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PHOTOCATALYST CROSS- REFERENCE TO RELATED APPLI CATI ONS
w 0@3%jo76DB2 s application clains the benefit of PCi/eG200y/000436

of US provisional application No. 60/870,939, filed
Decenber 20, 2006, the content of which is hereby
i ncorporated by reference in its entirety for al
purposes. FIELD OF THE | N\VENTI ON [ 002] The present
I nvention r eACROSPHERKNTION FHOTOCATARYSTer es havi ng
phot ocat al yst property which can be used in a process
of cl eani ng wast ewat er whi ch uses a subnerged
menbr aneekBRSHRE FERENCE P RELR TEIEA PRV ROLIiDING003]
Contam nants present in raw water (e.g. natura
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its entife@for @il pasposesf rom raw water for the production of
good quality potable water. [004] The "nenbrane" in a
menbrane reactor works as a filter which is based on
the separation offF Uy SPPAERSINGGPRPEDNY on their size.
Wth their mcropores the nenbrane separates
[002] par t i Theprefent nvehdoneedtre W titaniung RIGE nyiproprherss thayiag photocatalyst
rane ocesses _have beco i nc ' r, |
proper PRI PERPIERG Fof OURr oty SRSk e, KnRAPUeE s Glbmersed
membRhOFRE6E 1 vel y nore stringent water quality
regul ations, small footprint and reduced operation and
mai nt enance costs due to ‘advancenents in nenbrane
technol ogy. O GKGRBUND OPUHBIRVENTOMEN utilizing
filtration menbrane in water treatnment process is th
[003] decl i fentaminsaisnprgsent f1nysaw Mater oferfie rgFH e OTR3TC| W@“erahYBSM) and
| _fqr ' s 4l e d f.ent oD .
bacterilf ag, QEFERRY B U GRIECl AR, Fherk S gD Ning BERPAL the use of
membidne tacmologyafor comaifal 06 soEntomdreitants fypow mals watert fioe the production
¢ éurface of a nmenbrane which forma solid |layer. The
of good guplify|polable Walct he surface of menbrane conpri ses
[004] bact e!Th@f‘m@ﬁlBﬁﬁé’Cirﬁﬁ%ejrﬂt@m&Bhdtoﬁweﬁkis as a filter which is based on the
non- bi odegr adabl e, conpounds. Especial|y, the natura
separagipryainsubstaeacs depending pgJhReif élae-t‘é{ltﬁ thegrpicgpope dhgpemprane separates

. ' i the solid layer causing the foulin
partxclgér)ig(éfl 'tﬁeu\%&éﬁilté?. g g

emin the nenbrane process (Sun, D.D., Li, J., et

[005] al ., DO@EzenCiygards, membrane processes have become increasingly popular in
water treatment for a variety of reasons which include prospectively more stringent water
quality regulations, small footprint and reduced operation and maintenance costs due to
advancements in membrane technology. One of the serious problems when utilizing filtration
membrane in water treatment process is the decline of permeate flux due to membrane fouling
and gel formation as learned from US Patent No. 5505841. In general, the membrane fouling
can be defined as the accumulation of contaminated compounds on the surface of a
membrane which form a solid layer. The solid layer on the surface of membrane comprises
bacteria, organic and inorganic species, non-biodegradable compounds. Especially, the

natural organic matter is suspected to be one of the major constituents in the solid layer

causing the fouling problem in the membrane process (Sun, D.D., Li, J., et al., 2000, Civil
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series of phenonenon which conprise of pore
adsorption, pore blocking or clogging, gel formation
or cake formation. [006] Gel formation or cake
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1rrever‘§ R Smeriﬂ;rané I'}%ultu?g] kTﬁ@ rﬁéhﬁ@atfoh' iedioppb® MADUNthedhical cleaner is
em cal cl eaner [imted and subject to the

backwas:heé rthroogh the membranes In some cases, the tank is emptied during or after the

cleaning event so that the amount of cleaner can be collected and disposed of. In other cases, if

the tank remains filled, the amount of chemical cleaner is limited and subject to the tolerance

for the application. Chemical cleaning has to be limited to a minimum frequency because

repeated chemical cleaning may affect membrane life, and disposal of spent chemical reagents



for the application. Chem cal cleaning has to be
limted to a mninum frequency because repeated
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di sposal of spent chem cal reagents WD 2008/ 076082
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control of the irreversible nenbrane fouling is of
i nportance for nore efficiént use of membranes. [010]
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to renove organi c contam nants by adsorption and all ow
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probl ens are ere regenerati on of
membf3Aés tmrsmobfeodgemt ednthmld’angfbyt adspption andeslavotheunerolrane to separate
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encouitbrell 16 tHE PSRASatisH HIOP KA AEuiishBE hemedio M@Efbn%ﬁtures to burn off
articles are heated to such_  high tenpgratures

the NQM (Tae n:opto@ﬁ fegPnestting At sHel heﬁ%h%em?éwnﬂ b JEERES, ImRect on the
econor&ﬁg oﬁ g giolcgﬁqlsulg' épﬂﬁ]rthe{rrlﬁyre Mdftn bﬂ@?eﬁﬁ@ﬁ:@dﬂ@ﬁeated to such

|t|on di sposal cos Mor eov
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ot Dok BhaTRIRE TS, FUPhshb AT LPRGF Sk o, e
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reduce fouling of the wever iron.oxi

[013] 1 uni Rihanbesn Henased dvat Johy et QL rar ARG oxides common
adsorbef8EBE rakd qH-co'n}unbf‘fon with membranes to reduce fouling of the membrane.

However iron oxide or aluminium oxide also requires heat treatment for regeneration. It is
reported that the freshly precipitated particles themselves contribute to the fouling of the
membrane. Heated iron oxide particles have been proposed to remove contaminants and
concurrently reduce membrane fouling, the recondition process is carried out in acidic or basic
condition to restore its adsorption capacity (US Patent No. 6,113,792). This method is not

preferable for a continuous system.



reported that the freshly precipitated particles
t hensel ves contribute to the fouling of the nenbrane.
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renove contam nants and concurrently reduce nmenbrane
fouling, the recondition process is carried out in
acidic or basic condition to restore its adsorption
capacity (US Patent No. 6,1%#3,792). This nmethod is not
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source (usually W in a PCO process. The
ChmntRﬁMaﬂéﬂﬁéaP3bh§ﬁ§)for photocataly3|s in general is
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tab )| &, HOORIWaRE $ERAG &chnol 1.147,
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contanyipgis sqqheasaa ‘?ll‘?gaé‘fc Hten éa%ﬁ’ﬂ‘é oM EAfls  conti nues
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SUMMARY OF THE INVENTION

[017] In a first aspect, the present invention refers to a titanium oxide microsphere
having photocatalytic property and having a size of about 10 pm to about 200 um and a
mesoporous structure with a pore size in a range of about 2 to about 50 nm wherein the

microspheres are obtained by the process comprising:



contam nants such as natural organic matter and

bacteria fromwater. SUMVARY OF THE I NVENTION [017] In
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titani um oxi de m crosphere having photocatal ytic

property and having a size of about 10 mto about 200

m and a nesoporous structure with a pore size in a

range of about 2 to about 5@ nm wherein the
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b?dmgkhﬂg_aﬂ organonetal lic titanium precursor with an

. i thout adding H20, aging the sol; mxin

t gﬁg@%ﬁ”@o| Wi th titaniun1oxidg pgmder; sprayi ng ?he

- mhixtngrtiee 4ged folrwith tieninint erdepovalei;de phot ocat al yst

m cr ospher es; al cjning. the.m grospheres. [0 n
-Sopeihe e to fhm Th Wb TrubRERARE B Pt

- RERGRSSthe niGbshetedy Wast ewater in a nenbrane
filtration reactor, wherein the process co

ri ges.

[018] i xi nkp ankihet pipash t RESSeREINKITIOB SPFSI1 ad%m‘ieg%‘?’%‘g’é‘f& wastewater
in a mdnbt ﬁl&gtitmf{e tIPShEMRL RE proces @6lpAGst he m xture into

a menbrane filtration reactor; sucking the mxture

- tmignigable {itanivimeoxiderrbiceosghdr bf the present invgatieon with wasighaterie

rane, . wherein the di .er .he m crospheres in
Hﬁ‘gﬁ?ﬁ &‘? rgufednig 2 %&ra?%gﬁgtlﬁ%reg§t3%et er of the pores
-Glickihe tiemibitae areated inothententtake filidon ofacwattdoygh thenmembrane,

the surface of the nmenbrane;. and. continui f [
tHeerera Hisrigeeten ol thepicsrpresTindhe e o Pt B deer o the
t RGeS EMBIMBFane, t8 f6inE R RAE laj @ bPkathRstSdn the s@ifadehFIthe membrane;

spect, the present invention refers to a subnerged
reedbr ane reactor in which the titanium oxide

. ”Jo% Ry h?erégingfthet ngmgfaﬁg %atioﬂ\{'gzﬂ:ttdr%tﬂ @aﬁﬁ\%ﬁg: it} fhe wastewater
wast e ef cPeaned 1n the reactor or which utilizes
tibelejmedcess for cl eaning waste water in a nenbrane

filtrati reactor of the present .invention, 20] 1In
o151 B A S e o BB € ) o
reactorl e viiéh e GikdnAlth WRidX inflérosphef 08 PRE pESemaiivegtion is mixed with

hot ocatal ytic property for _operation of a subnerged
wastev?@qulgqqu pr)é thet r@gc_:torpor which utilizgs the process for clean?ng wgste water in a

membrane filtration reactor of the present invention.
[020] In a further aspect, the present invention is directed to the use of titanium oxide
microspheres having photocatalytic property for operation of a submerged membrane reactor.
[021] In another aspect the present invention is directed to a method of manufacturing a
titanium oxide microsphere having photocatalytic property and having a size of about 10 pm to
about 200 pm and a mesoporous structure with a pore size in a range of about 2 to about 50 nm
wherein the method comprises:

« preparing a sol by mixing an organometallic titanium precursor with an alcohol without

adding H,O;
= aging the sol;
« mixing the aged sol with titanium oxide powder;

- spraying the mixture to form the titanium oxide photocatalyst microspheres;



[0211 I n another aspect the present invention is
directed to a nethod of manufacturing a titanium
wW@z200d8768BL T Ospher e havi ng photocatal ytic propepPtysazid7/000436

having a size of about 10 gmto about 200 mand a

mesoporous structure with a pore size in a range of

about 2 to about 50 nm wherein the nethod conprises:

preparing a sol by mxing aR organonetal lic titanium

p;rg,féggﬁ gheny;tlbgb}@fésal cohol w thout adding H2O  agi ng

the so m xing the aged sol with titanium oxide

poyvger . spraying the mxture to formthe titanium

oxi de photo AR ﬁr—ﬁ]ﬁﬁ] WRA 6082

PCT/ SG2007/ m@?éﬁgs cal ci gFﬁgHtEhe mggl?%(ggpheres
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better .und
when QQEHSFPR IR SPELEFIN oD e ae PR R hacelfpanying dravings,
mwhlcmth the non-1limti ng exanpl es and the acconpanyl ng
in which showtfl ow .

