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[0003] However, conventional processes for producing such a solution

have some drawbacks, some of which are discussed in U.S. patent number
6,602,918 to Ichinose (hereinafter referred to as “Ichinose”), issued August 5,
2003. Ichinose discloses a process to address a common problem of other
conventional processes — excessive heat is generated during formation of
PTC and TiO, particles, as the chemical reactions in the formation process
are very exothermic. The excessive heat causes condensation and
precipitation, and thus reduced transparency of the resulting PTC solution.
Ichinose discloses a three-step process to reduce condensation and
precipitation. In the first step, a titanium-containing compound is reacted with
hydrogen peroxide (H20) to form a peroxo complex in a solution, and a basic
substance is subsequently added to the solution to form a peroxotitanium
hydrate polymer, which precipitates in the solution. In the second step,
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substances are renoved fromthe solution to separate
themfromthe precipitate. For sufficient renoval,
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these cases, it is desirable to produce photocatalytic PTC materials, such as
TiO2 particles containing PTC or coatings, without extensive heating.

SUMMARY OF THE INVENTION

[0006] It has been found that a stable, transparent solution containing TiO-
particles can be prepared as follows. Hydrous titanium oxide (HTO) and
hydrogen peroxide (H20,) are reacted in a solution, in the presence of a
volatile base catalyst, such as an ammonium-generating base. Peroxo-
titanium-complex (PTC) will form as a result of the reaction. The catalyst is
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[ﬂppﬁbut Thei preduehgnlutien, @venonith gpdo & W% FWFC ¢onsentsation, can
5 5B U T RAIBL R ha i iFbh Ao ufpu,
stlgmflparﬁstmtd)r chareye ooprecipitatien. As tips oslatizdcatalyst bald bef

VR0 ee Paetion g NG edmblicdlErigh rmecuatterbnigues
SLI¢h3a§i@|nUé>thfzhngkarre§fh% c@ét@%%?@dd&uoﬂ ouH Bé régudarge
catalyst, to forma PTC, dil uting the solution by a

f at_least 2, resulting in a diluted: solution
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factor of at least 2, resulting in a diluted solution comprising PTC; and
removing a portion of the volatile catalyst, by evaporation, from the diluted
solution to form particles comprising titanium dioxide and PTC adsorbed to
the particles, after which the diluted solution has a pH of about 7 and is
transparent. A pH of about 7 may be from 5.5 to 8.5 or from 6.5 to 7.5. The
particles in the solution may have a zeta potential of -60 to -80 mV. The
particles may have patrticle sizes from 10 nm to 25 nm. The particles may
have a concentration higher than 4 wt%, such as from 6 to 8 wt%. The
solution may be agitated during reaction and removal of the catalyst. The

catalyst may be a weak base. The weak base may be selected from
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me)/baslc substance and the concentrated solution may comprise 15 to 30
wt% of the basic substance. The precipitate may be washed with deionized
water. The Ti(lV) source may be a titanium salt selected from titanium
tetrachloride (TiCls), titanium tetrafluoride (TiF,), titanium sulphate (TiOSQy,),
titanium tetranitrate (Ti(NOz3)4), and alkoxy titanium (Ti(OR),). For example,

the titanium salt may be TiCla.

[0009] In accordance with another aspect of the present invention, there is
provided a solution prepared according to the method described in the
preceding paragraph. The solution comprises titanium dioxide particles that
comprise titanium dioxide and PTC adsorbed thereto. The particles in the
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following description of specific enbodi nents of the
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fi gUrBRIEF DESCRIPTION OF THE DRAWINGS

[0012] In the figures, which illustrate, by way of example only,
embodiments of the present invention,

[0013] FIG. 1 shows a scheme for the chemical reaction between Ti(lV)
and hydrogen peroxide;

[0014] FIG. 2 shows exemplary peroxo-titanium complexes formed at

different pH values;

[0015] FIG. 3 is a flowchart for a process of preparing PTC particles in a

solution, exemplary of an embodiment of the present invention;
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present invention, hydrous titanium oxide (HTO and
1Bpeeshely@ibxi de (H202) are reacted in a sol ution,

[0022] FIGS. 12 and 13 are transmission electron microscopy (TEM)
images obtained from PTC particles before and after hydrothermal treatment,

respectively.

DETAILED DESCRIPTION

[0023] In an exemplary embodiment of the present invention, hydrous
titanium oxide (HTO) and hydrogen peroxide (H,O,) are reacted in a solution,
such as an aqueous solution, and in the presence of a volatile base catalyst to
form peroxo-titanium complexes (PTC). Without being limited to any
particular theory, it is expected that the reactions in the solution may include
the reaction (R1) shown in FIG. 1. Reaction R1 may be catalyzed by an
alkaline, or base, catalyst such as ammonium hydroxide or amine. The
reaction products of reaction R1 include PTC, such as the monomer shown in
FIG. 2, which may subsequently form PTC polymers, and TiO, particles with
PTC adsorbed to TiO; core (referred to herein as PTC particles).
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to the TiQ2 cores. As such, the particles
can be increased by removing the volatile catalyst through evaporation.
[0025] The volatile catalyst may be any suitable catalyst. In one
embodiment, the catalyst is one that can generate an ammonium in the
solution. The term “ammonium” may refer to a polyatomic cation in the form of
NH,*. Thus, ammonium may also refer to a protonated substituted amine, or
a quaternary ammonium cation in the form of NR,*. The catalyst may be a
weak base such as ammonia or amine. In a different embodiment, the catalyst
may be another suitable volatile weak base or alkaline. A weak base is a

base that does not convert fully into hydroxide ions in water. Weak acids and
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aiine inksemitis Mot agcessay to somplojchkremeve the weak besger its
. . )

SEnRIgRe acii iyl ¥e SHRBOR A the palliis ardfoRfe. For
eagmphs,, the poederas diamovonitim arraenige véll abt yauss significant re-
suitabl e as_the catal yst, because they can adversely

SPMRNatQNeHRtdt ocat al yti c properties of the resulting

product. For instance, Na' can cause re-combi nation

go02710t caeneEaLRA ifl theldxeftplaibroBed@® S100/8hown in FIG. 3, an
significantly reduce the photocatal ytic reactivit

f
BREforifade gmasies of HTIO may be peepasedat #7102 and .camlu%i/@%n,
EORRAN T, R0 B3 ARTRRLIHEY B bR A3 H0F e

0 conp e we base
preparatios ohHlI§hard doe doludibn avill beatesichibed dlintheérdvelaivt €he HTO

th il f d. I t

b Safbla e e 87 Tno K- cRiaBRia s, ati oy dhe

solionas centirefdueet agitdted Guchsas dtlriet toadigsolvd theBITO. The
xenmpl ary procedure 5100 shown in FIG 3, an

& 5iv e addad slawlyfo ayeidexcassiverrepstieiy haat baing gessaated

SuBly S, A6aPiAL PLES BOZAB Lok Ak el o

PI€ solution aftentHd addedi BFE hhe thetnrdisenivdabhiay. beThlbol{ o 3.

