl%c%g?s and
tobacedosmydregandoudnib sayvapodicadauy mleabimsdfiiyeticissusdiodour in
as cag&éﬁgﬁggirg%ﬁggegf@égplanes and trains. - Removal of VOCs, ,
tobacco smoke and odours (e.g., odour in the sewage area, odour in the
cooking area and body odour) in homes. 10 - Removal of VOCs, , tobacco
smoke, ozone from photocopier machines and odours (e.g., odour in the
sewage area, body odour, mouldy odour, and odour in stagnant air) in the
office. 15



PCT/SG2005/000400 Received 21 September 2006 31 Claims 1.
Aphotocatalytic assembly comprising: a first photocatalytic semiconductor
layer, a material selected from the group consisting of a metal, a W/SGZOGS/OOM(}(}
- -alloy, a metal oxide and mixtures thereof, said material bemgl‘;g%quggtember 2006
and/or in said first Iayer and a second photocatalytic semiconductor layer
. disposed on, in, or both in and on said material; wherein said second
photocatalytic semiconductor layer hag a finer microstructure. than the
~ first.photocatalytic semiconductor layer. 2. A photocatalytic assembly
.according to claim | wherein one or ;maore additional photocatalytic
semiconductor layers, and material%]sﬁ'ésed on and/or in said layers, are
* present. 3. A photocatalytie assembly according to claim | wherein the first
phmoae;pabymﬁta@eﬂug@ﬂg&%m is nano-structured. 4. A photocatalytic
assem)| c rd to claim | wherein the second photocatalytic :
semicondu tor T‘gy |S°ﬁ§??8d§ﬁt&&ﬁ¥f’§d 5, A photocatalytic assembly
accorélﬁ@t%ﬂb#dMCHWMeWW aﬁuﬁsp}h@wﬁ@lémhcmgemﬁpqqg%p Javer,
COMRISEH i ocat tic assembly accordlng to
claim | Wheﬁg ﬁﬁiglgi%%%gfﬁotcg ?éﬁlntlc sger‘ﬁﬁ?b‘%%‘éfé’mé%r comprises

S

titanium dioxide. 7. A photocatalytic assembly according to claim | wherein

g the“e@@hmt@eﬂ&lﬁmmsem&%%q%lﬁyg &omgpg%s‘ nan(g)ostru tﬁl}g{eﬁg
r

titapiyy digxide. (§ ocatalytlc assembly according to cla
wherein the second’ Otﬁ ga‘iﬁﬁﬁf&‘)@ém‘éﬁﬁﬁd@fd? fﬁave?‘lemﬁpﬁsesthan the
naf%@ﬂ‘iﬁ&%ﬁ%tﬂ’%ﬂ’aﬁm@ohm Amended Sheet IPEA/AIl .. -
: PCTISGZOOS/OOO4OO Received 21 September 2006 '

2. A photocata!yuc assembly according to claim | whcrem one or more additmnal
: photocatalytic semiconductor layers, and material dlsposed on. and/or in said ancrs are

present

T 3.\ photocatalytlc assembly according to claim 1 whercm the first photocatalyho'

sericonductor Iayer 1 nano-structured.

4 A phetecatalymc asscmbly according to claim 1 wherein the second photocata[ﬁic

sermc;onductor layer is nano~stmcturcd.

‘ 5. A photocatalytic assembly according to claim 1 wherein the frst pﬂetoeatalytic

semiconductor layer comprises fitaninm dioxide,

o ﬁ A phutocataiyuc assemb!y accordmg to claim 1 threm thc ‘second photocatalytxcr

| scmlconductor Jayer compnses txtamum dxox:dc

) 7. A photocatalytlc assernbly according to claim 1 wherein thc ﬁrst phomcatalytw

- senuconductor faycr compnses nano»stmciurcd ﬁtamum dmx;de

e 8 A photocatalyt:c assembly accordmg to claim 1 wherem the se(:{md photocatalyﬁc