[023] ¢ har t E'&- 1L 124 2rshev flgvt ﬂl?r% é‘Bﬁfr aling %‘? é‘fﬁ‘r?‘% steps for manufacturing the
TiO, IHEHH ReLbE ﬁQ ﬁr@ﬁ:nt Tﬂvggtld'ﬁ i oSPhimisaate®fa dpREifidrxample which was

I nvenhtion. Fig. lustrates a specific exanple which
carriedwas forqaanufagtiriog theﬂbf)z nmrg*péetea ef thg prasent @ation.

m cro res o t . :
1024) G0t ey o SEPEBHES GRS ol CR kg spte e bl imvention a
differeptf ﬁﬁgﬁﬁcati’(b\ilﬁiﬂw'hﬂﬂ theet leftpiétheer ehotvs rmgnglélmiatoispimse thafpittgre on the

the left picture 0 a sin sphere :
riEht sfecrhames R SHECS Pl iR TEPETBREeL e TE P Fete MFRiigR, The pictur
showm-%tgg suFfck AsMbRfBted that 1he nRAGSIEE Ti(, Paeiilésite udifEmpy Sistiibated over

owi hg the surface denonstrates that the nano-size

the surﬁacegfﬁemmﬁ@@r@are uniformy distributed over the

surfa o) r ] h
10251 Cormobi P4 hdfs TRECERRATG of Milnrbaits doRACpiepRing the TiO;
microsph@@s offi the oprpiver dsvenfion e prsenthe romwpesitom ag the| dalciped TiO;

. thec osition of t al ci.ned Ti 0
microspREres: ks OMROFHOR rpé%%&ss aﬁ’g\}’gelbgg‘?{ %?1 azregc e%@gn% &S%()Wder X-ray
dlffracHEﬁiB? ueing ROSEIRIadXr KRY-600f diffeaetdntuierbyithi Sujg rﬁﬂhaﬁbnrfﬁhkztop curve
XRD- 6000 dlffractoneter with Cuj .radiatjon. P
shows dly WD BHEE femibe XHOEA TH@r FISTEPHENFe © SEPist prisation while the

nuddlﬂrgl dfﬁé %\géyeéhr&f Tﬁolaﬁthgr)g‘éﬁrﬂattbﬁvﬁm:blﬂgoﬂ@m Wearddhe, respectlvely The

e an ower curve show the XRD pattern for
different ppaks eimticAte agrpist8ling @basecef gashyprotygs. TiO, crystallizes in three major

structures: rutile, anatase and brookite. However only rutile and anatase play the role in the TiO

photocatalysis. Anatase phase, a stable phase of TiO, at low temperature (400 — 600°C), is an
important crystalline phase of TiO, Rutile is a stable phase of TiO, at high temperature (600 —
1000°C). Hence the product has been calcined at 450°C to obtain TiO, with anatase phase. The
peak indicating the rutile phase in the manufactured microspheres shows the rutile phase TiO;
contributed by the TiO, powder. The raw TiO, powder has in general a mixture of anatase and
rutile at ratio of 70:30.

[026] Fig. 5 shows a comparison of photocatalytic activity of TiO; microspheres of the
present invention and commercial TiO; using phenol as targeted compound for cleaning (phenol

concentration: 100 mg/l; photocatalyst mass concentration: 1 g/I, pH 7). Fig. 5 shows the
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anatase play the role in the Ti0O2 O photocatalysis.
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60% aﬂﬁ %%Wﬁﬁ?l(ﬁfanﬂhﬁno-ﬁﬁ&&ﬁﬁ& TiOY @idrospher@Nbspeetivgy Clt ahn be seen
02 usin henol as targeted conpound for cl eam

from F(gg ehat|the . miergsphere of theguesspy mverﬁﬁgtpgwsgpysl{ tocatalytic
.. i
o SRS I Bl S R s

the inités cencekntration ofi thoke mivgospheragli ati on ti ne at pH 7. It can

be ob dth
[027] an ex%gnéglm\%ﬁ %geé(tghelaf%? ru[a) d t | ?a%%)%&g&?xﬁ rl]l%mﬁ llgl)é +l b microspheres
of the ﬁ@é}hﬁﬂe&moﬁf R&Y wﬁ&r 3] 1ﬁtr@fuc&Mnkd b inehfbi'ahélredcmmanm ttnlmugh a valve.

t he absence of the Ti 02 m crospher t he esent
Within the @iemPBRE AT o (he W PYa(E o yed. %V“B ek (Y OxHpplgres of the

presen(v\(g Thilo Gnd l‘&:ﬁclg& FOSRIEIsBh&Es fréiR thY PEOREactdrWaiAiH @B réaStor tank
|nto the solutions. The renoval efficiency after

the rav@vater rand)vh¢ Tifht mioresphieras avgrmixed byobs sbulenoy, fiey created by coarse

AR BT SRS DRPS s s in g 6 e co

diffusefd 8@ donfédsphenr aif supphy p’h&hentalsonm!mbﬂcﬁl t@@&B@Qed:aaor After
better photocatal ytj

ytic activity_tha 5 Ti0
cleaningfhe MaHPYE SRTEHSHONEH %eﬁy‘%fherf 16‘?!25% H%P@éa‘ﬁe »3iglon force
genera®@ ! EfunkPlochB@ olilide itRd memBRAS teadiot. OIheofx(lz g6®@spheres settle to the
m crospheres. [027] Fig. 6 shows an exe a

bottomocff the membrase reapkr avPidie garsh diffpsg taps Ayl réglet Bgoﬁom of the
membraP]e reggtﬁlgt?lg% ate MAEOEL O via B% tgrt 12000) ?&fcﬂﬁi uﬁfeq’d@ tddctor consists

e reactor tan roug a valve. Wthin the
of a rxetidir etinenbeeand arUV datapt ﬁhe PER chamber censisty efia iouble glass-cooling

f h T
st [0 PR L RSRASSER, B4 41, B 0550 MDIEPEIAPOFs50 oy

The PO tddicior LAEDS Bidded With & gﬁﬂ«hffﬁm at thevbueedre of tied®Qh eha]hlﬁﬂfor diffusing
m crospheres are m xed the turbulence flowc

the airpyy mediymsBresir mgwary lrge 2 ) i eSS OB Flgneth of 253.7 nn
is mstJ(gE?‘Pérﬁ@:ﬁ inafd Aldd1 tﬁ@fbaagr SAROUW sk @ (sé dIeF aﬁa@aH S8un, D.D,,

user are connected to an air supply which is al so
et al., 2008nepradd to the PCO reactor. After

[028] Fig. 7 shows the graphical illustration of the effect of titanium dioxide
microspheres on permeates flux through a membrane. The initial permeate flux of humic acid
filtration is 3.3 1*min™"*m™ and gradually decreased to 2.3 1*min'*m™. There is a flux decrease
of 30 % after 300 min of humic acid filtration. The initial permeate flux is increased with the

presence of TiO, microsphere in solution. The initial permeate flux is enhanced to about 5.0



cl eaning the wastewater is passed through the pores of

the filtration nenbrane by suction force generated by
wa@2@enpoBoncat ed outsi de the nenbrane reactor. AEESG2002000436

m crospheres settle to the bottom of the nenbrane

reactor once the coarse diffuser stops working. From

the bottom of the nenbrane reactor they are

transferred via a punp into8he PCO reactor. The PCO

1*min’ ‘f*ﬁ@?Ctv@th RO Pedsehc® 0f0D.53g/1 €8 ri®Nniidiesphere iankhnsic LMld adtption. The
he PCO chamber consjsts of a doubl e gl ass-cooli

pennea}teélnmdr((p@e@ to 48, IAmiry g mranabent Jort o Al IR e $0¢ it gf filration.
o8 BT A Gy 1, e
flux is bétidt:ectnooli Zﬂhﬂxnlﬂ’ﬁﬁfzcﬁalm@etheflmre@pfof J@ng)nccm@tlgn ,m sqdution affects

the degﬁq ggﬁ}wg xag{s)ur & Curé{?égng e%?ﬂce\% 75% ?sgggrr eYin solution is still

beneﬁdiﬁﬁﬁbﬂﬁhhﬂgtﬁ%ﬂehﬁedf@ﬂﬁﬂe of the reactor as the uv
source (see also Fang

[029] supr afig- B dmeys e graphnc@n%v%ratlmofgth%@wa@ E o Gy o pembrane

ﬁltratl(ﬁ'f Prtogc%s e’i‘flefepémf%fiﬁ do ﬁ) W'tﬁ%' He méﬂ&ﬁ&sﬂﬁﬁﬁ% iOkble to remove
ates ux t nmbrane. The initi al

humic yaenxirm abeutf150x Tk rhmnvad ratcucd‘ hufrii¢ aeidchmachieveR 746 arndP3% with the

presenﬁenignfé) f‘ ﬁa%ﬂ? Slx(? (%IC rog:‘gréfa%fecg%%ﬁg}% ?etséecﬁg%lg M 1a?reasc of TiO;

concerﬁ‘éﬂb&m&@hﬁioﬁ |w|1Ill hélp it®@achickea betiertrembvap eatereat e f lux is
creased with the presence of ¥J8 m.cr ogphere

(0301 o ut Fignd sPAES 5 Rare S CHTRBHB QR O SN GRAHREEG PES TiOx. Pore
size dlﬁhwton%eMS%QQg{aQaM tf%é&ﬁ&%x%%& thSBIH (Bartett—Joyner—

presence of 0.5 g/L of Ti 02 m crosphere
Halendam nmﬂmdc IIaElgd 9s Bvuce/omie (ﬂrestawbrfﬁéaﬁr@ volume, d@ing 56 spngy, for cubic
centlmﬁgeﬁs) ]b‘an;ble?ri Plo{tlel\ﬁo %gam%&ﬁyéoge(s(\}ﬁn&fer Eﬂe Hélo ﬁglg ﬁ{)t?ia I@{ganvotgﬁ)mes were
estimated @dninthe latdpite hdsorbedrae a&ﬂah\te(prdssgk (B/POhef Q.99 ﬂ‘iha lﬁrst peak in Fig. 9
perneate  flux_is reduce

d t
of 2« Fam peF e d¥ BFOrRdS SHGHERIIAG PSRRI VESH (15RO ¥ Ship dhe TiO:

microsph&e AR AhE ?ZS’fobE W¥glBRRARGE MBS tpord Kizgeotaaiatd twhith the method of the
presence of Ti 02 n1cros%here in SO|Ut|§€ is still

presenb enryentisi for mapuizpmERg ithi T tremisershieieeok g presprioigy entiog lies in the
mesopgroﬁF 93}4@ %?O %?W%x“egé r%ré)&éﬁ{p[eameq{hcﬁfspﬁé?@s REIRAIRd according to

ring the ne ane [tration process. The
Li, X. Zlemdﬂau &H.q2603, Bavstm \isi.t Teshndl h 2ok b 3982 3994) theain the mesoporous

o 22 ot G AP S5 i 3 P R B o e

interagdl 8@ PoRfwiictbisghd prs Betivebn giel TiOh mi¢rBsbhaies bodplagglomerated P25
respectively. The increase of Ti02 concentrati

TiOs. AgraliFonoradirs SRGPRIG | 5ot SRElls TBSPREPL WHEYE of Sy 2 o 50 am

enhanded @R adk: rgtlorpof%gg%lﬁdﬁgs. pore size distribution of Ti02
m crosphere and P25 Ti 02. Pore size distribution

curve was cal culated fromthe adsorption branch using
the BIH (Gt £hisD DESERIPTION OF THE INVENTION