[0028] The PTC solution is next diluted with deionized water at $108. It
has been found that, surprisingly, dilution by a sufficient factor can reduce or
limit polymerization and condensation thus limit the growth of the PTC
particles in size. It is found that the product PTC solution is stable over a long
period of time, such as over a year, when the solution is diluted by a factor of
at least 2 before the partial removal of the catalyst, which will be described
below. Even when the diluted solution is re-concentrated, the solution remains
stable. The deionized water may have a temperature between 5 °C and the
room temperature.
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catal yst at 5106. The solution is conti nuohéi}g G 20077 000229
agitated such as stirred to dissolve the HTO The HTO

may be added slowly to avoi d excessive reaction heat

bei ng generated quickly and to allow the HTO to

ERAT P PR st Ay i e (R FretbOGt2 i T0Ran pee
éﬁfﬂdkllrﬁehp e dlll[lﬁ&?%]ctJMﬂang fﬁ?hlﬁ’dooﬂi 113 dh%’fﬁerqémb'écﬁﬁlent

wi th deioni zed water at has been found t
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Dautieh thatslighty miceshirs theTsH e the s6lotibs, sichbhLfreMearcaind 2 to
| ong eriod of tinme, such as over a year, when the

3AUNG Bn is diluted by a factor of at least 2 before
the partial renoval of the catal yst, which will be

b : : p
PR cent S M oot Ralciarhs refhBled B tited PTC
delution zieyl evap enationywhile theasolatipe nsaagntqiedgwmas StiCed,natil
B0 3Tk E3385 P oma B Pl a7 B Sme
8mboldiiéftls, Al B Shsat 'F'Hév‘m%l)ﬂet}:ﬂ—l Q‘aiuké‘s%brﬁ% S‘té 8%, &r from

of 2 to 100. I n one enbodi ment | uti on factor
frébytons 5¢ rTchﬁ pH\@lus aftehth@mrhek remm@ch pﬁthﬁ catatysémay be from

6 éé:’}’gr'ﬂﬂ? E&ﬁh% nﬁ'%!b? dQﬁ'aTlo{No ﬁ:ggv%ﬁ%rggd :%{’%?r&tio? gf the
Solution rrremooés icetairoimpueitiet, intudimg ahy No}l??{éhgoﬂasotltall]?? on
0 S

Bironlu8d ek fisindng splbioR: fumdagitiiog sos Tormalioroof 4 stable
aﬁa ttﬂa%,oafeﬁtfmr@abmt%ﬁt Volatile Wb s id Sciis! diichits cr, F,

ution y_evaporation, while the solution is
§94t, NQdl, arnd NHAsif sresansamayiie gradually ssnaved by ieyapeestion. A

e AR e
ﬂ}etcnénrlﬁ?m 1A sBlulionanay begong%détré@é tr?gtégzlarﬂglf lfwa%gm?}?lg%
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evaporate. Evaporation of the solution renoves

[0U313i n TH@é’élUbbﬁfﬁnay Bé'sﬁﬁéﬂ&n@ %ébotl.lﬁﬂl'thé sSHRhaMRvs a
I ntroduced earlier, Tromthe sol ution

trapsparest pfﬁjlger@olebarn@theanH@f the solutips is higher than 6. The
aging time may vary depending on the particular embodiment. In some cases,

the aging time may last about 30 minutes to about 8 hours, such as from 30
minutes to 4 hours, at room temperature. The solution may also be stirred
and evaporated for 3 to 5 hours. The pH of the PTC solution will increase
automatically through a self-recovery process when the weak bases such as
ammonium ions confined in the PTC structure are released gradualily as the
PTC decomposes. Aging may be carried out at room temperature (e.g. about
18-22 °C) or a lower temperature, such as between 4 °C and the room
temperature. Agitation of the PTC solution can prevent aggregation of the
PTC particles. It has been found that if the solution is aged without agitation,
aggregation will occur in the PTC solution during aging. After sufficient

9



and transparent PTC Palewf fecsipt: Modugist L& 7\(ES308.20673 BET/86A007/000221
acids such as d-, F, S04-, N03-, and N Si#fPU 2007/ 000227

present, nay be gradually r ehoved by evaporation. A
solution is transparent when a naked eye can see an

obj ect or image through the solution. A solution my
be considered transparent if it has a nolar

siTing anobaglogeﬂmu ssiledian willdresgonnd iransparext,oadigating thahthe

31] ..The e} ed and aged until the
E‘i&u‘?%%'ﬁr ﬁecﬁgﬁ@ﬁw ?dange col or and the pH
of the solution is higher than 6. The aging tine my

[0032] depends bgenfolmetta thé PH @frthePrtlisBRitibn dam ar@ém the
cases, . the aging tinme may [ast about 30 mi nutes

a%mergaﬁ@oa@ th8 clisRassion iy of i T Expargclesnas rwsell g the
e. The solution nay al so be stirred
gme)f/g{p%%{ é for 3to 5 hours. The pH of the PTC
solution will increase automatically through a
E33] r e @192 privequsceszof She0ikakibAgvay begitepared as

ni umigps ,confined in the PTC structure are
@%ﬂ@é@nd—ﬂgﬁd&al ly as the PTC deconposes. Agi ng nay
be carried out at roomtenperature (e.g. about 18-22
fo03a) a A@Sﬁztaﬁmﬂﬁ ! r€s isSaddedmtd atidiRA Waterdodhyditlysis.
gi

room _tenperature atian of the PTC sol ution can

phe asidified Weéefanpy hegprmad byrrding atsneglbamopnt phacigaagh as
&

B 1ERG 51 1Bl e ST bl i o 1 Soflor

alg%mig beﬁkepﬁrbzl%\ggf”()g (s:gl_llahs a8 (gig?}lgacgglgdwﬂi ne%aigr.Au\/g'ﬁmw (before

figrpastions dhé spiiontarvge Pirgoledo £ ISt IOt 5°C.

ftiansRaY fh%tt initRidifeREHpSon, 'Wl‘ieﬁ fh% ShfeMadtidriy! SUlGY B not

become wel |’ stabilized. [0032] It has been’found that
etheryiseospadified> fiee selvent mﬁleaﬂUder@i@f t he

pol ymeri zation and the dispersion ability of the PTC

I
R R e g
puletptaneel tlw canl wmsndea'ﬂékt’) ionsAlviBen dissoheBUih akt amedus solution.
urc

is_add nto .aci.dified ter o

FobPRATERs = fehumsentenrEas Be sy s Her Brd i) tanium
ﬁiitﬁfrm&rlaef(ﬂfﬂw tmum stﬂﬁhéi‘él ﬁ'l@SQﬂ) st titahiuk Rerdi@#tate
gﬁ 6% to dei ter. erature of the Ti

(N®skh alkoxy tltanlum (TI(OR)4) or the Ilke may be suitable. In one
embodiment, the Ti(lV) source may have a concentration of less than 40 wt%
in the Ti solution. The concentration of the Ti(IV) source in the solution may
vary in different applications. The appropriate concentration may be readily
determined by one skilled in the art for a given application. in some
embodiments, the concentration of the Ti(IV) source should be sufficiently low
such that no smoke will be released from the solution, and when the solution
is cooled, such as upon mixing with cold deionized water, no significant

precipitation occurs.

[0036] The Ti solution may be mixed with a base to neutralize the Ti salt

and thus facilitate formation of the HTO precipitates.
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shoul d be kept bl ow B&e obtecdiptars mgusngﬂoczmsloqqgo@ {ﬁTfsmowooozn 2
water. Initially (before the reaction), the so 0 21
may be cooled to a tenperatute bel ow about 5C. It is
noted that, in this description, when the solvent of
any solution is not otherw se speci fied, the sol vent

may _i ncl ude vvater.BLOOSS] The Ti ( Vg source may be any
m’éam dn@n exfmpapsembodiment, audiehin kaseiga Valgtiie wedk

u t@g%fg'tlfé':ﬁ/%sée H{éﬁqu@%\’%té@g&ﬁqﬁm éscﬂ'p Srﬁalg(zcﬁmé%ts because it

Cam beilater retoued Ib(yrevapo(amcﬁlﬁ) webk tbaseuszed because its weak
tet,raf)] uor.ide (Ti F4 ti.tani ym sul hate 5)5 %ﬁﬁfﬁ
cORILGRIERGI: FU) 25 aEnonitTy, MY gye %ﬁsk%’ P adyelse fHects on
ﬂf@ Lﬁl%‘ﬂé Ph@foda@i_yt’id %)l%p'éﬁ!b@&f el rbé‘@itlﬁg solut®or PTC particles,

nbodi nen source may have~a concentration
a$ diseusset ahove. E\mr%eri whehdhgiwaak baseis. volatie, it may be
concent [ tion of he TI‘S}E%?’ source in the solution may
CANGN 'f%“é?‘é%ﬂ YRR Bns. The appropriate

concentration may be readily determ ned by one

[0038] ed Amek8@piry vbRitil@weaak &yaselp lanerabhiai) or Bmraenaim
enmbodj ments, the concentration of the Ti I\/) source