-_se:mconductor Iayer compnscs nano-stmcmmd txtamum dmmdc

.. -Amended Sheet
CIPEA/AY



32 9. Aphotocatalytic assembly according to claim i wherein the material is

selected from The group consisting of transition metals, Nb, Rb, Pt-Sri,

Pt-Mo, Pt-Ru, Ni-Zr, Pt-Rhs pt-h,. Pt-Ru-W, Pt-Ru-0s, Pt-Ru-Sn, "PC"I‘/SGmOS/(wMﬂo
Pt-Ni-Tt,.Pt-Ni-Zr5Pt-NI-Nb, platinum group metal oxides, geldgiups September 2006
metal oxides, tin oxides; tungsten oxides, indium oxides, rhodium oxides, :

ruthenium oxides and mixtures thereof 10. A photocatalytic assembly
according to claim 9 wherein the transitional metals are selected from the
group consisting of silver, platinum gr%ﬁ,lp metals, gold group metals, Ir,
Ru, Os, Mo, Zr and .C:u. 11. A photocatalytic entity, which comprises: a
substrate, a photocatalytic assembly comprising a first

phetocapatyiieisemianasiusiectayes Anmka MalsLalselesiad fomdhe gom

gr nsisting of a metal, a metal alloy, a metal oxide and mixtures. :
' thgégogf%%aciodn ?hsgtlgr?gl e|ﬁiﬁﬂdflse€gssaé’3’é#aﬂa%ﬁ%%i@ﬁ‘ét%%r%@éﬁjﬁ“k:
asBeRiOK; PbRingdBifsSo BrNIFTLOPHGATPENENGN dhamnhstalead Gade:,
segaadsalotasatalicsemicanduciorlayer disposegd.on,in, of bath in and
on said material; wherein said second photocatalytic semlc’ongué]ficl)rﬂgy%‘r‘ ‘
- ha¥ R ORE S e thefrpthe first photocatalytic semiconductor
~layer. 12.. A photocatalytic entity according to claim 11 wherein one or

m%_e' Q%‘M@JA@E@QQE&C&"@‘Q‘“C §em{ico‘ ductor layers, and material -
disposed on and/or in sx,%}ld_’ ayers, are Cp?’é“sén@f?f“&%h%‘&‘é?ﬁiﬂiﬁ‘%ﬁ@
- actlrifiht D EramrR soptitngof tiecfi ot acatoiyties gem iponskietoy, gyer
is panMx;Fruatared. 14. A photocatalytic entity according to claim 11
. wherein the second photocatalytic semicanductor layer is nano-structured
.15, A photocatalytic entity according to claim 11 Wherein the first- o
- phétotahalytitaisarmiconetictonlayeecomprises titanium dioxide. Amended
Shee dbEAJAP PCT/SG2005/000400 ' . - :
' a photocatalytic @émbiy- commprising a ﬁrs.t'-;)hotoéatzg}yﬁc,scmiconducidr layer,.and a-
-material selécied fmm__the groupy cqnsisting of a metal, a metal alioy; a -metél oxide and
- ‘mixtures thereof, said material being disposed on a_njd/_orAin said first layér,. said asseiﬁbly
 being disposed o, in, or both in and on the substrate; and ' '
a second photocatalytic semiconductor layer disposed 'on, iﬁ, or both in and on said material;
wherein said second photqcétalytic semiconductor layer has a finer mjcrés!:uctufe than the

'_ - first photecatalytic semiconductor layer,

12.. A photocatalytic entity according to claim Il wherein one or more additional
ghbtocataiﬁfﬁc"semi_condgqtor layers, and" material disposed on and/or in said la)}e:rs, are

'present.

. T

13 A photocatalytic entity ‘accor'ding to claim i} wherein the frst photocatalytic

- semiconductor layer is nand-structured. -

14. A photocatalytic entity according to -claim. 1] wherein the ‘second photocatalytic
semiconductor {ayer is nanq_strucwr'gd S o : S
15. A photocatalytic entity according to claim 1] wherein the first photocatalytic

.semiconductor layer comprises titanium dioxide, ‘ o S~
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Received 21 September 2006 33 16. A photocatalytic entity according to

claim Il wherein the second photocatalytic semiconductor layer comprises
titaniumdioxide. 1 Z. A photocatalytic entity according to claim 11 w in..
" P 4 4 roing 51962_005/0904(;0

the first photocatalytic semiconductor layer comprises nano;structu :

titanium dioxide: 18. A photocatalytic entity according to claigﬁ‘fﬂ’%ﬁer J, September 2006
the second photocatalytic semiconductor layer comprises nano-structured '
titanium dioxide, 19: A photocatalytic entity. according to claim |1 wherein 7
the material is selected from the group®€onsisting of transition metals, Sn, ' .