[031] Considering the continuous need for improved systems for effectively and

economically removing contaminants such as natural organic matter and bacteria from water
the inventors have developed titanium oxide microspheres having photocatalytic property or

activity and having a size of about 10 pm to about 200 pm and a mesoporous structure with a



Hal enda) nmethod. In Fig. 9, Dv, cc/nnmg (Dv stands for
pore vol une, and cc stands for cubic centineters) has
whems/opost t ed agai nst the pore di ameter in nmPdheG2007/000436
total pore volunes were estimted fromthe anmounts
adsorbed at a relative pressure (P/PO of 0.99. The
first peak in Fig. 9 of 2 to 3 nmpore size is
referred to intercrystallind porosity which is the
pore siBO f@a%ﬂé@' dF 4b08t T itd dbouli 50N @ .PTeE enidfospHeeesR2® obiafizd by a process
aggl onerates. The pore sizes obtained with the nethod
which gsfmprises: present invention for manufacturing the Ti02
[ t
- BLGREP 0ty b 5o BRARGRLAIE REHLADrARS: Wit lochol without
mddmgsptmngﬁzm;anuf actured according to Li, X Z and
Li u, 2003, Environ. Sci. Technol., vol. 37,
ﬁg‘§§§§e Y94) lies in the nesoporous range as well as
- infixinB€hd'BRH SPIGNiEStakiamaiidepoWdenm) . The second peak
refers to the interagglonerate ich. is he por e
* SRIAYBE {he JEtorE @foﬁ'flé]ileo%‘ﬁﬁémég‘“%?rpq‘f’%at\ég’éﬁ IBitEH f‘éi’f P25
Ehlgﬁegf‘hémft’ heR@Qre size distribution, -i.e. the
nmesop rous structure, of about 2 to 50 nm
[032] enhantlesmangaciasof thaso parsitles snbased ﬁamessol Belmapeessp In general, the
SOI'gelé’G?ﬁern‘ﬁgﬂghl e Filase WEr ov%011 %% ]SOI% or e Ig%%ett?{i/e(f alkoxides or
organoidthllicc FROGBIE. aT]Iuy st REhichN 3 a:easltlacm n@mmmngmahuﬂ\@ in suspens1on is

nat | tt d
rotm o - 0 ] B e

thermahgﬁﬂegﬂn PRAACH ﬁb%fahﬁ chFdih@ﬁilteya glrass §6l‘yl:1*ybtﬁhé orAdirhaMi BPgeneral,
si ze of about 10 mto about 2 m and a nesQpor ous

the Solﬁaelr protass eonsistsofdydolzooed SoBbB LT SEpEe WhEHAso thy formation

of the &P € size in a range of about 2 to about 50 nm This
m-'crospheres are obtained by a process which

[033] Con‘prAs‘éssl” isp d;spe‘rsmg ofi sebd pla;nclnsxmrpghgmd where only the Brownian

motlonwsg Ea?a%icﬁaat%t ae{]g rsr?gs? 1S shere gtl},{]\idctll.{l}%an li% aré) dis Xpersed in each
other, WHigh 9&@&@9&0% demdrkk&nammgmqudﬁmoﬁeﬁs sprayi ng t he
mxture to formthe titani um oxide photoc ta"y§

[034] i cr ohhéarms ; "particlel ¢ | RICFRPAEUSE m Rsed s pHRI 03@jcrasphere”, an
TRONERGLAHERSs Afert BREN ?sfcrét&aerﬁlbs?»@@s‘fa?ﬁ Héﬁa‘i% E, h
grammpréohceg&1 Fns ge%etpaﬁf?1 § s% -%el Spr oceg!sw]lsﬁs bgseds% aving
a diamgtee ofrbew L0 amgbmctmgt(pgr) tofabgutsH)0 migremeters. The @gyerage size of the

lic Koxi c precursors. This
mamu%‘(ﬂ"“ie\m]lc{:oﬁp}f%esée HF(?Eol lggel%on%g:& t:n n’!l &lpaft icles in
[035] SUSPEMEd 8dl.gel Process used in the present invention can be performed according to

any protocol. The titanium oxide microspheres may be formed from an organometallic titanium
precursor, for example in situ during the reaction process.

[036] In this process, at first the sol may for instance be generated by hydrolysis of such
a precursor. An exemplary precursor can be a titanium alkoxide. The hydrolysis of a titanium
alkoxide is thought to induce the substitution of OR groups linked to titanium by Ti-OH groups,
which then lead to the formation of a titanium network via condensation polymerisation.
Examples of titanium alkoxides can include, but are not limited to titanium methoxide, titanium

ethoxide, titanium isopropoxide, titanium propoxide and titanium butoxide.



polymerized at |ow tenperature to forma wet gel. The
wet gel is going to be densified through a thermnal
w@nosaldosy to give an inorganic product |ike apgl/ac®07/000436

polycrystals or a dry gel. In general, the sol-gel

process consists of hydrolysis and condensation

reactions, which lead to the formation of the sol.

[033] A "sol" is a dispersidR of solid particles in a

[037] I'i qui 'ﬂm&eblﬂrﬂd liliRd Bhe¥) @iﬂprdﬁﬁnﬁtlﬁmbyﬁyﬂmd dnldecondensation
es

partic is a state where both i
of a itampun lkeiscpa b@ peréemied] I ak lcoligl Resn a‘%ﬁﬁ\ﬂ&%‘b‘ﬁ@

t 3
used u? glJ}é ngreglaglg\r{\%:’tfﬁdc %Eﬁlﬁ]féé :bg ﬁgdroﬂ’l% l‘ivlﬁé}{@%{‘ 88 kSed bf3&hanbl€methanol,
isopropanbl; batama @t propanadr osphere”, and gramati cal

ST Y R ——
catalysPfcan DRUElerhf - HHeC podeddaies Thik, D oﬁb mspeclomenpﬁsmmhmon further

The average size of the  titanium oxi de m crosphere
comprisest addingda c¥alygrteithe pal fap Hiviating thy rpeien erwsensﬁngﬁcj@iursor and the
alcohopr wiSRhid Bathi)&, RIRSS rl‘xStdx‘o@M@H@ h&QA of Arib AcidCEmBIRLd. In an

Ing to any protocol. The titanium oxide
acid- cmlyzedsthécrsstmmyltmmﬁos thelievied den berpretogizad meigh makes the titanium

ecur sar e i i
more eiﬁ%cgrggl? E?] axb(? E) ugsusce{)%lg%? Pugf 11% Ar“g%léé{é lingatd{df &gdlilégg Ia)rocess the
pH valg® mal&yr ihtindert@tia ecrabge Q‘feabellitalt tedibblyt 4 paehodsyfer exapfple about pH 1
such a precursor. An exenplary precursor can be a
or 2 013 @fdnij um al koxi de. The hydrolysis of a titanium

[039] &l koxirgle did $M@ BRanbetalRUG@nibifieprectisdri tbLchtthl ©dn BRabout 1 to
groups linked to titaniumby Ti- rou whi ch t hen

betwednesgutt ciotI B nfcbrlant exaresile HioF3tiosh ARAN d@ AgREeRAhgut 40 10 60 mol.
[040] Condeﬂ?}@#&a‘?& H%l %F@fggﬁ@%hﬂ@ of tlt’::rﬁﬁﬁpﬁln%&r&fr Hta%hb'mnd optionally

al koxi dés can I nc ut are not Timted to titani um
the catalgtttioagedeWithi“aging¥inis medro thatithe gel which starts tooform ftoxi the sol shrinks

titani.ym prapaxi de and titani um butoxi
insize y 3P B BB IBe 877 BOBA TN 161 (R et ARedyT 34 by wp 0 2
3 or 4 B8, Ini thE presknt IREMIC the Sl iPagep Edrabowi24hputiytabfet yids Bsed rfok mixing
condensation of a titanium al koxi de can be perforned

with anr@nmm aridePRVdesr an absol ute al cohol. Any al cohol can
[041] u?@ldthé Exah uscetgfee(ﬁqm uﬁﬁh&%mﬁ?ﬁéml (ﬁsth@f)re%n@ @vehtfon no water

can are et hanol hanol | sopr opanol ,
(H.0) bfv “Widbr sul prempativnl becB@ Sfatdrrwaydd ereslerath shhgelatign,pogess and the

precip atxogao?glf Sé}?)quérﬁgl b flgﬁiﬁ o%f' agsaih‘% ¥t ol gpe‘@?%?['emﬂftﬁfeg% solids.

Saq%phol can be

aCCG ra I‘OCGG

That nﬁ:ﬁ@s tﬁStﬁB@f)r,esdnh thvpihitemakes tha Vit ¢(md1t1i)u ldtd‘mg the pmtbesis@ecess so that
ding a cataly I to.the sol for initi

the sof e‘éi’&lt St dieveesteh fupFHoay s Ve ah A iy ?@%chf)}aci%gp formthe
mlcroégﬁa'r@?g@gicgﬁhg lzﬁcglniﬁilb/@fng sﬁ#&?l?lrﬁﬁg pideRCcHERe] with6utdh®tise of water a
much more stable sol can be obtained havmg a shelf life of more than 1 year. With longer “shelf
life” is meant that the sol will not undergo any changes during the period of storage and can be
later used for the next step in the process, namely mixing the sol with titanium oxide powder and
spray drying.

[042] Another advantage of not using water is that the spray drying process can be

operated at lower temperatures when alcohol is used instead of water. Another effect is that the



aci d-catal yzed condensation, titaniumis believed to
be protonized which makes the titanium nore
web@shraphi | i c and thus suscepti bl e to nucl eophdT/862007/000436
attack. In an acid-catal ysed process, the pH value
may for instance be in the range of about 1 to about
4, such as for exanple about pH1l or 2 or 3 or 4.
[039] The ratio of the orgaﬂérretal [ic titanium
: rmcrosﬁﬁéi‘é‘éﬁﬁ@é pregenfindehivh sEéw abgesapvis strutfre, betappensiabdistribution of

to 100 mol. In one exanple the ratio is about
bemeebeﬂlbw@e%ma% 50 O (R® Bolngsmeral, pORGPPHPY LT e O srpwtion enhances

the adgo‘fft Qf]nfdﬂtﬁﬁtu hfts ?ltort:ﬁct BRI, q,ﬁ%a%rygfé%&l @h,@(l)OSa']Qumal of

e catal yst I s agéd. agi ng" IS
Collmdmdt httebrﬁacetsmergeJ vmhz&ﬂh BHH-423)t Jhﬁocrmanménpkh@rlgmapacny for

nncrospﬂeé'es g]aﬁxags l}Ci’lZ gﬁ’(}r/{& can (J[lstﬂgutiolr gh‘% Z?i g%eglh geﬁgﬁs@xglte(af for the

microsphé?és oF thkayr8sent mvéhidnsee Femts dnd\8gnt i on the sol is aged
or about 24 hours before féél ia used for m
% ReZE

i th. .
[043] a ti t EnfsPBerdeohoRdEine FORRNRRCE 6 greegy ivenion

1llustra§é?lqn tFE 4. 8NinE B 1GHaRRE 6f @:ﬁlp@itestshgulﬁ a6 ®B hivdiddtedifring mheﬂlﬁeparatlon
(H20) is used for sol preparation because wate

of the \miulhdgqngé,l additives oh Qenggqltgi wilh cgptgblgg do gwguqs}-@élhty of the sol which
means ?lﬁag%hep s#:l?th 0k tﬁ rgélg_%l i)é]h %:e.s (?igtﬁéég,ﬁlilégg)tolﬂ%g{ﬁg%él (PEQG),