EMQK@%@I%@H) Qent Wpakhasesuskch ARR-NEIZ mRealwo be yeed. In
h@f%gg% %Ea BnSRidhiQned Mt {DHQS useh Y dtﬂe vtdgme

cool upon m xing Wt ei oni ze
weakibgisef i cant precipitation occurs [ 0036] The Ti

solution may be m xed with a base to neutralize the Ti

dthus agi litate r mat, t he .
fitisen 1, SrppBiimaritos Selitiofr NSl AT e sipd to the i
§JIati6N. R M idle SEHiGHBONH,0P0RZY B abdbl /furstL(QfZ8114i OR3fllite
In an exenpl ary enbodl ment, a suitable base i$§

SRIHten oé N@QH Fasehave 3 QI copggatratign fem 0.1 {0 5 wi% (by

Y@@@ﬁ)‘ 3YUER détgbLﬁ%rWt")@ndP @l'sﬂﬁfﬂlbﬁ rﬁé %%nglfaﬁed Qé'éh B stirred

ater’ renove y evaporati on. ase I s
woia NGl 4s addad. Eﬂ)ﬁj agiglition aﬁ:NHAOkbmra dﬁutadnmhltmn first can

f h
Hseob BB oriaBh TOLE R A Fl R b Eitels BROSE,
pafficlarmag besmoradiffituiictasdissbladmter. Further, when the
weak base is volatile, it may be conveniently renoved

254 s S ATy i

82465 untivie SsdutdiPhadBWaRle 8f PA fH5HRSG tol P The concentrated

solution may have a NH,OH concentration from 15 to 35 wt%, such as about

30 wt%. HTO will then form and precipitate in the solution.

[0041] The precipitate is washed, such as with deionized water to remove
impurities (at $S118). Impurities present in the solution may include dissolved
ions such as CI', F, SO4, NO3, and NH4". Water may be repeatedly added
and removed until the solution containing the precipitate is sufficiently free of
impurities and undesirable ions. However, unlike in some conventional
processes, it is not necessary that the contaminating ions such as CI" and
SO4 are completely removed at this stage. For example, washing may be
performed until the electrical conductivity of the solution is reduced to an
acceptable level, such as below 20 uS/m. As can be appreciated, the
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the follow ng descri Pateofirecdipt: 13Auzss Q00 d13082p0 GR607/000221
used as the 8ol atil epavveak base. [0039] In o‘ﬂe@&l;m?8 ?)/ VU 02 21
enbodi nent, a solution of NHAOH may be added to the Ti

sol uti on. A dilute solution of NHACH nay be added

first (at S114). A di I ute sol ution of NH4OH may have

812l <ERBARNAS RS snluighits epRndest o hessanceadati of
aﬁa rgméley\éuéreaé\ﬂ%@h'tﬁe% ﬂﬁ%n ARG tﬁ@fttc'aﬂ'?)eoused to

diluted solution first can
mc?ﬁ;e |ﬂ®<ﬁ |QM€‘| phicgecaapentration i the sd&atnmnAﬂded water may be

di ff | t
PERGREL 30 ExanBlel Yoinghs B erb e By Riee aA st cd
uhu@stmu by bersomeyskifedifdRE gt  S116), until the Ti
solution has a value of pHfrom®6 to 7. The

nt rat ed ol uti gn. may have a NHAOH concentrati on
15 %@Saﬁ%or%%lﬁﬁfagn%Batcollsciemt% saprrating it from the

0 The
sStoh a0k 22}, TECALLR RO, il INark e
ardrovay be impthe formsof(aatal®l Te pretipitate slesuldmes @@tcd&ﬁble’cely
@hgd %g ' e n@c’ia%gac ﬂﬁgﬁ flgc{,gfeg::lgl’;%g@ @gﬂ;@ggy@@%ﬁﬁects on
hedadh pmcﬁ_ermved until the solution containing the .

precipitate is sufficiently free of inpurities and

irapl e ions. However, unlike in some conventi onal
&ngi S104 P%PW@?S%&!QQWH int1G. 3 theaoktion @ohtaining

d_at
D200 B8 T FRAY B S o
Qxﬁmlblet Besoéjtem mcnn:tainntgaHgﬁ)@hndIdnymoﬁlddﬂmapbélblr%fbrbé by
bl e | evel uch as bel ow

’E‘%ﬁjﬁ %fﬁaa%g’é@ PRAAYEOUR SolutionRfarsmonias Qrgmmonium
gﬂf*“dgﬁ‘ﬂ'&%g‘?ﬁmﬁ?{"@ﬁﬁ SRS RGOS e g

ﬁé& rY\ﬁf@f e Rmayee Eahle @manathemrgamc lgroged Asgﬁsmﬂssed

can _be

45, 0BRSS RN b SRR Wpaksh el e uoea

iesﬂeaﬂqurammddajow\mhme ammdamtalyenW@devérOén@ﬂaémb&e such as
s& ctlbn filteri n% chni que, as can be

daer St é%gu% 3&%%'%“ 8"n the art. [0042] The
vvashed precipitate may be coI | ected by separating it
[0044] t h&he concentration of ammonium in the mixed solution should be in
a suitable range. As explained below, if the concentration of ammonium is too
high or too low, the resulting PTC particles will not be completely soluble in
water and the resulting solution will remain translucent or the PTC will
precipitate. It has been found that good results can be achieved if the
concentration of NH4;OH or amine in the mixed solution is from about 50 to
about 600 pm. The mixed solution may be cooled to below 7 °C such as with
ice or using a cooler. The H20; in the mixed solution may have an initial
concentration higher than 10 wt%. The pH value of the mixed solution may be

around 5.

[0045]  In process S100, after aging the PTC solution may be optionally
heated to crystallize TiO, to form crystallized (anatase) TiO,. For example,
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solution (at S120). Phte obwidigctietizpt 2¢07 61308128070 ROT 7/000221 :
hydr ous ti(tani um oxi de, and nay be in the for’m'ofégﬁg)(/ 000221
cake. The precipitate shbul d*not be conpletely dried
as a dehydrated and solidified precipitate will have
adverse effects on the final product. [0043] At S104

. own..La FEl.G ut.i on
6 LSBT o By YRGS By ot e
suletian fla itempeyatare frell sbdRYeo. alidut 13€TWPTRe hydrothermal
sol uti on containing H202 and amoni um may be prépared

tEatmantimay BsEBranad 39imiades tonabout Hhbewss T biydrothermal
) ) : : i

BnER B e PTCSRBELH Ray WOHGLe ¥61at]e EaME S B mcry

aheranilnringhd eol0Ribk, whichrartnitiatly trapped g thJPTSEparticles but

B B e S oot lons may

FePEbRe @ froA N AStidH B% ?Lﬂrtl?éryeé}tﬂpdfﬁ’m%’ Quch33 %iﬁgﬁh' rotary

base such as NaOH Is nOt suit e as di scusse
esporation trehalquen eAs discerseditbove, cdvaponativrucan rerhbee volatile

' | yt i houl d _be i bl ange. As
DSl S AProfincks arssitrsid BRPerdBamBHPBPmoves
substariies! th pHARILGOF tHeSollifsr ridy EhaRbe dairg é\'/afﬁ%réﬁérh. In
not be conpletely soluble in water and the Tesulting
R enPedinent, afterthenhydratharmed treatienth evaparationican reduce

t 5%‘“ .é?fé trlaL t\/EgSAéJE&fh fit%'ﬁgt BE(@%?% heeggké{ﬁ]o%ani n

e achi eve concentrati o
frheess toeadjast thei it of $héd POM sdlotidn bY dddingpdibier basie ditacidic

