SCLUTI ON OF PARTI CLES CONTAI NI NG TI TANI UM DI OXI DE AND

PEROXO TI TANI UM COVPLEX, AND | TS PREPARATI ON FI ELD OF THE | NVENTI ON

[ 0001] The present invention relates to solutions of particles
containing titaniumdioxide and peroxo-titanium conpl exes, and their
preparation. BACKGROUND OF THE | NVENTI ON [ 0002] Titani um di oxi de

(Ti G2) particlesCLAYTION BFSPARTICES BONTAIRING M TARMDVESESXIOE AND N
a particulate formare useful in a wide range of comercial and

i ndustrial appli ERREXE-THANKM QMPLESS II'ES(HREBARAJAQN cheni cal

properties. A PTC contains a coordination conplex that has a Ti (1V)

ion and a peroxy ligand bonded to the Ti(lIV) ion. The TiQ2 may be in
different phases. For exanple, anatase Ti Q2 can act as a

phot o-catal yst, and a coating containing anatase Ti Q2 can have

phot o- act i vat edflIseDfOE TéHnIMYENTOPNrti es. A conventional techni que

is to formand store such TiO2 particles in a solution. [0003]

However , ntional processes for, produci such a_.sol ution have
sone dra\/\gi‘;@x .S lpr%pgefsewﬁfrbvr?nipa rﬁ'?&&@s%ﬁ%ﬁﬁ?{éa%‘gfﬁﬁpnmgr

6, 602, 918 titmiliehiioxge ahagserbratitaiiumedorhpleded, arbthelrgtepRaBon. | ssued
August 5, 2003. Ichinose discloses a process to address a conmon
probl em of other conventional processes - excessive heat is

generated during formation of PTC and Ti Q2 particles, as the
chemi cal reactions in the formation process are very exothermc. The

excessi ve heat WGR@S%@F@%@W?EQB}@WCI pitation, and thus

reduced transparency o solution. |chinose
di scl oses a three-step process to reduce condensati on and
preci pi t al0@AR] | nTitaréumi digxids ( €if).) pattideshaving adsarbsdiperorotitamidmi s

reacted with  hydr per oxi.d 2) to forma peroxo copplex in a
sol ution, céw&le&yer%‘g’ﬁ?} 'E@b%eﬂ'hﬁ@@{ql_%’r @Lﬂf?é@?ﬁ%t'mﬁ &'&8&3?9% he

sol uti on tomnRértlah aRE IR tHiAldPpheatid] IdtieGoRRE Y ABSiratBidpical and
precipitates in the solution. I'n the second step, 1 inpurities and

i oni ¢ subshearica pserertiesy EJ G eomtairnsea sovrdinasiontapreplpathataas a Ti(IV)
ion and a peroxy ligand bonded to the Ti(IV) ion. The TiO, may be in different

phases. For example, anatase TiO, can act as a photo-catalyst, and a coating
containing anatase TiO, can have photo-activated self-cleaning properties. A

conventional technique is to form and store such TiO; particles in a solution.

[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 (H202) 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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themfromthe precipitate. For sufficient renoval, repeated use of

i on- exchange resins is required. In the third step, the precipitate
is cooled and then reacted with H2O2 again to formthe final
product. It is believed that this process inhibits condensation for
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process is high. The process is tine consum ng. These factors, and
t he repeatFacesiiinhibits condensatinrmfor dwvoireasans: irinst éhe expinermid teactions

contribute L:ner : i on t dditian, the use of ion
exchange. Lol FERERURLEIHEOLAT B cldaRe Maseiowbritedi afls
reaction sfowih@bettehdisPpersicrrigise serhbealdf @enktdtid Pleat femPiet dotlitRm.
produced. The concentration of the particles in the solution is |ess

than 3% \WEEMd, inpyidties andianiesybgtangey indbsresetiangalutigmcan promote
conventi ona| al j I ril .5 typically forned
initiall y’@gd@ﬁéﬂ&%ﬁrﬁ?ﬁ%@? %%é‘&'tr%ﬁ“o%%n‘%du@#‘?%{é&%xhi bits I ow
photocatal ytic activity. To increase photocatal ytic activity, the
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catalyst is 2
[0005] Further, in conventional techniques, TiO, in the particles is typically

formed initially in the amorphous phase. Amorphous TiO, exhibits low
photocatalytic activity. To increase photocatalytic activity, the particles need to
be crystallized at high temperatures to form anatase TiO,. However, extensive
heating can cause problems or can be inconvenient in many applications. In
these cases, it is desirable to produce photocatalytic PTC materials, such as