e S 0 recip
polyvitigt assihé 1BV Al) asd Wrm@'ntethyﬂneﬁnlosm')(CM@a&einhund‘lblaiséd to create the pore

con |t|on d t he synt hesi t.hat -
structugg,pt §,P[9 ugteﬁ{s%%]q%%maleyag'l“tféoslpﬁﬁrﬁcﬁf%ﬁf F‘8%§?‘efzw5‘g§{1$ bfyadditive
will leQd{l:l ?(g'rlzﬁgeo%?@ﬁzéé/ ot the raﬂllfhb@ is Hé&)h@%ﬁﬂﬂe@ﬁﬁorﬁlétﬁl M} 2¢(H Current
process,

| owi ng_spray y
Opinioptip dlexbindaieairct eI ahdy 08t S 414 BT oRfothir problem that was
found fglﬁaq Itlﬂ)%g %ﬁ?f#ég %f ?e{n@qa%sf ark Eérﬁet% hlft '&?ﬁm%vé’ ﬁﬁ‘ing Mé tdlcination

s meant th e sol
proces&u ol dng casathisoiauhd)affect] thei degree loé cnp'@tallmdy of tl@ﬂb@a gecramileres which

l.at er d
i imp SR R SRR PR CREE LIS ] 50D RS e ciffernt
decomP&Ni@dh Rfnperatires M&}xeréﬂ)@é fgghta@dy amhﬂl@ﬁn@fwiﬂothemtm@m calcination
water is that the spray drﬁ)ﬁng process can be

tempergiyis o ahse WEEITRURTDOF atibe GBtcl i LSS HigPe 1epegially if the low

JaRd ©AErR hinMRE Bhase lis §dctiemtthd SrobRabf SUiSn P the TiO 1
temperg 3¢ 36 hn il Bhasc BN} 4G ie el %ocrospherggi@éfe oy particles,

amphipitie sene-blonk eppdlymers hasdditivesrdike forr exampla P@mthwl@leglycel (PgG) PVA
and C% gresll% ad?edS r{h% } Q0 1t01fs dogg gféé\lﬁ%% oér) ieH th% rﬂgﬂl&f) d2RriB& in CN
1443601 Atvvhl&luﬁ/ascm;eehhanoez artlﬂﬂu d(ﬂf(@ﬁ(pﬁ,mnm)f cont am nant s

(Loreng- Grabowska, E...and gl ew

[044] Jour n§| eb?gm%&tz}n&pﬂ 0&4& PPP{?&‘Y 1? ggée tﬁg ggetﬁs&)? Aztéytltamum oxide

powdeP - - A Gty InlBfe %ﬂﬁlﬁﬂl@%s&ﬁ&ﬂ%d’ﬂ@ncﬁﬁﬂﬁl&ﬁ Yxiderpowder supplied by
m crospheres having such a pore size distributjon has

Degussgd, ﬁgng@yn haschasn ysqda This powides J§characterized by comprising a surface area of
about 50 m? g, having a crystal size of about 30 nm and about 70 % of this TiO, crystals are of

anatase type. Another TiO, powder which could also be used is supplied by Taixing Nano-
Materials Company in China. Their powder is characterized by comprising a surface area of
about 56.7 m™~ g, having a crystal size of about 9.6 nm and about 89.4 % of this TiO, crystals

are of anatase type.



m crospheres of the present invention (see Fig. 5 and
8). [043] In the process of obtaining the Ti02
wor@sospier es of the present invention illustret/eq00m000436
Fig. 3, the use of additive or tenplates should al so
be avoided during the preparation of the sol. In
general, additives or tenplates will contribute to the
unstability of the sol whicH? means that the shelf
[045] |'i fe Diffdr&iR waghti rali@Sarei poksible foi miikiag - titAdeknt dxides powdek ewith the
pol yet hyl engl ycol (PEG pol yvi nyl ~acol hol (PVA). and
aged sl aFlsonipiaeliiplic isiabowtd st wheras) thamaxims Fatio)iy abaud i 10 in one example,
the weglf %tfl% fgpﬁuﬂgé G edﬁstoi W Yltsni®h oRiderRRIet is dbblf1:5 OVixing is carried
anpl’'e 'a m crosphere. H gher nol ecul ar weight of an _
out usiagldhy inethod igr thixfirggsichotvn ih strecpat, fgpoxemplez wardep pigreing kenditions using a
addi ti :fe IS .decon’t&)e%s d (Antonietti, M, 2001, Current
magnepi StiFes for; ghaiype gyt I nterface Science, vol.6, issue
[046] 3, P. 2HsIdABdbtaifBO bft@miRIng kM ten bprayedragornf tumithnien midedspheres.
~ those additives or tenplates are sQmeti mes difficult
During sprayedfpipg stagaregalf &9 ioamiseRisold pugrespheres, ¢ hj s
case, | i fto Gb® salid DS Yni@bspheres.
[047] t he T{\ aﬁ’%@gé gﬁ’ﬁ‘g@%ﬁ%{%ﬁ agﬁiegmi@%%grut) ant for t hezlt r P
Calcingtionaeaatigng apaby ltikeipdase aDpf dhave the thgmmal jdgeempsition temperature (for

tenpl at es m.ght. have. .di ffe . it -
dcom P L8 B RGRAI Bc p sions) of
the mdtdlRxaRt isdlNTEAtinatidnostep hasTer effast ehdt ahe Fi@As particles obtained by

transformation of Ti0D2 into the apatase type .
sprayingg SR Aromh gmergipus pBgsdp SDGIAL Bieg phivaHe s The different

compoQi!ﬁ@ﬁ of CARRI Hpeb of HRefffereht doMHoRERS @SEI RF tRDInamIThdigretdTahe TiO,
TI Q2 particl'ées, anphipilic three-block copolyners,

microsphietes arg dbsiratkéirf Be. €xanpl e pol yet hyl enegl ycol (PEG), _
PVA~ gnd. CMy i ngfét | hetlvieI 9Bt 400 °C t

[048] for e;ﬁlaﬁ%ﬂ A %rk?wgf%ﬁlrel? %o 8eog§:tralpget(§iﬁk%r§%rl\lé 344%601 A ?

about 680 eQ. GalsinaSed ciy bé icarri¥d Dut anal témperatite ¢f24008t 460 8¢ 2 well as at

500 °C{. ﬁéf}&‘gg}%@iﬂ, %%k%b?r%%%fwﬁﬁgﬂ@&%{( %sg)%cg %zriatiigf;l I,i]sm a)é('ne%ls(l)eug tf(():)r several

hours, fér &aRpRX}AME &r dafvats. Deldinagseismhonhallypdrtied owtiit urpmssl ef reactors
suppl i ed by Degussa, Cermany, has b eg used. This . Itio]
(sometpenteferted (e pelie] o Y25iges $51E8b HSHIETE oA FETF kBt Klps, multiple

i Ay $38:@atiSh &gt hlsd DO duced usi
hearth %%pgdﬁg ﬂglgicl)%%d%%g r%%ctg ?h?gha%: gr%ﬁ/ m;{lal S %ll?g Sof veed tsing

the hydottearnal thethed as\deschieed by Hildagovtal. (2P0% Ity Tedayoveld 29, p.50-
sed, | upplied b aj, xin 0= ter] i
58). Uuﬂﬁ’igntg? %?'ﬁ%’lﬁ)lfenﬂg\/\ﬂlgﬁmg’s{hg hsalr'é’(i}? [elr P 1%%’? %yé ?Sﬁ%ﬁgq?ﬁg% allngide of a

stainleSd téed @@rodla @ Hdrotidimdl tr&fméntfis gerfprmedava oy @mpemgirg [for example
si ze of abo 9.6 nm and about 89.4 % of this Ti02

120 - 3071 Br s5vem bows Sariat ABwT R WeH oGNS Tor Sxample 198.48

10 47596 1pp3E2007/ 000436 12 [045] Different weight ratios

are possible for mxing titani um oxide powder with the
[049] aged delan oPHenakistepntae TiGQz pasticles ehsened afies sprayig£an ppdred before

calcma%)r(lit%lllovrv%irtgeri c‘%nﬁgl%%onlénliopaséiﬂg gﬁeote%m&g liquids (water, alcohol)

from the gel. Depending on the liquid content in the wet-gel, the drying step can be carried out

for about one night up to several days. In one example, of the present invention, the TiO;

particles have been dried overnight. The particles can either be dried at room temperature or at a



the weight ratio for mxing aged sol with titanium
oxi de powder is about 1:5. Mxing is carried out
waeigisg7asy met hod for m xing known in the art,PEdD8G2007/000436
exanpl e, under stirring conditions using a nagnetic
stirrer for obtaining mxed slurry. [046] The slurry
obtai ned after mxing is then sprayed to formthe
titani um mi crospheres. Durildg spray drying the
temperftafe bélvesh Akt SGas @béR 150 0. FagliISeld o shibwra0gdmeil @Serview of the
[047] After spraying the m crospheres are calcined to
process effobfaining the fiiQppartielppafjhepesent invgrtidnnat i on react i ons
[050] usual "l"%lé f‘lflﬁxsmilt@sc ﬁlea)th?lQEalQ:E]?r\é@terti fes Bh?f(ﬁ&aﬂnicmspheres of the present
deconposition tenperature or econposi tion and
inventiviohmt a puirz O cpowdes mhinelyP25drom Pegussa Geimamnn
tenperature (for phase transitions) of the
net al | oxi de used. The cal ci nation step has the effect
that the Ti 02 particles obiléned by spraying are

transformed from anporphous tg crvstallite phase

of Sam@lease typd. BERSurface Ares(m’/gh fnsaknase Vlﬂli'“ﬁﬁ’(lﬁlg‘ts/‘gP

of {1 11ey diff ferent——conponents USsed for the
stir;%jrj?g?oén 0lIJ“!rﬂ{e{%of the Ti 02 mcrosphenes are illustrated

partidle 5izg25 4m t 048] | n gBrikrab.p2 cal ci nat i on0952 ¢dxAidSed
out at a tenperature between about {400 C to about 600

C. 9%aM® nation|can be carried out at a t enper at ure of
Tieh WHEro§iers as [WelT as at 500 C. Iin one exanple, the
t enper at ure wag about41480t £98 Cal ci nat i on0i432 ¢dx(GR2ed
particlg gizef Bk— 2@mmall hours, for exanple 3, 4, 5 or 6

hrours—Catcimatiom s normat 'y carfied out I n furnaces
or reactors (sonetinmes referred to as kilns) of
[051] var i oPgndhsighnbe Ti@) mitirosphahadf the presemtesyention areymuch larger than

kil ns, tipl hear fur es,..and fluidzed bed
comme et T S BB, L BRE " Ren e 450" mesoorous
structuted) AYESding §b M ddiRRidAYHTRS fedrimlonaEUion o8 PustemdrAgididd [Ghemistry
H | dago et al. (2007, Catalysis Today, .vol.129,