The, m xed sql ution.may be cooled to below 7 C such as,
SHEBIR R LR fftar thsonrothesmal itestment fhe gpneantration of
tR@lpatticles TFRthel@I8tGT M4y thealbe iﬁeré%%%g%m%ohwhﬂes and the
than 10 wt% The pH val'ue of the m xed solution nay be
rgremggntatgdogrigiion gap stit egwamisiableaf t er agi ng t he PTC
solution may be optionally heated to crystallize Ti02

[ . ' mpl. .
IBO4SP TREFEI O it 8 crtaliFgFlo Rlianalhn Fips eiter within the
XS} sstion BrctEe 2hey have beeti/exuuotélﬂfromhhe%'ﬂmtkﬂi. lFlblr ? E
peGt t o hydr ot | treatnment to_hea e
BBIeiE R oG Bllisl Rbi8 dRsiiadtn 3 SUage bl 3 soating
vihicH ethenddriddhandbatdd ©8bAA HnatEee rag), for about 30
m nutes to about 10 hours. The hydrot her nal

[0047]  In general, particles containing anatase TiO, can exhibit high
photocatalytic activities. For example, the PTC particles formed in the PTC
solution can exhibit photocatalytic activities in response to irradiation of light,
such as UV light. However, surprisingly and as will be further discussed
below, it has been discovered that, even without crystallization through
extensive heating, the PTC particles formed according to procedures S100
can exhibit significant self-cleaning effect via super-hydrophilicity, although
the self-cleaning effect may be weaker than in anatase TiO,. Thus,
crystallization of the particles by heating is optional and may be omitted in
applications where extensive heating is undesirable or inconvenient.

[0048] The PTC solution prepared as above can be stored for a relatively

long period of time, such as from days to more than a year, without significant
13



treatment of the PTCDstebiietept: Parngist 2mba .08 200 PCE/SG2007/000221

cations such as amoniumin the sol uti &QTMCZ
initially trapped in the-PTC particles but rel ezggg/ 0002 ZT

due to the heat treatnment. The newy rel eased vol atile
cations may be renoved fromthe solution by further

evaporation, such as using a rotary evaporation
cargdensation ongeldtiooudtbas heendourd thas the pariciasizesimthe PTC

sl Bbruple SHRENESER S =8 T HRD S i TRs R o
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saiystwalumees the nborsplerbhdimnigter Fariexaoplei sdmea panlicles
PTC sol uti or, after_they have been extracted from
vy R rblice shbes inniiah o tiTeddiln Pay s sieds of
Aeb@23 Afh HNaBoRUIT ARE oF RedsPr m a coating which is
then dried and heated to formanatase Ti Q2. [0047] In

eneral, particles contajining anatase Ti Q2 can exhi bit

0491 prist Blearesa akovrs the pH wajue pb thaRd kps@utiom mayTee
B0l 57 ORI, e B PE R A 18Rl e
gifengthrand ewaponation tiviel | ENaporatiorealso, insieages sha gbycentrhation

a, il be further dji.scussed.. bel ow it s _been
Setbuater thine sthisti RRelioRTAihg piro RSN ough
esricamtiatienhd ®TQ gartidies, BlChpaY highéethahot we, aenobelobtained.
to c?rocedure_s S100 can exhibit significant 0
Kes9me embredigests. die congenrtigtian WM?Q?pﬁ pigk gg/from 6 to 8 wt%.
al though the self-cleaning effect may be weaker than

fob5efat aSehvEnfehtly IS PTCCEH bhs MavBm Rbuttdi$HH value without
particles by heating i1s optional and may be omtted in

upipyicoaplisatedng costhi ionsexahangeatresigsi Sinerlds use pkiodr

SREREN SRl Pt d? SohFEploh o it SHREEH, fRentney are
hothised; teftaspdtentialdsytatndtionds avaltied. Yiesys, contammation can
signi ficant 13 Date of recei Eé:st 13 Au?ust 2007

leed tgdmpreved siahilipiibe e Bhe stability of the PTC solution may be

measured by the zeta potential of the particles in the solution. The particles in
a PTC solution prepared according the procedure $100 can have a zeta
potential from -60 to -80 mV. In comparison, the zeta potential of a PTC
solution prepared according a conventional process is only about -40 mV,
indicating significant contamination (less stability), which can result in reduced

photocatalytic activity.

[0051] In some applications, the formed PTC solution may be used
directly. In other applications, the PTC particles so formed, either in the
anatase or amorphous phase, may be extracted from the PTC solution before

use. The PTC solution may also be used to form coatings on surfaces, such
14
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been found that the particle sizes in the Preiédaf©@e7/ 00 0221

are relatively small, such as less than 25 nm The
factors that can affect the particle sizes include
zeta potentials on the particle surfaces and their
concentration in sol ution. The terg1Ia particle

he,. ,
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PTC solution may be neasured by the zeta potential of

[0A&4bar EXAMELES:t he sol ution. The particles in a PTC
soI uti on prepared according the procedure S100 can

%81 2 IBhLpi@gtential from-60 to -80 nV. In
conp]arlson pﬁg zeta potential of a PTC solution

repared accordi ng a conventional process is only
0661 - Hydnawys titaméliro addeywas gneparedras fodinwarﬂmraaallyoﬁ litres of -

iBTRed G e hroVORf n SRBRTTEY TreWaRS AN toarsagied and

Hatba tahperateGrem 5ite PrrO18B rkofus 6lutiehetdiking! 36.6 wt% of
ot her appl i cations, the PTC particles so forne

Biuas padegd do the container. The TICl, solution was obtained from
Sumitomo™ Co. 200 ml of a dilute NH,OH solution containing 3.0% of
NH;OH was added to the container. The content of the container is mixed by
stirring. A concentrated solution containing 30% of NH4,OH was then added to
the container until the mixed solution in the container had a pH of about 7.
The mixed solution in the container was let stand at room temperature until
hydrous titanium oxide precipitated. The content in the container was then
washed with water until the conductivity of the liquid content reached 6 to 20
uS/m, as measured by a conductivity meter. The precipitates in the container

were separated from the liquid content to form a hydrous titanium oxide cake,
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anat ase or anor phousDpthafreceiptal Anguse 2307 13108 3047) BET/SH2007/000221 .
PTC sol ution before use. The PTC sol ution Oﬁtgvfmﬁ 02@907/ 000 2 21
used to formcoatings on surfaces, such 14 Date of

recei pt: 13 August 2007 (13.08.2007) PCT/ S&007/000221

.rLA/Nu 2007/ 00 02 21 as exterior surfaces of

bui | di ngs. The coatings nay be easy to clean and may

Wwhicheléigbed 4 hgndsontain®d Gbpat 9364 ef solid Tt particiesg

are photocatal ytic. The coating nmay be fornmed using

fesad:" 1A Riked SODRGTSF priElh BRaDi 2 pdis oo corfiging'So wes
ORI9sOswaY prépaed. 2 miRidesdIlifoh, 8AE €oRBEntratidrsoNNH,OH was
necessar¥hto add and renopve |on-exchan@g|§rﬁdre5| ns.