TiO, 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 (H,O5) 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



partially renmoved by evaporation, to formparticles containing
titani um di oxi de and PTC adsorbed to the surfaces of the particles.
To prevent overgrowth of the particles, the solution may be diluted
by a factor of at |east 2 and aged before the evaporation. In

di fferent wirgli eidviad By1evadraBan 8 i PRFTIIES SontBMidd BtaARMh dididenN.
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in the presence of a volatile base catalyst, to forma PTC, diluting

t he sol ut i%h®P.% such@sdrora6.ato Fdast 2, resulting in a diluted
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cat al yst, ap ' f h Lk i t .
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such as ion-exchange resins, costs of production can be reduced.

[0008] Therefore, according a first aspect of the present invention,vt‘here is
prbvided a method of preparing a solution comprising titanium dioxide
particles. The method comprises reacting HTO and H,O: in a solution, in the
presence of a volatile base catalyst, to form a PTC; diluting the solution by a
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 orfrom 6.5t0 7.5. The
particles in the solution may have a zeta potential of -60 to -80 mV. The
particles may have particle 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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have a concentration higher than 4 wt% such as from6 to 8 wt% The
solution may be agitated during reaction and renoval of the catal yst.
The catalyst nay be a weak base. The weak base may be selected from
3 anmoni um hydr oxi de and am ne. The solution nmay conprise, before the
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concentr atpedcesﬁ ¢drprising nﬁlhmgtmfﬂ(b/) stuwbsd and @ basid b@bs’fﬁn@@lmém on. The
dilute solution may conprise 0.1 to 5 wt % of he basic substance and
t he conceAUsPHER S§§It'99 tgfomag WSH‘BF"??&%W%”@ ydigus Haniuproxds; and

subst ance. e dh\R iRk ik 8bRatEY hR RSO RsLt¥h ddisdR A REGnt such that the
aqueous solution has a pH from 6 to 7. The basic substance may be a
volatile weak base. The basic substance may comprise ammonium
hydroxide. The mixing may comprise dissolving the Ti(IV) source in acidified
water to form a Ti solutioh;‘adding a dilute solution of the basic substance to
the Ti solution; and subsequently adding a concentrated solution of the basic
substance to the Ti solution. The dilute solution may comprise 0.1 to 5 wt% of
the basic 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(IV) source may be a titanium salt selected from titanium
tetrachloride (TiCly), titanium tetrafluoride (TiF4), titanium sulphate (TiOSOy,),
titanium tetranitrate (Ti(NOs3)s4), and alkoxy titanium (Ti(OR),). For example,

the titanium salt may be TiCls.

[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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water. The Ti(l1V) source may be a titaniumsalt selected from
titanium tetrachloride (Ticd4), titaniumtetrafluoride (TiF4),
titani um sul phate (TiOSOX4), titaniumtetranitrate (Ti (NGB)4), and
al koxy titanium (Ti (OR)4). For exanple, the titaniumsalt my be

Ti G 4. [ 0Gaftidmhavsazdenpetentiahofasotttie80 aspeThe Partidies piBSRie
invention, there is _provided a solution prepared according to the
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revi ew of jthgiatigh '0@!:}?@[9%(91 (VPG \%]b%ﬁ:%,@em fic enbodi nents of the

invention in conjunction wth the accorpanying figures. BRIEF
DESCRI PTI ON OF THE DRAW NGS [0012] In the figures, which illustrate,
by way of [8Q&hbI eOdmenaspects and features of the present invention will become

apparent to those of ordinary skill in the art upon review of the following
description of specific embodiments of the invention in conjunction with the

accompanying figures.