.20- .
(TUPAGBthe teti {TaespPRICHIFSORFPHST REFTS AR POIS d1ze th thedangs o 2 @ 50 im and this
' n higl | ek 0B 0fg) JLofdn@itabSwska, E. and
range g{‘}g&glﬁéjsatl{éog?%ﬁgogl—@%r%git“ﬁg%fs t(]sr% eat %en? a(l s perfor neda "
Grygleaficza G.0R00% nperalt dicegrdingr toeRET.ea ppp size IiBtovC X pm is termed a
. several ggU{Os uz ttr(gn%4mhouros and. at hi gh wor ki ng
MICTOPReJans aug ~ 101 VSN e Lo UB “ 6% 475. 72 kPa. [049] As
[052] an opThg@Ne p(tbreméze_t cb’tgth'gi r?&r@ﬁhdrésf:b_éﬂleoj_n'bmnnénive.afimerfalls into the
sprayi ng can_be dri efore. calcination to all ow .
mesopqigns HBES B ESEEBIF: P ese size 93 th JucEysPpeIfs, Pgpigped by Li, X.Z.

and Li{l,i ﬂ.u426§3,_(s I}ang@é ket thefrh@Bpdrb®s &Rl madsRROEN fbgeind depends
the liquid content in the wet-gel, the drying step can
on the badditeasuset Lo 3.Z. dndrLindd 0% suntnlypses anpthes meshanign for forming the
48y Srurel [ XINGLBTGS SN0 SilriaPlise thb Sdditives (i.e.
P orous'ls?%‘émep%rtﬁ%lgfrgé a%%s'b]g’e%('i]d r%lng dve r(ndl) ght &B TE e’ itives (
PEG) oatédte the poean sarudtiver Iibtheghrésent iaventionntht eamsizad (i@. pewder (from
the solgﬂl;s eallnlyégdezdog?t{nigz CO r8n%cr(|?sp é:rse'cfrzl %9(]&3/1' 9(9 Qréég’tg thell%terconnected pore structure
of the microspheres. This has the effect that the pore size distribution of 2 to 3 nm which is the
intercrystalline pore within the TiO, microspheres, is 0.3 whereas the pore size distribution of Li,

X.Z. and Liu, H. (2003, supra) is 0.7.



tenperature between about 50 to about 150 C. Fig. 1
and 2 show a general overview of the process of
wobdogioniosy the Ti Q2 particles of the present i POERGR0M000436
[050] Table 1 illustrates the physical characteristics
of Ti02 mcrospheres of the present invention and a
pure Ti 02 powder, nanely P25 from Degussa, GCernmany.
Table 1 Sanple BET Surface Afea (m/g) Total pore
[053] Vol urenhd %Hb{oGQtaIC\;R QuctiViey? o@ofﬁﬁoﬂlﬁﬁ}bspﬁetﬁardﬂ tHeepeben® iAbention is
nmto 43.74 5.02 0.952 0.245 0.1 m
improveil dpe tpthe aeantym sgy effgcigghioh wzgg@efbbz thepfé‘i‘%{efié?denaélf’ Fized anatase
crystalﬂ‘ﬁ%s as %ngstmehoiililﬁlzge@u%ﬁ‘tgﬂlglﬁzi Reredi 02, &{oﬁﬁeﬂbﬁ rvﬁﬁclpt)ccurs for
esent invefition are nuch | arger an conmonl
semxcou&mmlor'ﬁaﬁi&lq{samtthe:dndsr ofl 1i- KenrP dbsize. RertiBley “shsnhffaﬁ avithin this range will

e 55 ¥Rl 1 TRRERRL DU G, W SR s, 2

(1995, @Jﬁ@lmﬁn@wmwwmstm) (1UPAC) the term
opore/nesoporous r ef size in the r:

[054] of 2 £ caw barseehdrophFig. 3 'Z‘ﬁg%‘“é‘ﬁ??a e RrRsenG HWEIIRY € a very

1 | MbPaM Q%@& Eid £ £RABHE mEhBRAYS IPa eEc Afdchvoided.
regulargiph hermal Q{Eg 3605 sug‘r*‘%)" According to 1UPAG & o
Those fﬁrﬁzermmzseh«bes oW alsmlm lmd te ﬂ‘m;d:l irzeverpitde m@mbéar\eafﬁ'glélgdmause they

50 nm.i s ter r a
it 57 S PTG el W Rpen A ol I port 8¢ g firation
memblﬁﬂésls into the mesoporous range only. For exanpl e,
e pore size of the mcrosgsfglres nent i oned

10531 x. 7. "Phgiedrs dhe PresqR ORI By 8150 AHRYEL Hat R phgleaning waste
water 1H%Mrmll%@om%t&§ & th@Eﬂ)@eﬁﬁdm gagnds on the
ditives used Z. and H (2003, supra)
- misieg thertiseniem axidstraisrosphero ! the presery invrationyith astewater which is to
S r crospheres. Li, X Z and Liu, H
b %ﬁégé%au%rga aﬂgégaftg% additives (i.e. PEG to create
. filthﬂngmheo wsixsite wehted en tha mbrebpne Sdtratiam veaator ghroughhghe filtration
0Si ze T|02

nwnt ane qfﬂt@e ey S%htgl}rgt xhres?tarepy ?B&X%"é ) sucFJﬁn gorce at the filtration

mdMbBRAfROSN &t REmPRAINE 18ididtS tWhiefein @lie dlaénedr cofomp hﬁi’cﬁSpheres in the
This has the effect that the por e tgl ze distributi

npixtuge 13 greatephanthe diameter of theapares f the membragisy @ 19 B ‘ﬁge layer of

t he pore size
dp'gtsl;rﬂegeéto?pct)rr;}g %?BQ%fQﬁe flhl.smgn %eﬁgﬁgn%a&d( 2003, supra) is

. cOntihuingde2di 68 ﬁl@ﬁﬁ@g}gaﬁ!{ﬁh@@n@gﬂlﬁ@g@a@@vastewmer until the wastewater is

cleaned.

[056] In one example the process further comprises adding more titanium oxide
microspheres into the membrane reactor when further wastewater is fed into the membrane
filtration reactor.

[057] “Wastewater” “raw water” or “sewage” includes municipal, agricultural, industrial
and other kinds of wastewater. In general, any kind of wastewater can be treated using the
process of the present invention. In one example, the wastewater has a total organic carbon
content (TOC) of about 20 mg/l. In one example, the wastewater used in the method of the
present invention has already been treated to remove trace organics or soluble organics from the

wastewater.



14 [ 053] The photocatalytic activity of the
m cr ospheres of the present invention is inproved due
W eooslomsogriant um si ze effect which is trigger edP@ISGH®7/000436

enbedded nano-si zed anatase crystallites as

illustrated in Fig. 5. Quantum size effect is a

phenonmenon whi ch occurs for sem conductor particles

on the order of 1-10 nmin dPze. Particles which fall
[058] W thifF dBisSary2f€ phdckés cdhddingriRe MfeAB® dmixing of the mixture of TiO;

~ " photoefficiencies as described by Linsebigler, AL., )
microspheresGanch Wastywaiss to rclrieye a ynifngm distibp{ionze)  the \ppicroggheres in the
. 735-758 4 een f ihg. -

wastefifert 73508 gt ne okt 6D AT | R8bfand b Wbich uses the
microspleges @ffths preserit datentiom pe gaoimixturs' of mitrasgherksrveighe waftewater can be

i b 38 TEERE BB Bt Gt Bef 19 G, B0 e
located 4t HIRMSSS iU fehd MBRbANE rdabiet.i Ng because they inhibit,
for exanple, that small particles dissolved in .
[059] wast elkageseral] b miseospheres agst useHOF FmovH G NOM and bacteria from
water. magggﬁucl&lpﬁlm&g gfh‘ér’ig [tRanib A iHLi8S PRotoLANGRL lafcdriibined with
also directed to a process of cleaning wasté water in
the incnringrioavanetdritb tfomn jacsuspaamnoComhpination of wastepptse @gd microspheres

bt hos scspeaisroF pmltatied o _
can i lRes GECaR EnHOB A B ek PR B ik BF PR of fvering e

memb,taﬁ@agaadr_i n a menbrane reactor; filtering the m xture
reated in.the nenbrane filtration reactor through.th

t e
[060] £ i | t r AftPomIXiAgNIHP AHBO GG FRIGHSRRRIC gy figide photocatalysts
£ RRNIQhd BYctaRPl¥in"\Watdr SadsbQioh QF 4R, AL, SuaeDID., b AL, 2005, .
rerm')vmarrbr ane p‘% ther nena‘qr alﬁye rse?gitoo?,_&\%her ein the dianeter supra)
An imgfersef diltratomompmbraas i psadnfor sepaceting the pgteble water Hegin the nano-
the dianeter of - eS :
souc B A Rl ROt TIRERA, S0 HERE it v
the mirobpheadsiiopassahdur filnered dmoughabe tienbrang o pedneate when suction force is
i rren%r\%ge filtration reactor with wastewater until the
applieqgothg {ilifation mem f¥faned. [056] In one exanple the
[061] PF OCe$he EdMpddRIonCTNRY in8MBraad dhdthe e f thd puresish thx indmbrane may
m cr o%her es into the menbrane reactor when further
vary oygrst widstrange, depeadingianghe partiguighremamnppts thatarctp be removed from
the wz{s?e%%'ieg.r Sudtd hbbrafes ta?%&@arlﬂuy subfirddal BEmbRhes. SRIMAGRembranes can
I'ncludes nunicipal, agricultural, industrial and
includotthese kiawds iofthervastt awhivwdich hre yeadeinamicrafilrationd ubfafiltration and
st ewat er n be t.reated, usi th roc
vanorE5bE 3P i S b S BL AR o G50 B B g001 w01

pm. Sethirémdbrafds@anbe nfde bOtera@goe polymesC) of about 20

/1. _I'n one exanple, the waste r '
[062] gt hoBxampples, ef pogfeners which are use\éya 0? ﬁllflrgggn Irrpentlbr}aenes are cellulose

acetate, polyamide, polysulphone, polypropylene, polytetrafluoroethylene (PTFE). Examples of

ceramics which are used for such filtration membranes are diatom earth, aluminium oxide,
titanium oxide, titanium dioxide or zinc oxide. In one non-limiting example of the present
invention, the membrane is made of ceramics, namely diatom earth of the MF type (Doulton,
USA).