As
2@3 ppm. 1hesuxed sekidionewas isrecacled apgd - Ebepl @ sake was
oL PR HEE 500 BPoot (OFIRE bRkt one

lay dnERA S ubseqoehiypidce ugiktorly adtibe aftee theapfevidusepiece had
eriod of ti he tinme for potential recondensation

amlefely sissoliSd 10t T8 OF e HitL ealcavas ek, Heinal
EdilioRascotie LERRITES tORRANEITS 14 1SMBERINLARP RS stired

are relatively stable, even the concentration

fora fpar howiseresultingeiha cheal prangegRT Cssaliticrs Whigih badtehpid of
4vvt°/r%aag up to 8 wt % .[ 0053] The enbodi nents of the
%'Pé’g'go' nvention are further illustrated wth the
followi ng non-limting exanpl es. [0054] EXAMPLES:

[0053F] Exvemmble Il : [0056] Hydrous titanium oxide was
prepared as follows. Initially, 5 litres of deionized

. provided in a container. The water was
ﬁ@gai o\gﬁiﬁg’éﬁﬁﬁ P r%aof;tlpawstnﬁ%arﬁddm%swav pgoceshyirgas
- e ol C aini 0 : _
SEacHpRe OB B Gt B koo e

DixAc srtptian Bes creaget tof0, 408i 0P 4001409, $60uf iGsN, 1,200,
S0P o Bpo G UL TR Y B e

m%s?ﬁtarqneﬁbMéubﬂmemmnhMm%lya&%d% W&H4@bll| laged wittean
added to the. co r.uyn the mi xed _solu in
S ShEaniem Tl GReGHQ bt cencenfetinn kb 88 aTd 4,900
bpmire8pEeHely. ner was | et stand at roomtenperature

unti |

[0060] It was found that the concentration of ammonium in the mixed
solution had significant effects on the final appearance of the solution and the
time required to form a clear solution. The results of two series of tests are
respectively listed in Tables IA and IB. As can be seen from Tables IA and
IB, it is possible to obtain clear PTC solution with up to 600 ppm NH,OH
concentration. While in one test, the sample solution with 500 ppm NH4OH
showed precipitation, it is believed that the precipitation in this case was likely

caused by experimental or procedural errors.
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the container was then washed with water untt4°¥2007/ 0002 21
conductivity of the Iiquid content reached 6 to 20

pS/m as neasured by a conductivity neter. The

precipitates in the container were separated fromthe

liquid content to forma hydrous titani um oxi de cake,

fe 07
FRUIPIES oo, FBES Roneb el aﬁ‘%g“"‘ﬂ’?"’&g*yg o

\NEI gh and cp i hed ol i
i’a‘*VfZ ) ﬂhﬁﬁggngaq‘ﬁ% | orfRa BESaR %Eecome
°§'8?U PRI hi ng SOWAN of H202 waS'8F epar 8#PUTEh
The T Xed sofution] The concentration of NFEOH Was

300 ppMHiH® mi xed| sol uti on was ice-cool ed and

ot 1 v v odl The LITIOY ~hlka wwac Aaddad + +hao oad -cnl it AN
QU T 1T CU. LELILA 2 LILLIA 42 nNC VA% T] - AU CUU LLI LIIC Illl\bu JUOUT-OUcC T ort
slowy. @mall pieces of tdegcake were added onerq4 by
one A subsequent piece was only added after the

previ ous i ece had| co di sgol ved. A t t of
12 g of the HTO cake V\g@ng e¥1t The fi nal %on

was cool ed using ice tg mal ntaln a Iowterrperature and
was stired for a|few MY esullting in a Cl%hr
Oorange PTC sofutiop, wiicir ftad a pif of  around 2-25:

[ 0058] a@npl e |1 [005%tarBiudeatent |PTC sol utios vere .

oy Ny ad: doceor had
|JI C[Jal cu Hr—a—St+1 ot Pt gceatte—as eSertBea—+h

Exanpl e 9 except [ he amgmpyrum hydroxi de concemgrati on
in the mxed solufion was changedjto 0, 100, 200

400, 600,800, 1,0pO0, 1, 1,400, or 1,500 ppm
respect ?I\nggy Furt per, %QQ%-TC sol yiti ons were Elfepar ed
in a si (r? | ar procedure t the amponi um hydrcé'zde was
repl aced® th an  ami ne, WManol anifne (H2NCH2

at concentrations pr 500, and 1,000 ppm respecuvely
[ 0060] I3tOO\Nas found t hat Gle@r concentration of &moni um

ol run

—thenixed—soturi-on—had—=st wnfl ¢att effeets—on—the
final ap@@arance of the Leation and the tine3
regui+red-to formalclear solution. [The results of two
series gpgiests arg respggsively listed in Takes IA
and | B. As can be seen from Tables|IA and 1B, it is

possi bl 0 obtain|cle 2 ol utiion w u
ppm NH4 concentyati ?;Feg&ﬁ? e injone t@? n%tthém cear)
sanpl e 138|08t| on wfh 500 ppm NHACH

Precipitate (Did not turn clear)
1,200 Precipitate (Did not turn clear)
1,400 Precipitate (Did not turn clear)
1,600 Precipitate (Did not turn clear)
H>NCH,CH,OH |
500 Clear 3
1,000 Precipitate (Did not turn clear)
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showed preci pitati onPatebf reseifnel3i Asrgasl 2000 &13. 0812@071PCT/SG2007/000221
precipitation in this case was |ikely caused by
experimental or procedural errors. 16 Date of receipt:

13 August 2007 (13.08.2007 PCT/ SG2007/000221 ~JU 2 007

/ 000221 Table I A Effect of concentration of

anmmoni um cat al yst Cat al yst Appearance of PTC Tine for
solution to becone Concentration (pp Sol ution cl ear
Tablerl@ mﬁffepmf@wntratlga of anTmamgnu y,dfpx €24 0

Ilallbl U‘LCIIL - L‘l- OU || aIIDIUD IIL C JU bl T al 4 J.UU
G ear NH,Q0 J earAppedt@ficdbear 3NH40Bl O ¢aApBeafdiite of PTC
g e@bnaents&ib(rgrg‘l P{I‘t)?SSIu@i@Il'\d n)@bnééﬁtmtrdpear_) liSl?é?tion
recip no urn clear necipitate
(Did ngﬁﬁ)ﬁrn clear) 1, 400 Prem%lgquﬁg (Did not_turn
cl ear) , 600 Precipitate (D d not rn clear)
reNCHR B or 500 | ear CEAT | 00 preéﬁﬁ. tate (Did rfgEar
turn clear) 17/ te of recerpt: I3 Augusit 2007
(13. 08. 2D071PCT/ scUansligenb1 Loo@ﬂouu (122 Tadpae
FHB—Ef-fect—of—concentratt+on—oframontumhydroxide
0 Translucent 331 Clear
132 Clear 331 Clear
164 Clear 331 Clear
189 Clear >500 Precipitate
240 Clear 662 Translucent
250 Clear >750 Precipitate
257.3 Clear 1,324 Gel
265 Clear 1,500 Precipitate
265 Clear 1,501 Precipitate

[0061] Example Il

[0062] A PTC solution was prepared as described in Example | with 300
ppm of NH4,OH, except that the final solution was aged without stirring. It was
observed that the viscosity of the PTC solution increased over time and the
solution became translucent over time. Gelation occurred in the solution when
its pH reached around 5.

[0063] Example IV

[0064] PTC solutions were prepared as in Example I, with 300 ppm of

NH4OH in the mixed solution. Each PTC solution was then diluted with

deionized water, with a dilution factor of 2, 4, 6, 8, 10, 12, or 15, respectively.
18

vu221



NHACH Appear ance of Dhié @HedfqipebsrAugase 2@i7 (1318.2007) PCT/SG2007/000221
Concentration PTC Sol ution Concentratio Solufior=4UU(/ UU 0 221
(ppm n (ppm) O Cear 300 Cear O Translucent 300

Clear 0O Translucent 331 Clear 132 Cear 331 Cear

164 Clear 331 Clear 189 Cear >500 Precipitate 240

Cl ear 662 Translucent 250 Clear >750 Precipitate

Tredibita #9C soltionsavere tifred arwl agedbabraemne éemppeeatdre for 3 to

sgre Thp et oteBi ihsnerangh o ERTB H ens At stirring
é\xdgtégiﬁg@s sREWHh Oh FNB4 SHvherc 8 PigHdratvalbe iddivatessPhighkepn

s aged without stirring. It was observed that the

stabjlitys lttwasebsevedtimiswhen thendiutiondastad i9 Bar areateraihe

. j a I 1 | at-i
diDfes $aLHph BT o GRN albe” Hrel Bl &l 2 bRfer.
dven[WileB thdd et &olitidrORad e-Eohcemtratbd aifier wtirrihg and aging,

repared as in Exanple I, with 300 mof  NHAOH in
tﬁﬁée'lﬁoﬁéﬁmééileﬁlt$Qi%t.'°rE%Ha'P$¢t'?é159?f%R Qygs tineen di | ut ed
with deionized water, with a dilution factor of 2, 4,