BRIEF 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;



enbodi ments of the present invention, [0013] FIG 1 shows a schene
for the chem cal reaction between Ti(IV) and hydrogen peroxide;
[0014] FIG 2 shows exenpl ary peroxo-titani um conpl exes forned at
different pH values; [0015] FIG 3 is a flowhart for a process of

preparing [B0@BPar FIG) % & llowcharlio prepariey eyatarstitahivenogibesthent  of
the present invention; 5 [0016] FIG 4 is a flowhart for preparing

hydr ous tiRraeeSMPI&@e;in the process of FIG 3: [0017] FIG 5 is a
| i ne graph showi ng the relationship between the PTC stability and

the diluti ct ; L i I i

rel ati ons#?gq)& wg!aén ft’ Lsggéﬁé gﬁ%ﬁ% ﬁ@O‘N@S?Rg rggggﬁgﬁ@ﬂg%gfé%fg P]i‘Cand 8
are data atalphty sstdotiverdjlutibe fadtarsge i n wat er contact angle during
exposure to sunlight or xenon light, respectively; [0020] FIG 9 is a

i ne grap Wi n -ray Diffraction (XRD) .spectra, obtained fro

di frerent ORI ecPig- &Ha Biant SuRS b8 saptiphessp betweay el and e
graphs shoimgtiget or change of tile surfaces coated with PTC
particles during exposure to UV light or visible |ight,

respectively; and {0022] FIGS. 12 and 13 are transm ssion el ectron

ni cr oscopyl0 FIGRge and & aerdaiafareph s wiagtthe change fronatermpridater
hydr ot herrgﬂ

an. exonpl a9 REA BRbosup B ARt kerbh JehE RSP S M eus 1 Lani um |

oxi de (HTO and hydrogen peroxide (H2O2) are reacted in a solution,
such as arj0620jcouBIG.M ista tine geaph showihg XprasBiffractidn XRD) spedten base

-t i PTC). Wthout bei
fﬁrﬂ ggt t 59%5@585 ??o%&%?er%t‘sta%%lggq o??’q% Sét%%:le(s; ) o €l ng

[0021] FIGS. 10 and 11 are line graphs showing color change of tile
surfaces coated with PTC patrticles during exposure to UV light or visible light,

respectively; and

[0022] FIGS. 12 and 13 are transmission electron microscopy (TEM)
images obtained from PTC patrticles 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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particular theory, it is expected that the reactions in the solution
may include the reaction (Rl) showmn in FIG 1. Reaction RL may be
catal yzed by an al kaline, or base, catalyst such as amoni um

hydr oxi de or am ne. The reaction products of reaction Rl include

PTC, such [@924he PIDoEhitafizoyerokd grdups ard caiitils G mLEe gy ekt
form PTC poI mers, and TiQ2 particles with PTC a%f?orbed to TiO2 core
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less likely due to reduced chance of interaction. As can be seen in FIG. 2,
when the pH of the dilute solution increases to about 7, TiO; particles are
formed with peroxo groups adsorbed to the TiO, cores. As such, the particles
have high zeta potentials and thus good stability. That is, even if the solution
is re-concentrated after the formation of the PTC particles, the particle sizes
stay relatively stable. It has also been found that the pH of the dilute solution

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



stay relatively stable. It has al so been found that the pH of the
dilute solution can be increased by renoving the volatile catal yst
t hrough evaporation. [0025] The vol atile catalyst may be any
suitable catalyst. In one enbodinent, the catalyst is one that can
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Constant (3 SOGS0Y ASGR R oS Ak PRRREES ot fae fesUGUPYUPCESr
than aboutindtanb8OK&1 ce%] Egg&NaF@%SﬁEin%ﬁ%h o?f%hU?éa'énletr%H él@&%rg{)zﬁw&t rong

acids or cations, suc +or K+, are generally not sult e as
t he cat al ywles,Bbuasignificastly reducesditrecqphotdgatalytie ceaativity fibepaes present

roperties_Qf the resultin roduct. For instance + can cause
e bonbi naPR 88! GsaRgg dn P REEeEh sebPB ARk BARG Pugh 25 Agamoniiim or
si gni fi camdrhineriedigeq, it Rendthicesaad! t¥ tobnpleRpy tethdve the WESK basEor its
present in the final coating. In conparison, when a weak base such

as ammoni fANgigatafcifecationfsad, the solulion@ftendee paricles aredormedtfeory
renove t hesk%e?fﬁﬁeprgéeécée?% %ﬂﬂ*pggt%%raa%iﬂgfmﬁ hg{]g%%sgee i@ﬁﬁig?%{l r'ét-' on

after the particles are exanp
anmoni um ajonainatomkefféctnot cause significant re- conbination effect.