[063] The TiO, microspheres can adsorb the contaminants from wastewater due to its

mesoporous structure. The particle size of the nano-structured microspheric titanium dioxide



present invention has already been treated to renove
trace organics or soluble organics fromthe

wolasewaser . WO 2008/ 076082 PCT/ SG2007/ 000436 rPABSGCOHED00436
If necessary, this process can conprise further m xing
of the m xture of Ti02 mcrospheres and wastewater to
achieve a uniformdistribution of the mcrospheres in
the wastewater. Fig. 6 illd8trates the possible setup

photoc@ialy’t T PRERAEI 6 Mrgihitah theemeibaneMpdie aspprevear clbgging or
the present invention. A good m xture of m crgspher es

irreverpiblch Cauliseoariora Gapais 1846 6 PBRIOFHAE T e gy membrane
surface %Gg tgy d} ﬁnl? UYhRAac I}Jeofﬂgﬁﬁ)%%eeéhg:ﬁoéreeéﬁsr%ee reR¥ining portion of

user cat ed at the om of the nenbrane
contanﬁmst (ﬁrom m&e]toltmpgw'nhmathe fidres of dreo8tation snemlbrang eWater to be

A T

retentiG HoRC RS Alalis ttife adRrptRADEUAhitint br thdeeduti@irim ther degree of NOM
water to form a suspension. Conbi nati on of wastewater
remova] oy reduetions iperragate Hayy ig alksér‘ﬁfiace before entering the

[064] menbrﬂ[ﬁ% ﬁ&hprt&hgé’iﬂlehﬁbd: icGn e QopPBd YandPER &¥kfbraded can be
e react 60] After mxing, the

backwashed-ts tremove rtlmal laymc pﬁsmmrmmrqspberm U cfptmfrdden the surface of the

filtra tugrg Wt al }/ S Iaem ane &pagtor Eb%n?lg nﬁyqraaf{eggfg%ﬂ@gﬁas%g step, a

tangenf\il ﬂﬁﬁliﬁ{gsﬁﬂl bd tdrried b@ﬂ’hnﬂ@ﬂ’ﬁl’ anfushsoutsthe ifner sedmaraft the diltration
t he potabl e water f{}ﬁﬂj m t he nano- structured
membfﬁﬂ%?’éfki?ﬁ‘é‘fqréhetmlcﬁl’ i oxi de phot ocat al yst

[065] SUS pepgd Qpent M1§M’841§£1d$ mSieio3phetéd Ban bbfed¥h&aRAPALPED process

is passed or filtered through the nmenbrane as perneate
(Fang, theBu, J2.Di. o004 al. QZQ(E suprap gerederes thetspentfadsarpent ji directed to a PCO

reactor, 38 1 1n(ﬁlc ed m¥ Igg fllée T-ﬁg $h {:ﬁ?zﬂ?ﬁés ?r(gng{rea gq}\mﬁma@ BS4 ﬁﬂld electron and

vary ovér a
hole chdrge cﬁﬁi’eg epausl ape pchdngedowithimetheaﬂtoitqrataa{st mm‘pmhemn fThese charge

that ar ed fro t he waste er., Suc .
carrierhfy BT MG $5hen (b dosHip AL QRied species on the
surfacd BT BhAD&Sal GRANNOMI6d bki@izbd a6@ bkdiend alelstériledibly tha@CO process A

which are used in mcrofiltration, uItraf|I atjon and
hydraulig mefentianrtime tsrpreydedeles theTegengisfian & regtopythe aé‘}?rpﬂon capacity of the

mlcrosgﬁe‘[ﬂ;r Wﬁ’}r oﬁ;c&t@@ tb%gé ?e_%ﬁ@rafeﬁ%@ro@ﬁhe@meﬂéz bﬁotgealalyﬁ‘ can than be

anes ceram cCcs oOr p0| yners.
rec1rc1i]_clzﬂ|6<2ﬂ>acE>toaﬂplmanhlﬁnquehqmmssshm ohFigre@ used for
Itr a
[066] pol y ai#ea é’r‘}ei{gn‘g SSBI'%} mem Ta)x}%' rfgt%%t oennée;nedt BES is a very efficient and

cost- eﬁféﬂt%&%&ﬂfoldg@rmetﬂw l‘@ﬁkﬁ/a( BTHE))M hxdbpdtesa ddom &mtemrm:n&mportant
which are used for such filtration nmenbrane
factor ghat dstermpines Hle eSPRRRSS Qi prpgess is the increase o% permeate flux in both

quality and quantity, and the extended membrane lifespan that could be achieved due to the
use of the TiO, microspheres which avoid membrane fouling. The permeate flux is enhanced by
factors of 1.5 when the microspheric titanium dioxide photocatalyst is added to the wastewater
as can be seen from Fig. 7. The permeate quality is improved as well as is illustrated by Fig. 8.

[067] In another aspect, the present invention is also directed to a method of

manufacturing a titanium oxide microsphere having photocatalytic property, having a size of



titani um oxide, titaniumdioxide or zinc oxide. In one
non-limting exanple of the present invention, the
woreebage2 i S made of ceramics, nanely di at om ep€T/RGTNNT/000436
the MF type (Doulton, USA). [063] The Ti 02
m crospheres can adsorb the contam nants from
wastewater due to its nesopgrous structure. The
particle size of the nano- stlfuctured micr ospheric
about 10 k@b UPoH 208 ipgeand HRYPoLHGE OB REWihGR Pt é /520 Grl 3 Gangt ®f about 2
photocatal yst is preferred to be larger than the
to aboy e A Bisgesthod PMIEGENt cl ogging or irreversible
| | i ) i nRi0hRe@ES Wish ad &lcohol without
fyg&%ggﬁ-g?ﬁgyHngxﬁ‘gér/gﬁg}gggélﬁggceggaue tg suction force
atadding H€hybr ane whi ch prevents the remmi ning portion
of .cotﬂtarp nants fromwater to trap within the pores
"of Me"FFtrati on menbrane. Water to be treated is
. CoRfxinpuhe aged sohwith titmash oxidopdwdert ank and conti nued
until predeterm ned hydraulic .retention tinme to reach
-t hPrayinedhe migHredy o e FitaE Ot PHoURaATYSh TR PRRSS:
_de(glq&gngfhel}m(,s%@myal or reduction in perneate flow
I's observed. [064] At this point, the perneation can
[068] be stBppewsisting ofids meatsringleding mnd dimijsd dpaskaiengr fllows the phrase
" . enMove 4 he of , AR / :
consi{ifg 8F G TS thFhsel ool of; LAG LR Eh of BicAB arFequired or
mandatoeyiland dat he atieoeleméus magbapatsanr. aft er t he backwashi ng
step,.,a tangential flushing can be.carried out in
[069] o der It BRqthegsaspest theHCSeRh 8‘8’ Ry gc%"eéedt fe? fsluf’rfl?r&?(li Gppmbrane
reactor RWRieR ShARAnfubE OXi8E niib@spHefes ¥TRHE paSent [iGmliod hee mpedtwith the
titani um di oxi de m crospheres can be regenerated via
wastewa@@ckga@@elgghe TR PIOT which guﬁ’es the B_ro’ce%stof the presgghigvention.
supr ay,. e : n r sidi f&C xide
10701 2 Bogh aAIBCHIES: TPRAPR i BRRA RATS Gde! ARChE Gubflm o
photocptabysooedrasphstes icd the prosentddvdmion)for ppgration o8 submprged membrane
el ectron and hole charge carrier pairs are produced
reactolyi t hi n t he phot ocat al yst ni crospheres. These charge
[071] car I i ByS'cbiphsigT ft Gf Meant idetuiiap,/ berdhat tlintired( tog dkhatever follows the

reactions wth the adsorbed specigs on th ur.f ace ,of
word SRBPHERE al HE. U e e (RoPwESRa] M f?‘a‘ §ﬂf’é‘~°‘?e%_ clements are
requiredldt dniABH, BYt thit®HRPEleReMS @RSoptiOnal AiE kY lok fal AbESY fréfent.

tine I's provided for the regeneration to restore the .
[072] adsor Bh¢ anvepugnscillugirasivelyndescriied kesgin apay: suifably be practiced in the

hgt ocat al t ed: mi.c. i c.cTi . .

e85 b Ny SRR o0 B T s i
Thus, ferzkangle) @i ttémsatcostpoising!, n"ifclgding’, [o06@]niAgie etc. shall be read

i.nt egr at ed syst em. of nbrane filtratign and .PCO s a .
expansiy, Spf PO LmaAEn. BB BCT JEPE R BIgg T eplged herein
have be&E¢alas BfrmN AV dadRepha LRy dod of lidifatiér, @hd tHdfe isMoahteatién in the use

of such terms and expressions of excluding any equivalents of the features shown and described

or portions thereof, but it is recognized that various modifications are possible within the scope of
the invention claimed. Thus, it should be understood that although the present invention has been
specifically disclosed by preferred embodiments and optional features, modification and variation
of the inventions embodied therein herein disclosed may be resorted to by those skilled in the art,

and that such modifications and variations are considered to be within the scope of this invention.



factor that determnes the econonics of this process
is the increase of perneate flux in both quality and
wa@asnrdoyz and the extended nenbrane |ifespan PEBEBG2007/000436
coul d be achieved due to the wuse of the Ti02
m cr ospheres whi ch avoid nenbrane fouling. The
perneate flux is enhanced by factors of 1.5 when the
m crospheric titani um di oxi dé phot ocat al yst i s added
[073]to t hf}'hé’\@ﬁleﬁﬂ\ﬂil i Bfis bé Q@Bribégl b@adlyf andngdnegcally. heFéia. Each of the
pernmeate quality is inproved as well as .is.i]lustrated
narrowgy sgectgs amyl subgessTiT groupaiesialling wathwthe gengac gissloae also form part of
the in\}eHM&FtTh%‘r]inblﬁdt?sl R0 ghdrRARifton @R F9EhtR with a proviso or negative
manut acturing a titani um oxi de m crosphere having
limitatipnotmoeinglayy Fubjest opdet fromihe genysaregirdlessodf wigther or not the excised
.2008/ 0.76082 PCT/,SG2007/ 000436 17 about 10 gmto about
mate“édf)s%cg'ﬁgﬁyare@g’%?%us structure with a pore size in a
[074] r ange Oifer abBodiments tafe @&hhintthd bllomingldlaimsrmad hogHimiting examples. In
_.conprises: preparing a sol by m xing, an. '
additiogy YARRSFEITBICF OF atAcpta M b PIVERifnsBF dieripeip termp b Markush groups,
those éﬁlfehqwthe ROHINGcsHFe thAThO thvbRfonSOhiso tHEreby W sdribed 0 Rems of any
sol wth titanium oxi de powder; spraying the m xture

individug! membertom eubigrquprafumanebersief thihMadaish g1oyBt i cr ospheres;
calcining the mcrospheres. [068] By "consisting of'
is nmeant including, and Iimted to, whatever foll ows
the phrase "consisting @xamplsus, the phrase

"consi sting of' | jcates that the listed elenents are
[075] r equi rl\gﬁl'“dgct“ﬁ"a rYICresRle®hat no ot her el ements may

[076] D€ Pr §58Rbn-1iAGR exlathpB X the preemiafdentibil@hP E@ti@R ol is prepared by
invention is directed to a submarged menbrane re

dissolying G ireh oF &2 ANPGRS THOGK Holph BRGS0 omHMerck in 5.2 mL of
absolugﬁraZ%ﬁgg(qP??b?ﬁgh?,rbb@'i&dr%ﬁ %&Matﬁ um Y5 56MR ¥6ned as component

eact or | Ch utilizes the process
A undef vigoerops esiging. Duvieg tthis rprodess QiH li menisoried rand kspt prouph@ by the

..present invention refers.to th f titani 0Xi
s PSSR PR AF10E, Bl ST 18 24 b
by leaféihlg i0 ARNatih ANseafed ebosild befogre turthieimsaa then rta commerdid 7TiD, powder
_ y "conprising” it _is gregnt jncluding, t not Ijmte
(anatageo™ Mimtstfate M6t Mol ®hé - ARt &WS@gﬁﬁgfs Sﬁg‘m it ‘LH b%j)eg“ssa’
Germa(ﬁp if D& AL HpGRIP B! sHdNFixed RHHCRhPIndit & atl Jf()\{f('le?.ts&dfatio of 5:1 by
~efements are required or nandatory, but that other o
weightetodimem o sluanye Thyst the shirryzs guhinie @spramgryanicapasity 168 mi/h) with inlet
. %w2] The inventiqns~i{ | ust [ y [i '
air at kggy%]s[ajrll g\bt,eg ageatt Sreac?'l %efé%isﬁpd&h&e{'%r, thgeﬁ62 pgﬁféleg ea':ggllegate to form
semisolid microspheres. Finally the semisolid microspheres are calcined at higher temperature of
450 °C for 3 h to form solid TiO, microspheres No water or any additive has been used in the

preparation of these TiO, microspheres.