. Pt-Sri, Pt-Mo, Pt-Ru, i-7--, Pt-Rh; Pt-h; Pt- Ru-W, Pt-Ru-0s; Pt Ru-Sn, _

Pt-Ni-Tr, Pt-N1-Zr, Pt-Ni-Nb, platinum group metal oxides; gold group
. Metas OXigMsicka B¢l ifhngsten ? ides. indium, oxides, rhodium_oxides,
ruthen’iurrcli%xides aﬁ?ﬁ rﬁ%:t%res the;%)o? % y %ﬁgfé%%ta S fecaRtighotocatalytic *

accSTARG I B TRRert s diisiion metals are selected from the- o
group consisting of silver, platinum group metals, gold group metals, it,

- Ru,Qs, Zr.and Cu.21, A process for making a photocatalytic entity,

3 saié%r&we&%tg%a;}r%ﬁ%iﬁahfﬁe% £ JRHBSilihFATFS PofdEamtigtentalytio
senifEBFradetor e romsssubstrate;tdepasiting domaderial on, in, or both in
and on said first layer, said material being selected from the group
con 'Stj{l%hOtf a rrge_tal, a metal alloy, a metal oxide and mixtures thereof, = -

 and deposiing 3 L&t SHip Rt isea kot ciamib ombimeito tiayreroon, fimtandhith

in amiondaicr Invaterialivheeissait sacandhetacatalytic
* semiconductor layer has-a finer nucrostructure than the first :

- photocatalytic semiconductor layer. 22."A process according to Claim 21 - -
furtier*GRIASHEC RIS atrutivr odiing, ortercn thoreuatidiionaldayris o
theesubstiaieigaictiaymis heind Selpciechitom e, gieun BRGNS,
maﬁ@ﬁ&b&hﬁ,ﬂ{ég5%{%}19[5$m§9%1ductor layer and the second "
'semiconductor Tayer. Amended-Srddt-Ner Bafirsrmrom sgsossiooedogou

metal oxides, tin oxid_&c, tungsien axi_dgs, indium Pxides., rhpcﬁum oxides, rutheninm oxides )

and nﬁxﬂnﬁé.thei;e.joﬁ o

20. A phﬂtocatai‘ytic_mtity' according to ciéim 19 whercin -ihe transition metals are selected
frgm the group cons_isting of ;i_lver, piammm group metals, gold group metals, Ir, Ru, Os, Mo, -
Zrand Cu. ' '
. 21. A process fgr mak_iz}g'a phatocatélyﬁc entity, said pré'céss comprising the steps of:
. depositing & first phothatéiytic. semiceaduétor layer én a éub#traté} -
‘ d_epesif_ing a 'matca_'ia}. oh, in, or both in and on ééid first layer, said material Bc_:iné
.' | ‘selected from the group consisting of é_-mctﬁl, & metal alloy,I a metal oxide and tmxtures
" thereof; and . . ' A |
depositing & second phqtocmt‘alytiér seﬁiiaogducto; layer of;, in, or both in and on said
materdal; wherein said second photocatalytic semicondustor layer has a finer micfosémctme “

than the first photocatalytic se'micdndut:tqr fayer.

S22 .g-pro_ccss‘a@zdixig to Claim 21 further comprising the steplolf depositing. ‘one or more
. additional -Iaye?s' to the substrate, said layers being selected from the group cons'ist'ing'cf the = -
" material, the first secand séini;ionductqr layer and the second semiconductor layer. 7‘
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Received 21 September 2006 34 23. A process according to Claim 21

wherein the step of depositing a material on, in, or both in and on said

first layer comprises selecting the material from the group consistingof/sG2605/600400
transition metals, Sn, Pt-Sn, Pt-Mo5 Pt Ru, Ni-Zr, Pt-Rh, PigadeivBY M September 2006
Pt-Ru-Os, Pt- Ru Sn Ft-Ni-Ti, Pt-Ni-Zr, Pt-Ni-Nb, platinum group metal

oxides, gold group metal oxides, tin oxides, tungsten oxides, iridium .

oxides, rhodium oxides, ruthenium oxides and mixtures thereof. 24. A

process according to claim 23 whereipthe step of deposmng a material

on, in, or both in and on said first layer comprises selecting the materlal

from. thansitionJR RIS COMR BN SIVEE RIALNAD SHRL R MRS 08!S: bot
group metals, ltﬁ’??%ﬁg,s Mai Zr and Cu. 25. A process according to claim
t