1Q, ' | PHilut

10950 guar 4Gy A PTCRRBML MR broddrerontagive WA Plifution
factor ef#tuand wasoagad aitademiperatece ofrabaI4utG dma refsigerator for

3, S 55 b S VETRSL LAk A Widor
WwereWhseitdedibl Aieasiiréd baly. Bdreaaits aré SheWAWA TabléENGnd FIG.
5, where a higher y-val ue indicates a higher

Btability. It was observed that when the dil ution
factor is 8 or greater, the
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stirring and aging. Further

even when the di

CT/SG2007/000221

solution was re-concentrated after stirring and agi ng,
the re-concentrated solution remai ned transparent over

tine.

as above with a dilution
erature of abpout 4

ate
vabie 1.
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efri gerator

[ 0065] Another diluted PTC solution was prepared
and was aged at

for two
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[0066]

[0067]

Example V

A diluted PTC solution was prepared as in Example IV, with a

dilution factor of 8. This diluted PTC solution was found to be very stable, and

had a pH

[0068]

of around 7.8.

A portion of the diluted solution without being subjected to

hydrothermal treatment was sprayed on glass slides to form a coating

completely covering the slides. The haze level of the coating was about 0.6 to
0.8, which was measured according to the ASTM standard (D1003-95). The
coating on a first slide was heated to 110°C for 30 minute. The coating on a

second slide was dried at room temperature. The two coated slides were then

exposed to sunlight and light from a Xenon lamp, respectively. The water

contact angles for each coated slide after different periods of exposure to

sunlight or light from the Xenon lamp were measured, and are shown in FIGS.

7 (sunlight) and 8 (Xenon lamp). The diamond points represent the data for

the first, heated slide, and the square points represent the data for the

20




coating on a first sbmderm&sl)tmaugaktmmlﬂs(b@zﬁm PGD/SG2007/000221

mnute. The coating on a second slide wastbri/iddi 2007 / OOQZZT
roomtenperature. The two coated slides were then

exposed to sunlight and light froma Xenon | anp,
respectively. The water contact angles for each

coated slide after different periods of exposure to
mnhdghmhutedlsgde The tidrigle Yeiris répesenedatarfona dhiedi, control

s SR Vi G sarbethtlpudnEerpla i LA¥ Shovryia FIG.
7f 'tﬁé at@ﬁ?érﬁgcﬁéhgésgg ég;%ﬁ sﬁﬂié?érﬁla‘ﬂg gﬁkﬁe& L?%ecgtsunllght

t'he dat a recel ugust
f()ttBO’(bBthE(ﬂv@ amemewemmm abbU@E?@(Ebo@d@Zﬁlow about 5°

e S mintESF i Bl Seshie FIS E il B0 oyttt o RBfa Siles in
BiRR Chkbs debridpedi étglﬁﬁéé?ﬁl;ﬁaﬁér alfsut S0owhuites B iFadiation. As

t he wat er contact anﬁl es ‘decreased substantially after

shoyas rosh heataghandHnheated mﬁtngtwarceswhmd@tb@mﬂal

BT A 0t bl Ba? Bt BpBsR, TeTepifls Biigate that

i Imat nebessmy&b heatthesTiO} cdating toaﬁ)@nwbemmedsuper-
f%l&d%mflcan y after about 20 m nutes of irradiation.

ORINHGHY- Tt Idirales thal ApRliRRRL BbracHhismeeraliieis aossible.
i h%éHérg %&é&t@&&hé&'theslt@gﬁn méiptfe'%mab&xn fd : fihheated

t one our exposur e e results indicate
oqatm.tweteuestharaynmrphbeaphabe Heabttreatamant s needuenl forrproducing

SR 05 mak R ol an ol Porgddiol e, it ois

generally expected that the Ti02 in the PTC particles

['0069]16 Thigediluget PTCasbI0HoMN=R dubjédted avarijieothepinase.
Heat treatnment is needed for_producing anatase, TiO02,

trRAtMegt At 18P1¢ fuyR tq Bihogre: ST'?eepHﬁﬁ“I'%“a?f 98, SO["tft%'g‘I"efe
rﬁBﬁlt&'eHLHLﬁ%gFﬁﬁ@ Mr%'e%a“@éaﬁh@dltmetrﬁeésured values were

\B/lrot hermal™ treatnent at 100C for up to hours. The
HbL §8, 95 ad 9.paftas|2id, 6namérGehomrsmftt@eenedtnrewthely XRD

PRI o AR L oL 1S WAL SR ER 1R Frc. o
Ag ehtbwanth,ere %aqn@ak\a&' 120. = ZB[A° fopted heated rs%nﬂilé@ but there is
obt ai ne Etg t hes é_nterval s, which are sh

19 pealyTor the coply Samﬁ@r hesarﬁpb"élgﬁ of the geak §§04mpfﬁases with
thBQrelé%ﬁteﬁg tﬁ@pﬁé fig.pe erttit?r' ®5, ln R;age'(;é;f e fBFmbfién of anatase

control sanple. itude o e al so
Tilker eases W th the treat ment ti me The peak at 28 =
25.4 indicates the formati on of anatase

[0070] After the hydrothermal treatment, the treated solution was dried by
removing water from the solution, using a rotary evaporator. About two third of
the water in the solution was removed. The concentrated solution had a

measured pH of around 7.2.

.[0071] A portion of the concentrated solution was sprayed onto a ceramic
tile surface to form a coating. Two coated samples were prepared. One
coated sample was heated at 450 °C for 30 minutes and the other was not
heated. The coating was then covered with methylene violate dye (MV; 0.05%
aqueous). The surfaces of both coated samples were irradiated with blacklight

blue (BLB) UV light and color change on the surfaces was monitored. The UV
21
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treated solution was dried by renoving vvaro‘teeﬁ M‘%Q@Q/ 000221
solution, using a rotary evaporator. About two third

of the water in the solution was renoved. The

concentrat ed solution had a neasured pH of around

7.2. [0071] A portion of the concentrated sol uti on was

light had @ wamleagtfb%%@% to 4pp any at 2 Rower &eﬂ§\tYrPB1 5 mWicm?,
0 e R R0 RS JR B EREP AR 0B GRS L
'ﬁhél msu\lta&)f olor dhamyged AE) ee shaWnng F\lﬁs 10 f(’erangdas—:'ioe ¢he

Wi th I ne vipolate d 5% ueous)

SRR saPTa G0t mPBES SalpF Al SAmPIElRRNg i el
B T &, 5ol B e ORbuRe) SR o CORATIEN samples
(circlas qunst d2BGEYUELSs)0Ble28 e deGiroESADP R @as p21 chatedasith any

B0 artidSs cadn 6 coymPajsof Sl it goate it fish o 18%)

SHADY TREENAD! @Srpa Jﬁﬁﬁﬁt PG SIS TRé @batifgl Suldcédof both heated
Control sTM L e results of color change (LE) are

@md)unheaiedlsammes@hl@t@gld{ssiﬂcocolph@hamgme i@atlmﬁme@s've

ORIl BB BInERERNEY;, LSRRI, o conrol

wupb@id enéiphyisos sapiesoxhibited hekch less thamge incoldar k
squares). Here, the control sanple was not coated with

e Jo PG obipn Shgnoa S rg it 45 SmeyS Tohplek the
Reatel Qtfhpié BAAIRBIaNGOPUARBRER Houlth! ReRethedisitiadght was

unheat ed sanpl es exhibited drastic col or change,

olptainesl bmgsnagtaemt»@féﬂlt@rh othz easalitg tshowex that pletocatalytic
SRSV RY iAol ORI gt B HRTBRINE WBanb e phOTALE!

conpar 1rson sa exhi
adfcwn@laglto amémbod[r@@?t&:}f tha de:ﬁnt Inventiohpwhighawge surprising.