[0027] As illustrated in the exenplary procedure S100 shown in FIG
3, an ap | at nt of HTO may be prepared S102, and a
sol ution %ﬁgﬁal n?‘ﬁglpq%%@ecgﬁbthﬁf‘é(ev EW rgcg‘g‘t‘@ §£60 FEQWRAN Bﬂfépﬁ’r%'g
at S104. EhipropifBardurtibf M TAM2ARE péifareQlat 51902, Yhd! cribe
further bel ow FEv'ﬁl'he HTOu I s added )?o tph(gf\aso ution cont gllér?l?%g 202 and
the cat al yontzining14), amktheswlatlematalgstooay beyvepéredagiStaedheuch as
stirred t %rgbgl%%lo\r{%f% 'érrl;cci) thér ré%lu’tion will be described further below. The HTO
is added to the solution containing H,O, and the catalyst at S106. The
solution is continuously agitated such as stirred to dissolve the HTO. The
HTO may be added slowly to avoid excessive reaction heat being generated
quickly and to allow the HTO to become completely dissolved. The pH of the

PTC solution after the added HTO has been dissolved may be about 2 to 3.

[0028] The PTC solution is next diluted with deionized water at S108. 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.



HTO may be added slowly to avoid excessive reaction heat being
generated quickly and to allow the HTO to becone conpletely

di ssol ved. The pH of the PTC solution after the added HTO has been
di ssol ved nmay be about 2 to 3. [0028] The PTC solution is next

di | uted wi[00R%lei ofihe &T CradlatiominmayLf8dillted byas faugenoff Dtntdd.hatone

ol yrer | 2 SRR JBh ARG (FSHPrTHEE DEITTATS BiiReI o APALTGY erTRociment,
particles thé‘dﬁlﬂtﬁ fabfor'rﬁa%%?l%rﬁ hab e RuRGks rfldr o?%’uhmﬁﬂs 'tﬁ%t the

stabl e over a long lod of time, such as over a

sol uti on ivelumé of adddaxyvmtéraism’rtimés oéthd mﬁemeZOflibémnlbaltl?l'ECrsarmml
renoval of..the cat al Wmch descr | bed el ow. Even en
he ar ur DiulEh Gah SRt gt %Pgtﬁ“e Sy yeh Gis Tramearaand 2
stabl e. They @] gni zed wat er may have a tenperature between 5 C and
the roomtenperature. 8 [0029] The PTC solution nmay be diluted by a
factor of 2 to 100. In one enbodinent, the dilution factor may be

from 6 tol@@30]| n AnB1H&ra petiieniafdhe catalyss l%r&mw&ﬁﬁmmdherdllnmd BECf rom

vator is SQuphybl BlandRket. fhie s SR ly Rindtd rutB e, THEP

Di | uti on ¢ensslutighbeyoineenteaspatdit apd s 4 pel @u@bb@ﬂt?ﬂﬁ%n?é from
around 2 to around 3. [0030] At S110, a portion of the catalyst is

removed f EBHAdiBeRts; gt OﬁQOUtsZ)mﬂWBﬁUdQ)PFbV%!H@ﬁ #0mh,5 tar-p et fiem
sol ution iS5 apy BAlRE oY E{% §ftérttbé LP%qt}aHPHolval 6%&33%'1%%&9%?%%2% of

transparent  and has 2P n sonme
about 7 nﬁytoﬂncTIu&ieolphbnarha;ebe Bgettd aflowdt 8. &vaparater dwapordtidroofths.

The pH val ue after the riial noval of the catal yst be from 6
to 7I.o TheSQWF'Bplr%WOHﬁ§nga@dwu{‘geé’l inglding ary ¥'gpisrsubst a’é‘r’aporatlon

of the smtmmedre%wesfrd%ﬁ&ﬁ@sgut.gmhustf&ﬁhtahgg'm%us BM of &l @hblke

substance introduced earlier rom-t ut I , acilitating
the for maenddrapsparest £J1@ solatidnt Nafatiteweak tRIBEssoidadidn sustobatGll, €,
weak base

n ci ds has G- F  S04- 3-. and NH4, if .
present, %@ ’mébrg%w“y’ '?8%‘?@& By 89{9{5@?%%’6&?“%’9% by evaporation. A
solution is transparent when a naked eye can see an object or image through
the solution. A solution may be considered transparent if it has a molar

extinction coefficient higher than 1.5 x10° at 400nm.