21 /At i BRI Seife O CRAETOR 7Bt Ui B sgsisting of

titanistiodiodde, Ss, -stmmmﬁﬁemmmmgmhm 24RMIVEreirRthes, pr-
- seqond photogatalytic se _rﬂlcb%_ dyctor layer comprises titanium dioxide
27: A%Foce;ﬁfor ma%’ alp ocatal fty ﬁ?ttya/l s%?&‘ 9 é%&m u%or%%r?&%ﬁ
theiawiies W@%ﬁﬁ%m@%n@%m sEfsic oRbuRIBoKigesaohpixtures
sSubgteate, said layer comprising a material selected from the group
consisting of a metal, a metal alloy, a metal oxide and mixtures thereof;
- and-depositing a second photocatalytic semiconductor-layer on, in, or both
' in‘ahchorrsaidormdiegiel chiherenhsaidisecond (iyottgtalytierial op, in, or both
' 'Seﬁ@E&%‘E‘é&@ﬁ#ﬂ%@&%&@&%@&ﬁ%&%&%& AN hetals comprigipe

S photocatalytic semiconductor layer %gcess according to Cla C
o furthEs @Eﬁ%ﬁ%ﬁ’g‘&ﬁ@%‘ﬁeﬁo@f%ﬁéﬁﬁﬁ&‘b Ge.ford: aditional layers to -

the substrate, said layers being selected from the group conS|st|ng of the-

m aI the flrst SECco mjconducto % eco ) e
__-SG%%?COR Gctor ayer.’ 2% %m r%qcﬁs%r cétmcco@r mg% ‘é"r“éifchtﬂﬁ tayer ,
'st@pf’ﬁﬁ’d@ﬁwﬁﬁ’gda”?ﬁatenal on, in, or: both in and on sald flrst layer -
comprises selecting. the material from the, group consisting of transition
'm ' Sn, Pt-Sn,. Pt-Mq, .Pt-Ru N|ZrPtRh Pt-Ir, Pt-Ru-W, Pt-Ru-Os, .
PR SRR R BT G ?3?‘8%8&“&%}[8{»
_grmmeﬁ&ta@md@mmended Sheet : '

- 27 CA procéss for making a photocatalytic entity, said prc-)ocss comprising the step of: |
depésiting a fust photocatalytic scnﬁcandﬂctor layer on a substrate, said Iéyef
' compnsmg a matenal sclacted from the grﬂup cons:stmg of a metal, a metal aﬂoy, a metal. o
oxide and mixtures thereof; and s '
deposmng a second photocatalytic semiconductor laycr on, in, or both in and on said
. material; wherein said second photocaiaiyt:c_ sc:mcpnductor_ layer has a finer mlcrostmcmre

than the first photocatalytic semiconductor layép.'

- 28.-A process according to Ci_aini 27 further comprising the step of depositing one ar more
;ldditioné{ layers to the substrate, said layers being selected from the grbup_cons‘isﬁng'-of .thé -

* material, the first second semicanductor layer and the second semiconductor layer.

28, Aprocess accordmg fo C‘laim 28 wherem the step of depomtmg a miaterial o, in, or beth o
in and on said first’ Iayef compnses seiccimg the matenal from the. group cﬂnsxstmg of
-+ transition metals, Sn, Pt-Sn, PtMo, PtRi, Ni-Z, PLRE; Ptlr; PtRu-W, Pt~Ru—Os P
- _Ru Sn, Pt_«Ni—Tz, Pt_:Ni—Z:, Pt-Ni-Nb, platinum gmup mﬁta_i oxides, gold grotip met_al oxides,