L smeanin et Heauld b gioed figoer”fer oI, fasg-odaiizaton.

visible light was obtained by using a cut-off filter.

[Ooz3y es u*HeSc&hsém@témgbluﬂbﬁmadmdd again®y 834éteR oRee0.
I nduced by visible light in the sa_lnj‘ﬁple coatin

Isnagns @fidhe sedyian were ebtainashping @e Nbbefpreeam? aslenthe
Pl ) LERbfidn icH B LR n Fitfs 21 £8808rd Reaidd) and 13
(after heating). As can be seen, the partlcle size of the PTC particles shown in
FIGS. 12 and 13 are much smaller than those prepared by a conventional
technique where the dissolved PTC particles were pre-heated to temperatures
up to 80°C. Before the heat treatment, the shape of the PTC was not very
clear. After heating, the shapes and sizes of the PTC particles became more
uniform and had sizes from 20 to 25 nm. It is believed that such heating cause

large leaf-shaped particles to form.

[0074] [n the above examples, it was found that the product solution
remained stable even when the concentration of the PTC particles in the

solution was up to 8 wt%.

[0075] Example VI (Comparison)
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[0073] The concent r aDed obebdigiti Braugas 2@i7I(1808206Ty RCTVSIGF007/000221

a factor of 100. Images of the sol ution Rerdd taed / 000221
using a TEM before and after the hydrothernal

treatnment, which are shown in FIGS. 12 (before

heating) and 13 (after heating). As can be seen, the
particle size of the PTC particles shown in FIGS 12
[8Ad613 AreompansyhBN Cesoluti ptepﬁed@cep@rwam@naentlonal

GEAND v Lnar P B PiE The P aia & s Sogingy s
rRehauredtin ehd eamet wap bERR Exahiiste M) aiticioivastfouRd €o Wasabout 1.3
not very clear. After heating, t he shapes and si zes

tgf1.8he PTC particles becane nore uniformand had
sizes from20 to 25 nm It is believed that such

[ngg;]” THRU BNk arkPESNEBPARHeR R e LR hRa/Altbles is

bove exanpl es ound t
gisodhowndnlFlGSo i andeihéﬁrnateglsl) ah$ ehewenthawatetrtwntact angles

c!c/:vg enh%&t;%%]w%‘ fEhe PT?I?@art Iuil es | n theeltéghﬁﬁ@,nand even

|Herteesea dfe%lx bsurédo wﬁbn?@\@xérl&q%n 007)
PCT/ SG2007/ oo 221 PCT[sc. 20C7/ 000221 0076] A

con‘garl son PTC sol ution_prepared according a
[98¥3Ent QHher faadeesi barefita andrdvantagessolfhgsimbediments

dT&%r.Béa%érSM%@gPé%% j@@rﬁmﬁ ogg]l:b%ﬁn df?ﬂn&%r cgtgd from this

des&nptlon Band. th[a@lb:i\mng‘s'rtsj ihlozagkilled indheartcont act angl es
of the untreated sanples is also shovvn in FIGS. 7 and

189758 han9s SRR ZRcHssloudt Hivh ABe e BB o (o

ifbdvpogated Hutdindierefeiaieeeased after exposure to |light
fromthe Xenon | anp. [0078] O her features, benefits

B80T 80550 She et A e Sl bo
|Ht5§t%tlv%et§fﬂg'a%' iRRoARAYy hr‘i‘xﬁuer Whadestibddarboditmbn@tren

the art The content's each reference cited
s;,meetlbleetomae%mootlfMppe o feron, rasrangergntreffparisn details and

$19080) o 08 SBHT $Fie iMNRBROKENEF 96 Hh BT RPQAUIRBASs B Such

modification within its scope, as defined by the claims.
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illustrative only anBate pf na@iptcly Augwst 2007 (13.08.2¢07 PCT/SGZOO7/000221 -
descri bed enbodi ments are susceptible to Fa 20077 000 2 21

nodi fications of form arrangenent of parts, det ails
and order of operation. The invention, rather, is

i ntended to enconpass all such nodification within
its scope, as defined by the clains. 23 Date of

recei pt 13 Alg §t 2007 (13.08.2007 PCT/ SG2007/ 000221
Py pdl) MED 1S WHAT IS CLAIMED I'S: 1. A method of
prepari ng a sol ution con‘grl sing titani um di oxi de

barA metled of gepdringtenselu @rm@pmnﬁgwg titapm AipxrRipatisles,
tit and hydrogen peroxide (H202) in
é%%ﬁggg&d gﬁm%ﬁg‘%r esence of a volatile base

catalyst to forma peroxo-titani um conpl ex

di | ut ieagtisgihydeaystitapiure onisiel &1 THe) ang ayﬁrpgeweaox'éet(bhoz)
of at|easfion lnaﬁéfﬂréégaﬁcé i é‘vgfaltilétbﬁgseseéﬂéiys? o form a
. and fenovi ng, by

conpristing sard orat’

por t i psroxo-titahitim-ebmipldxe(RECR! yst from said di I ut ed
solution, to formparticles that conprise titanium

di oxi dmnm“gdsana FofitIShp g aldoPTei sy & rf:mar ohat least 2,
di oxi de, so that, after said renoving sal sol uti on

has aresyltiig invbdiuted selution @Qfaﬁ%agéﬁtd P3C; 08 net hod
of claim1, wherein said pH of about 7 is from5.5 to

8b5 regnoving, hfeh@ldor@fﬂonl aiportion ohsaidivelatite gaiglyssfrom said
) T
o ! dlfued Sl Be’ 1S iy Petieipbu g SoPRERE T ApRRG and

dur i ngaiRlePTIC rRROFHdWtASSid Agariam dﬁ@xﬂél go dhaty bfter sald
solution during said renovi The net hod of ang
k

one oferapyngssaldisglutionjpas é.prlr? §faala°l¢ta% ang g trpasparga

base. 6. The nethod of claim5, wherein said weak base
Ps Fel eetieasd bf caim amudareim dajd pbixofdesban d iarfiome 5.5to §lbe
nmet hod of claim6, wherein said solution conprises,

efgre s acti,n r.om.a
¢ i R ol 8 o Unesc RS B kR R 118 tHim BEIGEE,
to 7, conprising cooling said solution.
4. The method of any one of claims 1 to 3, comprising agitating said solution

during said reacting and agitating said diluted solution during said

removing.

5. The method of any one of claims 1 to 4, wherein said catalyst is a weak

base.

6. The method of claim 5, wherein said weak base is selected from

ammonium hydroxide and amine.

7. The method of claim 6, wherein said solution comprises, before said

reacting, from about 50 to about 600 ppm of said catalyst.
8. The method of any one of claims 1 to 7, comprising cooling said solution.
9. The method of any one of claims 1 to 8, wherein said solution is cooled to

a temperature below about 5°C before said reacting.
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9. The nmet hod of anyDawaef reéeipt! Bmﬁgusiz(too(ﬂos\mH;ECTVSG2007/000221

said solution is cooled to a tenperature bel “Sw-atfelt (
5C before said reacting. 24 Date of receipt: 13 August
2007 (13.08.2007) PCT/ SG007/000221 -2-001 uu221

10. The nmethod of any one of clains 1 to 9, wherein
said solution is cooled to a tenperature of about 7 C

1@uThegnethod qfaautqnegof daimsThéo fewhereid Saith§olytien ¢ cooled to
cl ai,ns r-ei id dilutinpg.conprises
ai PiETRE ittt 2O st shid fracdfon To 150, 12