[0031] The soluﬁon fnéy‘be stirred a‘nd age‘d until the solution Shows a
transparent orange color and the pH of the solution 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 gradually 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
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solution is transparent when a naked eye can see an object or inmge
through the solution. A solution may be considered transparent if it
has a nolar extinction coefficient higher than 1.5 x106 at 400nm

[ 0031] The solution may be stirred and aged until the solution shows

a transpasterihg @har@engqh@rsomdntvhw betbek trdrspeéntt indicdtipghhah®e t han

6. The agi ng tinme y vary dependi rég on the particul ar enbodl ment .
In some calBé Paq‘ﬁésﬁéﬂﬁ@eﬁpﬁ@ el st él'tzedbout 30 minutes to about 8
hours, such as from30 mnmnutes to 4 hours, roomtenperature. The

sol ution O?Lfo ltk%?asszfn%éﬁ fflingandt ﬁm\éﬁﬂ‘gbﬁtlf‘eder?rsot?%tiogwug%ﬁ‘gﬂé&thg he pH

of the PT ion w I NCr ease I cal

self-r ecovmlympnzatkssamme tispergi@k abitisesf tha T Gpartaw @isumell axnthe
confined |n t he tructure are rel eased gradually as the PTC
deconposest IWg‘?f rﬁ?@lﬁ’é‘ carried out at roomtenperature (e.g. about
18-22 C) or a |lower tenperature, such as between 4 C and the room

t enper at ur[eo34pi t Al isAD20H th@gr&B@ssﬁlsqmomé:ﬂrrooﬁ@v% prégar&pasi on of
the PTC particles. |t has been found that if the sol utlon is aged

wi t hout agllgsitated in FHggfegation will occur in the PTC solution during
aging. After sufficient 9 stirring and aging, the solution wll

wel | st ool PPORh Po6P P t9EshRk ¢ Afdad HraBRidite] AR WEERRRR.

sol uti on CHme atitified witer VTW tyerRyrivisat byoadéing d@ﬁame&wm bﬂQCIGtHdchtaS of
the PTC p color of the solution. [0033] At

t th
S102 in t ?él%%@@@ é%)é%@?gmmg watsTrd perempeepurae ke Tisoluiion: at ed
in FIG 4. Hogmﬁ I
:Ngt er for %y ro F}y3| Et %%Z C;‘,Csi fal\é)etc)iélV\gtcgrs'érgzlW ﬁ@g%sg?%ggmgélg}d@ieﬁ%ea
smal | anouhe reéctam)dtheusdhution maylbacem)kb@to 6 3e®perdtoraleelon st WaCer .

bei ng. cool b HER thele (s esaptB v ABeONEnt Eram LGS ok he-
sol ution @Meﬁﬂsé@@b@iﬂe&,othé Wh@éﬂh@lﬁ@\ﬁé‘teﬁbom SC.

[0035] The Ti(IV) source may be any suitable titanium-containing
substance that can provide Ti(lV) ions when dissolved in an aqueous solution.
For example, a titanium salt such as titanium tetrachloride (TiCl,), titanium
tetrafluoride (TiF4), titanium sulphate (TiOSQO,), or titanium tetranitrate
(Ti(NO3)4), alkoxy titanium (Ti(OR),4), or the like may be suitable. In one
embodiment, the Ti(IV) 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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It is noted that, in this description, when the solvent of any
solution is not otherw se specified, the solvent may include water.
[0035] The Ti(1V) source may be any suitable titanium containing
substance that can provide Ti(IV) ions when dissolved in an aqueous

sol ution. [0B687] ex#&iBh&xempladyadthbodifRint, £ YGikame bhké b Wblatile weak
tetrachloride (Tid4), titanium tetrafluoride (TiF4), titanium

sul phat e (PREséuyolaille haseanay hetastveatageossdn spme(ewBddimenis kesguse it