' Ameuded Sheet
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PCT/SG2005/000400 Received 21 September 2006 35 tin oxides,
tungsten oxides, iridium oxides, rhodium oxides, ruthenium oxides and ‘
mixtures thereof. 30. A process according to claim 29 wherein theﬂ;eplgt;mgs/goomg
depositing a material on, in, or both in and on said first Iayqt&gm@glgqss,epmmber 2006
selecting the material from transition metals comprising silver, platinum
group metals, gold group metals, it, Ru, Os, Mo, Zr and Ch. 31. A process
according to claim 27 wherein the first;photocatalytic semiconductor layer
comprises titanium dioxide. 32. A process according.to claim 27 wherein
the Seco hotocatalytic semiconductor layer.  comprises titanium
IR e S A e T e e
anth@vef34. A photocatalyst comprising a plurality of photocatalytic
entltles each of said entities being according to claim 1 i. 35 A method for
rading organic materials:, halogens or ozone in a fluid comprising: _
: 3 m@%ﬁsm%%’é%ﬁéﬂﬁfe%ﬁ%wha@wtm FigPtef deriivg avintethbofiuid oahel
i Ilum Hhﬁtbﬂga‘&ﬁﬂhptﬂ?éﬂ&ﬂﬁ@héﬁ@ SRRk &Sﬁﬁléﬁi\ﬂm thesfiitndRs é)mpnsmg
“me| v%d fi){m egradin lge?ar materlal a% ns or gzone: in a fluid
comprléan ﬁrtélgtlng & t%rcgféﬁl SdESvHi § YAt 8% with the fluid:

.~ and |IIum|nat|ng said photocatalyst in contact with the fluid. 37. Amethod

for-dearading qeoqmic MARHR'S; halogens %&él&gcgwiug%gﬁ%s Wer

contacting a photocatalytic entity-according to Claim | 'and a
- phBTERRSVEPEBMFERg - a plurality of photocatalytic entities, each of said
" entities being-according to claim 11, with the fluid; and lllumlnatlng said

phg)}og lytic. enfity, 4nd, hotocatalyst in c nfac ith the fl 8. A
..methO(? according to%%ly%%]%%r ?lfé'ums §y S k14 ad)ﬁa tEiqu alty com%‘i%ﬁrnéygﬁ
ledSERFRRHEISHIMIPEAIAU . PCTISG200S1000400

" 33. A photocatalytic cntity when made by the proccsé of Claim 21 and 27

34 A photocatalyst comprising a pIurahty of photocatalync entities, each of - sa;d entities

‘being according to claim 11,

35.A method for degrading organic materials, halogens or ozone in a fluid comprising:
contactmg a photocataiytlc entity accordmg to Claim 11 with the flaid; and

7 ﬂlummatlng said photocata}ync cntlty in contact thh the ﬂu;d

36. Amethod for degradiug organic maté{ials, halogeris of ozoue in a fluid cempﬁsing:
contacting a photocatalyst accorgling_ to.claim 34 with the fluid; and

, iﬂﬁ_minatin‘g said pilétogataiys't in contact thh the fluid.

37. A method for degradmg orgamc matcnals halogens or ozone in a fluid compnsmg
comactmg a photocatalync entity according to Claim 11 and a photocatalyst comyprising
A pluraht}' of photocatalytic enfifies, ‘each of S&!d entltles being accordmg to c!azm 1, with -

~ the fluid; .and '

1llummatmg said. phowcatalyuc enttty and sa:d photocatalyst in contact with thc fluid.

38, A method ac:coiding to amy one of claims 35 to 37 additionally comprising at least"

- Amended Shect
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Received 21 September 2006 36 partially removing products of
degradation of organic materials, halogens or ozone from the fluid. 39. An
apparatus comprising, a photocatalyticentity according to Claim 17, a.. . ,

- reactor in which a fluid may be contacted with the-photoca{glxtw e§ S5(:2005/000400
and a source of illumination disposed to illuminate the photOCAtaN fﬁﬁﬂ}emhe’ 2006
in contact with the fluid with a wavelength of light, or mixture of ' '
wavelengths, effective to degrade or%anic materials, halogens or ozone
when in contact with the first or the s&tond photocatalytic semiconductor
layer of the photocatalytlc entity. 40. An apparatus comprising: a .
pHBtER Bt arSTaE esdir ool eairiast arrenic rovinalshiclemrfiuicomay fhe: the -
camtacted with the photocatalyst; and a source of illumination disposed to
illuminate the:,photocatalyst in contact with the "fluid with a wavelength of

- fight, or mixture of wavelengths, effective to degrade-organic materials,

o chiddmemerenenpiEgz:in contact with the first or the second

photoga;gﬂg&lﬁg@&@qg&ggrt ayer.o of ghe photocatalyst. 41. Anlapparatus'

comprising: a photocatalytic entlty accordlng to Claim 11 and a

. photatEesifsesih gt pharants ot photsehaivgielgintiits; gach of sald .
‘entitiesheingracesrding &Q&@H&l&uﬁﬁﬁ@ﬁi@ﬁd&é@!ﬁﬁ@ﬁ@ YRS win