[077] Characterization of TiO; microspheres

[078] Humic acid (HA) used in this study is obtained from Fluka Chemical. Humic acids
in water are harmful compounds with a complex naﬁ1re composed of carboxylic, phenolic and
carbonyl functional groups. These substances cause a brown-yellow color in water and are known

to be the precursor of carcinogenic halogenated compounds formed during the chlorination



absence of any elenent or elenents, limtation or
[imtations, not specifically disclosed herein. Thus,

wo ooosex@spl e, the terns "conprising”, "includipPgl/$G2007/000436
"containing", etc. shall be read expansively and
without Iimtation. Additionally, the terns and
expressi ons enpl oyed herein have been used as terns
of description and not of |l%itation, and there is no

dlslnfeétﬁytn%?tdhﬁﬁng Rvatdn €A USRentedteSH AN oluioNTs ﬁl@dprep(diécﬁs}smmrig dErams of
excl ud Inng' equi val ents of the features sho
3]

HA andi3@ey phb Hp@ epprexEsaiehy -4 ditres pfjpurp wateg fora ﬁ|3£’é’amu‘es with

a magng]éagt e@rmgﬁ <o e{e fﬁifc@ e lfiti &P%é @hﬁed’\iotfl h 4 t@umemc flask.
el tion c alneé hus, 1t should be

The solunohe ms Gitiered Itiabugi 4 6d%igin mbmbrane ﬁhm Theenedngenteses solution was

e RS, TR BE P G SRRy ating

the cofdeftrdté @6lution STITpHAbfethet ddRitRNNWhEE bdjustedlibyCHOE @afd MNyOH with a
be resorted to by those skilled in the art, and that

calibrateghgH meleN- f | cat i ons and variations are considered to be

079] W thipide GosBies afll Ssed FOLRMet Rith QSRS OTARS2 acid, at fixed

[079] PCT/ggé g§?8ﬁ94365g?8 [0$3?¥$he |nventfon has beenaCI e

transmeielsrend imedsubﬂso(adl Mpan dhe bward asad isyprepared #f. 208n cericeptation, with

ewe sub ro
50 ppnwat{% E 3B é)ikgl?ﬂ)l%sugfone cg)%lﬁr eé §,|1th c#igdrumﬁ]ag%vaeﬁéilt l:l#trlg‘f %Ok is used in
the mehil?\/:ﬁlﬁtﬁlﬁﬁtlonTEtuSy i Tl fildesort iadgenedrried desasingtileis@le membrane
ot e_inventl nwth.a OVISO or. negative limtat.i
fltratiopgt, FHgUsh Py AP ROkt A PR PHP GG PPl P agpe. The
ﬂowrat@fﬂlyipff%pﬁfe RIm&) bl PHENkd f@fheatdBhe Tée) id fcorded every 15 mins for
ecitically reC|ted herein. [074] O her enbodi
the firsthourve Yty AOhias frofbe G9ond hepmandsevahtonsorur iffiem ?hﬁghlrd hour til the
o TRy oGO0 05 8 S PR ik on
penneagifsdlmsthrouglhﬂ)mnﬁakanlel Saahples af Ipenmate axk hlso relbrotpdidpang thgtoperation.

he on sbIRSIA SR Bk BB AR SNSSEN A Pt (s ambda pio
20 spedtRiphbhettr Ot atisydaidecs 40D hAb]s ddisetddafor Yuamtiedtivéiadalysis of color.
m crospheres [076] In a non-limting npl e of t

e
Figure §rshewpthe gromhieal e)lllvstrwf@ ookt pergpeatsi R, ﬁf%gﬁ'éfdmsv rane filtration
issolving 6.8 nL of tetra-n- butyl orthotitanate
Ti (OCAH9) 4], obtained from Merck in 58.2 niL of
[080] absol APEitesioh @hm@d‘,lelsﬂlel,’_bmﬂ)aaredbft pliatecatal ytisracHyitik af nano-structured
TiO, n\}erg%gxfrgﬁ g% ﬁ%%)g)?e%ant ernlg(r)]n %(? Em%%g}éf’ﬁfﬁhqﬁnﬁé}qﬁé same c0é1d1t10ns
Phenolq@ghl@fal gadowith 3nkimt1hhébncéldﬂlltlbn©lﬁ 166 p@nﬁwnﬂ_clufsen as the targeted

concentrated, hy drochlorlc aci d iS a
compoye} ThE cheise e tis SHBEPUN W5 ELpIIGH (e febhel hnel el exhibits
weak aQQ(;rHl(ﬁl Qx?fl'%zepefr%leg‘ PCo/'sBdy 1 @RriddsutGa ﬁﬂﬁéal -PC@Zreactor The
anatase = 70% surface area = 50 m2

uv lamp y@deu; a vzeress@@mﬁw)lrysWdﬁmEdT W“@gge@@gon of the UV lamp is 253.7

nm. An air pump is used to supply oxygen and create air bubbles for suspensions. TiO;

proces

microsphere is suspended in 1000 mL phenol solution in dark for 0.5 hours to attain well mixed
condition before the PCO study set off. Samples are taken at different time intervals after UV
light has been turned on. All samples are filtered through 0.45 pm membrane filters prior to the

analysis.



Germany is used as conponent B and m xed with
conponent A at a powder:sol ratio of 5:1 by weight to
wo oo0osi02608t urry. Then the slurry is put into a BEI/Sg2007/000436
dryer (capacity 1500 m/h) with inlet air at 30 C
and outlet air at 30 C. In the spray dryer, the Ti 02
particles aggregate to form_sem solid m crospheres.
Finally the sem solid nicro§@heres are cal ci ned at
[081] hi gheFigt 8 IRGISEhY r&ulé of hisCxpérithent. IﬁgJ‘S ﬁhbv&fsahemi@hdadon of phenol

Ti 02 m crospheres No water or any additive ha
as a fupstion phthe hadigfonpine et BH Toflt ?q&é)aeeobff?@‘s f&s‘iﬂwﬁégon of phenol
followh@y l:x H%dyﬁigﬁg OBk st %aH%&%Qﬁ“%@fo%ﬁaiy@t?% carried out as a

acl In this study is obtainéd from
backgrehnrk cheCheftb@u [40%Hofplenalcis dlsgraded &P rameofHéthghF irradiation with

th a nature ¢
the ab?&%%ﬁ@‘ﬁ Sré&ﬂ 2 PYRERY (ﬂ%er(? ﬁﬁe prf%er%énﬁfﬁtr%q’unc i ona‘f&ll Sgﬁoc psY is greatly
enhancEd 88l&nSH TiENEEGoPhtieof ahd pryvent Ydlchtion soddded iinto b m‘lutlons The

e T 2 B 1 BLEEUT 501 PRI o i
" micros rgqg%@%@&% Rkt 00 ?é&i@@l@?’@t 151@0\/‘{’61}%' b tHel PIO,Ohicrospheres

rinking water. A concentrated HA solution is first
possespadotierahotogatalysis nefivityghamB2 HTi0:Ho shrivsibe igitigl copcqpration in Fig.
5 NaOH in approximately 1.5 litres of pure water for at
" least 30 mnutes with a magnetic stirrer. \Wen _
conpletely m xed, the solution was diluted to 2 1 in a
volunetric flask. The solution was filtered through a
0.45 gm nenbrane filter. The HA concentrated sol ution
was refrigerated and used as needed. The
concentrations of HA in this study were obtained by
diluting the concentrated solution. The pH of. the
sol ution was adjusted by HO and NaOH with a
calibrated pH neter. [079] Different Ti 02 dosages are
used together with this solution of hum c acid, at
fixed transnmenbrane pressures (0.3 Moa). The hum c
acid is prepared at 20 ppm concentration, with 50 ppm
of Cat+, at a pH of 7. Polysulfone nmenbrane with
nol ecul ar wei ght cut-off 50k is used in the nmenbrane
filtration study. The filtration study is carried out
using a |l ab-scale nenbrane filtration unit supplied
by Nitto Denko with a nmaxi mum operating pressure at
0.6 Mpa. The flowate, flux (for the perneate) and pH
(the perneate and feed) is recorded every 15 mns for
the first hour, every 30 mns in the second hour and
every one hour fromthe third hour till the fifth
hour. Figure 7 shows the graphical illustration of the
effect of titaniumdioxide particles on perneates
flux through a nenbrane. Sanples of perneate are al so
coll ected during the operation. The optica
absorption spectrumon the HA is determ ned by a
~ Perkin Elmer (USA) Lanmbda Bio



20 spectrophotoneter. The absorbance at 400 nmis
sel ected for quantitative analysis of color. Figure 8
we basm7doke graphical illustration of the permeRtESG2007/000436

qual ity during the nmenbrane filtration process. [080]

A PCOtest is carried out to conpare the

photocatal ytic activity of nano-structured Ti02

m crospheres of the present 2lhvention and commerci al

P25 Ti 02 under the sane guxdM$ons. Phenol

(anal ytical grade) with an initial concentration of

100 ppm was chosen as the targeted conpound. The

ﬂ P bxidP 'nﬁc&%%u%o@tai {c8fofYrytan8 hhiak atsi@tof about
norma exhi bits ™ 'weak adsorption on TiO

pi@rum ¢ gwut mmrstaadiy NiESORUPYS Y CHIR Wlth a@O@;ﬁmeﬂa girange of about 2

PR S000 vt s kET et SR ale el v R RO R

253. 7 préiﬁhn%ﬁ s8l by piRiAgiad dig@dnictallidifiphiinDpieg@sorawith an alcohol
create air bubbles for suspensions. Ti02 mcrosphere

i's sué\ﬂ@\‘?ﬂ@ﬂ ing 890 ni phenol solution in dark for

Q ttain well mxed condition before the
PCO s%g{:ri%sélgtsgléff Sanpl es are taken at different tine
ient er \ngikimgahidaged #dl withgitinidm sxidepnwtlers ned on. Al |

sanpl es are flltered t hrough 0.45 m rﬁ_‘lorane filters
d¥ior sp@y{ngéal éxﬂéqu% gor%uég@gyugyg)ggp otocatalyst rmcrospheres

RCT/ SR sq%ﬁﬁ:rosggerLSOS:L] Fig. 5 shows the results
of this experi ment . 5 shows the degradation of
phenol as a functlon of the irradiation tlms at pH 7.

bserve t hat the de adat
PO RE BT GO LG S TPl PO hading o corays
(talesia BslfoOinitiaking deataatiys bétheSn @id pre@dsarand 8sid alcohol.
background check. About 40% of phenol is degraded
after 60 min of UV light irradiation with the absence
oA hrh%lu-ﬁ') 02xidk ChR&BieR ccdlfgPr8s Mimi NV et 10N withdgt adding
renmoval efficiency i's greatly “enhanced when the Ti 02
riotyettsanghyeolop saideolor esent invention is added into the
solutions. The renoval efficiency after 60 mn W
light irradiation is 60% and 70% for P25 Ti 02 and Ti 02
A ctitaxsipine beide fmicivsphpre secdrdingvienany of adaspektto vl yithout adding
IS obvjoys that the Ti02 m crospheres possess a
E&P?'&*il‘b%ﬁeég%‘%“aﬂoy?weﬁaﬁaiﬂc?@ than P25 Ti 02. Co shows
the initial concentration in Fig. 5. WD 2008/ 076082
PCT/ S&007/ 000436 21 CLAIM5S 1. A titaniumoxid
h ditan evidenairrorghesh Geeeding 19 By of s tlytoah havhezsi e ratio of

ahtgﬂlﬁrﬁ o?éan?cqgwursor to alcohol is about 1 to between about 4 to 100 mol.