The nmet hod of any one of clains 1 to 10, wherein said

1di. Theimethed g angeme off ¢|ai'nhsng ts diodwaeteihisaid djutng erhprises
of 6 to 15. 13.The nethod of any one of clainms 1 to
12diling eaid S§B4t'8’not?34 afactgr eb4iei188s  addi ng dei oni zed

water to said solution. 14. The nethod of claim 13,

W?hé'nﬂeﬁ%%f‘é%yq{ﬁez@pcléﬁf?ﬁ§ﬁ 1539, @/hb?ém%raﬂi Hil®ting comprises
bet ween 5C and foom tenperat ure. he met hod of any

ondllmtfngpﬁsmdmlutlondmafactorrpf630 ﬁ§ heatl ng said
particles to formanatase Ti Q2. 16. The net hod of any

P08 ImhBUTE by bl SRR 1 22w BH okt gomprises
f r gaiimgadsiodifed waadotd said@ofutioh/. The nethod of claim
16, wherein said partl cles are heated for about 30

tes to aho hours. The method of any one
% Wb ieboutl Sim Mh%rem S8 laanioe predethad Risfograture
'nbéﬁd/éier%*c‘}“aﬁg ré ra’?u?e The et hod of any one of

clarnms 1t ereln sal d evaporation conprises
evaBoratlon of said diluted solution for about 30 i
hbedsethed diispitone albeiains 2do 1heompristng eating sajdparticles

(Sl Endal@TiG,. Wherein said hydrous titanium
OX' U s T 8parédby a process conprising nixing a

Ti (1'V) source and a basic substance in an aqueous _
‘Eii)ﬂ'beimethodsniiamytmsa of clairss 4riod Spepmprisings afier saidaiemoving,

A" RYRnG 5 ALIe8 3 & 1eRTET Rt Ty Bl 560 BoBt 1567E.

17.The method of claim 16, wherein said particles are heated for about 30

minutes to about 10 hours.

18. The method of any one of claims 1 to 17, wherein said particles are heated

in said diluted solution.

19. The method of any one of claims 1 to 18, wherein said evaporation
comprises evaporation of said diluted solution for about 30 minutes to
about 4 hours.

20. The method of any one of claims 1 to 19, wherein said hydrous titanium

oxide is prepared by a process comprising

mixing a Ti(IV) source and a basic substance in an aqueous solution,
said basic substance being present in an amount such that said
aqueous solution has a pH from 6 to 7, to form a precipitate comprising

hydrous titanium oxide; and
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hydrous titani um oxi Ba&e ofectii®5 3Baget @ﬁ'07(l§1231$}2$g1¢f§%2(0()/7/0%)6210 ) 21

August 2007 (13.08. 2007) PCT/ SG2007/ 000

zU07/ 000221 recovering said precipitate. 21. The

met hod of claim 20, wherein said basic substance is a
volatile weak base. 22. The nethod of claim 21,
wherein sajd basi c supstance conprises ammoni um

hydr 68¢QMeringSait PrefiP¥RIB of any one of clainms 20 to
22, wherein said mxing conprises: dissolving said
2Ti The/method of claima0, ditférein swid dastoosubstance iSia volatile weak
solution; adding a dilute solution of said basic
subA¥@ince to said Ti solution; and subsequently
addi ng a concentrated sol ution of said basic substance

200TR&NLthbd ﬁg,éﬂﬁ‘l@’ﬂw ein'$fid HRshoshittandeatomahses

wher ei n sai lute solution conprises 0.1 to wt %
of amaiahibeshydrexidet ance and said concentrated sol ution
conprises 15 to 30 wt % of said basic substance. 25.

e Py L L

The net hod of an)ll__ one of clainms 20 to 25, wherein said

Ti (1 Wissdving saics TKIV)tsauses imadidified watet ifpriy ah solution;
titaniumtetrachloride (TiCl4), titanium o )

t et r afdding Rdilutarselafion of saidi hasic aubstanee tarsaigdijsolution; and

titanj mtetrﬁlnitrate (Ti (N03)4), and al koxy titanium
(Ti (é@&?qu%.y The nethod of claim 26, wherein said

titani salt is Tid4. 28 A solytion ¢ [risi -
L t arARG ABangenBared sqIQien of srid Repieeikian o R i T
met hog@forgny one of clainms 1 to 27, wherein said

titanium dioxide particles conprise titanium di oxide

F e e Birdntiam 2agiberetbaRdile SO Sofftsss 61 T 5
cl atyh Fsaitvbasiel substantead saidesoncentrated] soilition comipaises 15

particle sizes from 10 nmto 25 nm
to 30 wt% of said basic substance.

25.The method of any one of claims 20 to 24, comprising washing said

precipitate with deionized water.

26.The method of any one of claims 20 to 25, wherein said Ti(IV) source is a .
titanium salt selected from titanium tetrachloride (TiCly), titanium
tetrafluoride (TiFs), titanium sulphate (TiOSQy), titanium tetranitrate
(Ti(NO3)4), and alkoxy titanium (Ti(OR)a4).

27.The method of claim 26, wherein said titanium salt is TiCls.

28. A solution comprising titanium dioxide particles, prepared according to the
method of any one of claims 1 to 27, wherein said titanium dioxide
particles comprise titanium dioxide and PTC adsorbed to said titanium

dioxide and have a zeta potential of -60 to -80 mV.

29. The solution of claim 28, wherein said particles in said solution have

particle sizes from 10 nm to 25 nm.
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26 Date of receipt: D8teAlngerdit: B00igust 207 08.03 PCT/SG2007/000221
PCT/ SG2007/ 000221 . zuu(/ uu u22l 30. The sg ari & e/ V00221
claim28 or claim?29, wherein the concentration of

said particles in said solutionis from6 to 8 w%

31. The solution of claim 28 or cI ai m 29, wherein the

s?q°§r‘ﬁ§,%%[q%&h°&g‘iﬁ 3h 0 PSS sere 5 rahtibhion of Saia
i ESRM%%H's‘é‘?d“EoIgﬁBH id Frofb ‘H&"Bﬂhﬁ?l i de (Ti02) particles

persed in said solvent, sai ‘@ particles
conprising titanium di oxi de and peroxo-titani um

&bWDEsmlutKohTmt)claids% log ¢latim %ivdweretraﬂﬁetmrmeoimﬂen of anid

onpr.i sin .0X0- a o) dto Ti(lV), said
Tlﬁﬁ'gt gjﬁ'ﬂﬁaé‘gsﬁ@ypﬂés B!ﬂh% g"@e@ from 10 nmto 25
nm and a zeta potenti al from 60 to -80 nV, the

IDPCHMticH compesingai d Ti 2 particles in said solution
bei ng hi gher than 4 wt% wherein said solution has a

H of 33. Th | f
ol o 530 SRS AHZGT BE T on has o pH of about 7.
34, T | | 33., Wh

2 B HEL R TobLEb R Bl g . e
sol utdLicies c‘éh?gbrrﬁlﬁg’-u@fmtﬁh@ldﬂl@éanﬂhﬁr&@tl’@hﬂnﬂﬁplex

particles conprise ~anmorphous T102.. 36. The sol ution -
of arﬂ]"T&r)eactanrm@tcngalgzltwuesdlomi@r said BRCromprising peroxo-

Par L85 HonaBald AU S TR LIRNUAF bt Sizes from

activrfries 1n respon
|'i ght10 Brh toTXEnsoand amet@bomlabﬁem$Mom8ﬂm92th@ 36,

\é\gfege@rﬁc‘%ﬁ%ﬂgrﬁ) g gg{qnf Fg)lz?p%rgcleﬁf (?)/aasglﬁ so?ztlan {xteln% heigsher than 4
wit%;

wherein said solution has a pH of about 7 and is transparent.

33.The solution of claim 32, wherein said solution has a pH of about 7.

34.The solution of claim 32 or claim 33, wherein said TiO; particles comprise

anatase TiOs.

35.The solution of claim 32 or claim 33, wherein said TiO; particles comprise

amorphous TiO,.

36. The solution of any one of claims 32 to 35, wherein said TiO; particles in
said solution exhibit photocatalytic activities in response to irradiation of

visible light.

37.The solution of any one of claims 32 to 36, wherein said concentration of

said TiO; particles in said solution is from 6 to 8 wt%.
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