‘ c%gt%ctgd ﬁglth th ot9§: talytic entity. and the photocatalyst; and a
~ source of Muminatiof disp8ee %WW&?E&?&%W&@S&Y&M@%V%

theatpfioeatys vimeantabtwith-ohed idwith Eswavelergth O lightaraptic
‘n%g&ﬁcwgg@pmgﬁhogﬁggw‘geﬁgegrade organic materials, halogens

" ~or ozone when'in eontact with the first-or the second photocatalytlc
~semiconductor layer of the photocatalytic entity and of the photocatalyst. | '
420. An apparatusatdarding to claim 40, or 41 whereby the photocatalyst

. Is copsaRGaR ARG SAAN
h' a reactor in wfuch a flaid may be contacted with the photocatalyst and
& source of 1l£ummatmn disposed fo zﬂurmnate the. photacatalyst in confact with thc-
fluid with a wavelength of hght or mixtare of wavelengths effective fo dcgradc ergamc- '
matenals chlorine or ozone when in oontact with . the first or the second photocataiyhc

, semtccndudor fayer of I:hc photocatalyst

7 41' 'An‘apparams comprising: ,
a phﬁtﬁcatalytic entity according to Claam 1landa photocatalyst compnsmg a plurahty
of photocatalytxc enutms each of said entmcs bemg accordmg to claim 11; '
© a'reactor in whmh a ﬁmd may” be contacted w;th the- photocatalyuc entxty and - the -
photocataiyst and - .
o2 source of Illuxmnatmn disposed to Iﬂummate the phctocafalytzc entlty aud the
- photocataiyst in-contact with the fluid with a wavcicngth-of light, or mixture of wa\{_elcngths-,
effective’to &egn‘xd’é otganic materials, haibgenéor ozorie thn in éoncact with the first o the |
second photocataiytic. sefmcouductar iaycr of the photocatalync entity and of the =

L photocatalyst

: 42 An apparams accordmg to ciaxm 40 or 41 Whereby the photocataiyst is constramcd in a

o 'reactor column.
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Amended Sheet IPEA/AIl PCT/SG2005/000400 Received 21 September
2006 37 43_ A system for purification of a fluid comprising: all apparatus
“according to any one of claims 39 to 41; and a treatment module %JF)§820051000400
to the reactor. 44. A system for purification of a fluid comp&gﬁig%; 21 S
apparatus according to anyone of claims 39 to 41; and a t _-eptember 2006
module coupled to the reactor, wherein the treatment module comprises a
separation membrane. 45. A system for purification of a fluidroniprising an
apparatus according to any one of cldims 39 to 41; and a treatment
module coupled to the reactor, having means to recycle a portion of the,
flutd- édrvrefornctiennirehtideonipizitg:the reactor 46. Use of a system

for pusifigatiemefadfivig ggg}g,g{gmi@gsq@;g@gqtggdaccordmg to any one of

claims 39to 41; and a treatment module coupled to the reactor, for the
purlflca'foﬁng?té“ﬂﬁ‘i‘lf Ayl I ESEFRST purifying a fluid comprising passmg

_the fluid through a system for purification of a fluid, said system
cqg;pp;@&g Ius or |n to an one of claims 39 to 41, and a

treatment mo ufe coup?ea the Tedttor ~Amended Sliect. TPVAIATT
~ an apparatus acccrdmg to any one of claims 3% ta 41; and

a trfrdi:men‘i module coupied fo lhc reactor; whercm the treatment module compnses a

separatmn membrane.

45. Asystemr for purification c)f  fluid ccinprising:
an a.ppamtus accardmg to :-my one of claxms 39¢t0 41; and

a treatmcnt moduale coupled to the reactor, havmg means to recyci‘c a port;en of the fluid

. emtmg from the trcatmeut module td the reactor.

) :.46._ | 'Usc of a system for purification of a fluid cpinprising: )
. an appmm according to any one of claims 39 to41; and

- a treatment module coupled ta the reactor, for the purification of a fluid.

‘47 A method fGr punf}fmg a fhuid compmmg pqssmg the fhud through a system for

' 'puuf 1cation Of a fluid, said system comprising:

an apparatus accordmg to any one of clairps 390 41; and -

a L_r_eatment module coupled to the reactor.
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