A titanium oxide microsphere according to claim 5, wherein the ratio of titanium organic

precursor to alcohol is about 1 to between about 40 to 60 mol.

A titanium oxide microsphere according to any of claims 1 to 6, wherein said organic

precursor is a titanium alkoxide.



10.

11.

12.

13.

14.

15.

16.

10 mto about 200 gm and a nesoporous structure with a
pore size in a range of about 2 to about 50 nm

wob@serqgssai d m crosphere i s obtained by a proReEsG2007/000436

conprising: preparing a sol by mxing an

organonetal lic titanium precursor with an al coho
W t hout adding H2Q  aging said sol; mxing said aged

sol with titanium oxide pom&%r; spraying said m xture
0 titaiuih DRI thickaphdienaoordifg b @la@f I, abhesdin said titanium alkoxide is
m cr ospher es; cal cining said mcrospheres.. 2. ﬁ ) .
iseleetad Gronb thederonp cppuisingrel Warpmgmagoxige,ciitapiymy ethoxide, titanium
f. : qﬂgﬁ' [ [ - He tO said sol for
f%&%ﬁ?&?ﬁg tlgéle%g??%ﬁﬂgggﬁggﬁgﬂggg&precursor and
said alcohol. 3. A titanium oxide m crosphere

ccording to claiml or 2, wWthout di . . . .
B0 Rty Raid) GiBrePhare Shsofeighld Y ok ¢ pifeding slsimg, wherein said
mloheiSip Relege@ GoaT the pgoupOcoaBiyti oftéthansh, rethanoB, isopirdfacel; butanol
addi ng anphipilic three-block copolynmer to said sol.

znd propeRedni um oxi de m crosphere according to any of

claims 1 to 4, wherein the ratio of titanium organic
precursor to alcohol is about 1 to between about 4 to . .
1#0Gitamiim ogideAmicrasphdre reeptdide teriany @8 phe precedieg chimgy wherein said

LB 3518 B hFobELhsfte b AERAR B R os ig

60 nol. 7. A titanium oxide mcrosphere according to

O B ae e e DS c RS S8 et

RET a2 @@ 8P MO P435boudd. 8. A titani um oxide m crosphere

according to claim7, wherein said titanium al koxi de
is selected fromthe group consisting of titanium

%ttll"(]a(?u)ﬂnq xide! P gﬂérgt @&fﬂiiﬁgzto Lh{ rdcediig QRARHS, Afherein said
tltanlun1propOX|3 an& titani um butoxi de. 9.7 A

taigingris cammiekouwd domit deassddHeuss. accor ding to any of the
precedi ng clains, wherein said alcohol is selected
fromthe group consisting of ethanol, nethanol,

i £ QidroRARlide RMidrésphbre RBskdgoPadi of 1. précedirgaclhinm wherein for
oxi de m crosphere according.to an SL t he precedi.ng . id
emams?al%é?@_ pof with ditanivgp 4 1_“?"53‘%_ ® e ROt ﬁ’gm_ tium  oxide
HoRdEr o A8ed Sl i EeREenBBEACOr: i@ acid and nitric acid.

A titanium oxide microsphere according to claim 13, wherein the weight ratio is about

1:5.

A titanium oxide microsphere according to any of the preceding claims, wherein said

microspheres are dried overnight at a temperature from about 50 to about 150 °C after

spraying.

A titanium oxide microsphere according to any of the preceding claims, wherein said

calcination is carried out at a temperature of about 400 °C to about 600 °C.



17.

18.

19.

20.

21.

22.

23.

11. A titanium oxide mcrosphere according to any of
the preceding clains, wherein the pHis in a range of

WQRWaN76082 0 about 4. 12. A titani um oxi de m crBGPRGRO7/000436

according to any of the preceding clains, wherein said
aging is carried out for at l|least 24 hours. 13. A
titanium oxi de m crosphere according to any of the
precedi ng cl ai ms, wherein f&f mixi ng sai d aged sol
VA tifanfiint dRidéNicidspleer aveteding e angioghlie patédingtlaims, wherein said
titani um oxi de Powder to gr?led sol is between about
Falginagonyis parried gut far abquy At 4PBWS-de ni crospher e
according to claim 13, wherein the weight ratio is
about 1:5. 15. A titanium oxide m crosphere according .
t40 titamjurnfoxideemjsresphett rageartlimg g, anyhef &k rprecgilipg claims, wherein the
m crospheres ar.e dri.ed.qv i ght. at te r-enfar om
Bt B HeonE o B RGT ahi o fuc RRREHRYH € o5
titani um oxi de m crosphere according to any of the
pr ecedi n% | ai s, wherein sai q) catl&ci nation is.carrie
FhiProSess PTCSAHEE AW alsT I SIFMORS Bt sacier sHisTeEn sjpprocess
%QQI%Q%G%Z PCT/ SG2007/ 000436 23 17. A titanium oxide
m crosphere according to any of the preceding clains, )
wher einfixingitithniura bxide ati¢rosphicrss eenordingitocany of #re prpesdingzlaims with
to 6 hours. 18.. A.titanium.oxide m.cr re according
to any’ aS?Wf’WEWB'chéset ibﬁ 3’ ¢ egilnnasfne%mé%g?%e{&ﬁ’e
loNt er GAliéHA@Ishid NAixRAE GreatedCinOdasd hickibranenfildtibm eeactor through said
titani um oxi de m crospheres js O. :f 19. A g{]gcess of .
cl eanifiigptinasnembiaas of said membrags dilration, rgagter, by @pRlyglg a suction
wher eigh S e Eftﬁﬁgﬁ FhembPHR 0f SEF memBlank Péhctor,valbréifllthe diameter of
oxi de m crospheres according to any of the preceding
cl ai meaidi rhierosplees¢scinegreater\tharc theidsameternef the parce @fjthe membrane, to
menbrane reactor: filterin ' ] ' )
ol d EALH e el o aler RSB SyleE L HRbRthehfbranc; and
fo | t 1 @bhtuinEEReRIiI A QidmemBt e fitrdtioa feaclor Withatdsewater.
reactor by applying a suction force at the filtration
menbrane of said nmenbrane reactor, wherein the

' ' ' h i 1Si ifpamotd @itanjum oxide
CHATBbSs Gheo B ER 0N TR Sngmk et i o
Imigmrsplgiesninte osidhmembrapn repstors whemdorthdr wastevater is fed into said
filtrat if?lnal rrbr&(r;re; and continuing feeding said

rf%%l?rﬁ?}ee AHYHERTO reactor with wast ewat er.

The process according to claim 19 or 20, comprising further mixing of said mixture in

said reactor.

The process according to claim any of claims 19 to 21, further comprising the step of

backwashing said membrane.

The process according to claim any of claims 19 to 22, further comprising the step of

ultrasonic cleaning using an ultrasonic transducer.



24.

25.

26.

27.

28.

29.

30.

31.

32.

20. The process according to claim 19, further
conprising adding nore titani um oxide m crospheres

WO ndo8/03aB8zl menbr ane reactor when further wast eRel/f6G2600%000436

fed into said nenbrane filtration reactor. 21. The

process according to claim119 or 20, conprising

further mxing of said mxture in said reactor. 22.

The process according to cl &*m any of claims 19 to 21,

el f16¢esS QEBBFdiRd ROCIhinE 23 e R3 OfurthBrREd Rkt MEngaAtial flushing of said

menbrane. 23. e process according to claimany of

ohembranel® tho s tie pr plkar ag bpagirang ok gwt fiepsgelepedto in claim 21 or 22
| trasoni.c cl eaning using an ultrasonic transducer. WO

JB0BF Bt MR s&007/ 000436 24 24, The process

according to claim22 or 23, further conprising

tangential flushing of. said.  negprane at the sane tine .
Fhesrpes spcordizto Kt shitnnto B Sy appfSpd FEndiudlh of said
GhRid¥pKetes?r 22 has been carried out. 25. The process
according to any of clainms 19 to 24, further

conprising regeneration of said mcrospheres. 26. The
pfh%éﬁéc?es?&c%gquﬁgg Jleﬁmoi S \Refeth sa\M] ?ég@h&atﬁﬁ' id carried out using a PCO
regeneration 1s carried out using PCO process. 27.

Treceps.ocess according to claim?25 or 26, further

conprising feeding that nenbrane filtration reactor

with said regenerated m crospheres. 28. The process
aHeOpratdg a'bébraﬁ% tof cl&ila R Sreor 1B, tf@rther ,condpeisiap Mfeakmgl that membrane

wastewater is characterized by having a TOC of 20
rfgjrptiomrgactorjithysaidt rrgeneatehmifrosgheIes-any of claims 19 to

28, wherein said nenbrane material is selected from

the group consisting of ceram cs and polyners. 30. The
pileqeesssaacomnitigty any obelgimsf1 9ap 37 nehereintsaid Mpsteyyaier & haracterized
ai,d ne e S pore dianeter in a range of about
)88%"?3’ . 06%?H§?2 A submerged nmenbrane reactor in

whi ch the titani um oxide m crospheres according to

any of clainms. 1 to 18 are . m xed wfh the waste er L
TR RO TR AR —
r &feBlcl ¢dnt Be 'gﬂ)uﬁ R¥n@dting loR béFBmid ah@pSlPme2. Use of

e

titani um oxi m crospheres according to any of claim
1 to 18 for operation of a

The process according to any of claims 19 to 29, wherein said membrane has a pore’

diameter in a range of about 0.001 to 0.1 pm.

A submerged membrane reactor in which the titanium oxide microspheres according to
any of claims 1 to 18 are mixed with the wastewater cleaned in said reactor or which

utilizes the process referred to in any of claims 19 to 30.

Use of titanium oxide microspheres according to any of claim 1 to 18 for operation of a

submerged membrane reactor.



33.

subnmer ged nenbrane reactor. W 2008/ 076082
PCT/ S&007/ 000436 25 33. A nethod of manufacturing a

wo 2dognrdes2 oxi de m crosphere havi ng phot ocat al yPET/SG2007/000436
property and having a size of about 10 mto about 200
m and a nmesoporous structure with a pore size in a
range of about 2 to about 50 nm wherein said nethod
conprises: preparing a sol 2By mi xi ng an

N GRIeIRF %ahhﬁc&hh@ﬁ'tiﬁﬁuﬂﬁ Q%ide Sﬂ&roﬁf)ﬂeﬁ’é Rdvirgd sioliedatalytic property
wi t hout addlg'f?ﬁ O aging said sol; mxing said aged

ofl havinga sire efibant Ukimdo prsuief? umgpd aqusgpcgawtw%fw@ a pore
ts% 119 5 F%\g@bfjabtou f‘fq &H&Pgﬁ ﬂﬁ \x}‘ﬁgféﬁrp&ﬁf ﬁlet}'xéttl comprises:

mc res Cl ni ng sal m Crosp er es.

° preparing a sol by mixing an organometallic titanium precursor with an alcohol
without adding H,O;

. aging said sol;

. mixing said aged sol with titanium oxide powder;

° spraying said mixture to form said titanium oxide photocatalyst microspheres;

° calcining said microspheres.