T, G Ly o R U R ER LT

the Ti solc¢drijogate Heed, oohertaminodiunef willhavél [669/br A0 WHOersereffdigs on
sol ution may \_/arty in different applications. The appropriate
concent r atthBritimgtegehqtagatalyic nepeitins 9 theriesyiingssalyieor RTEmRartigles,

for a giv apl i | I ' s o jon of
the Ti (I\/)%sgﬁﬁtéée B abhbe. FlrhREhet tni%qéllg%g\i/)vasgh%ﬁd%ﬁgtﬁn%oégltf)r%ke Wil l
be rel easembriveaiartlgeesolvat ibyrevapoeatismen t he solution is cool ed, such
as upon mxing with cold deionized water, no significant

precipitaty ccyrs. [0036] The Ti solution may be m xed with a base
Do ront s ailoBdel s AR exanplanbyalotia edkhats Ramreotat FOMeR e Hro
preci pi tatr%roﬁge[(ﬂ%@}-l)! Ot v@é‘@{'@éﬁs},’ sBBRRQIRINH2, rAay disbak Qsé)@.sﬁw
is a volatile weak basé. A volatile base may be advant ageous in some
enbodi nenttbedeltawing description, litds lagsemeddhat/Nt.BY iswsedrast thervolailee ak
base is us‘@?algggguse Its weak conjugate acid, such as ammonium wl|
have | ess {dverse effects on the ultimate phot ocat al ytic

properties of the resulting solution or PTC particles, as discussed
above. Fur[0b89] wheoné kenbrikehfisesdlstiorpbfNH,OH mbyayadued to the Ti

conveniently removed by evaporation. [0038] An exenpl ary vol atile
weak base Salutigfmdnfiite SoluteRgH NMOH yeRRe @edesiuet fat St hlr Aiie
bases, sucdh SR, I s i 0
descripti on,&lﬁ)trﬁfs aégdmnéggth%gte%ﬁl\l—uﬁe—i |%dﬂt}§gygggﬁﬁﬁépygln%t? e/° %ak
base. weight), such as about 3 wt%. The solution may be agitated such as stirred
while NH4OH is added. The addition of NH4OH in a diluted solution first can
prevent formation of large HTO particles. As can be appreciated, larger

particles may be more difficult to dissolve later.

[0040] Subsequently, a concentrated NH;OH solution may be added (at
S$116), until the Ti solution has a value of pH from 6 to 7. The concentrated
solution may have a NH4OH 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, NOs', and NH,". 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 yS/m. As can be appreciated, the
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[ 0039] In one enbodi nent, a solution of NHAOH nay be added to the Ti
solution. A dilute solution of NHAOH may be added first (at S114). A
dilute solution of NHAOH may have a NH4OH concentration fromO.1 to
5 wm%(by weight), such as about 3 wt% The solution nay be agitated

such as stélectidal adriduetiNtyéHhessordideds dEpenadsii ér e ednddnfetioh bf a

diluted solution first can prevent formation of |arge HTO particles.
As can be ARiged saedas svah gerionpisy thegokgionaang dhueit cagibrer usad to to

d I I t N t
00t bt HRIR PGS BoNeT o SAOESER. SRl P e
6 to 7. Thenmdefdrree@mblesmdm@ aauctiay-filtareg sediiridie, eereitie at i on
froml1l5 to 3C15 % such as apout., 30 % HTOw Il then form and
preci pi t at¥d&stoRe bygrerepos skifledimihet precipitate i s washed, such

as with deionized water to renove inpurities (at S118). Irrpurlties

present i "[Obh?.] SOWHE'V%EH@ypHeB@ttgfeemggeat (ﬂ%gteg e§e ngné‘?’t ffdrm éhé:

S04-, ere enove
until t he thmtlnn (@t Sd@@).alhre ogllechedl preeifite aoetairs isydrbus titamily dxids  of

d [ le i t |
b boesses e may Heoh e G oF § Seker e Braciifihhab Bt e rBtgR e
a - and Q@%cﬁé@a%‘ﬁ%@t@dj ¥inb &R REd Hredi hﬁe%lﬂ%%ve Reve B3P ®s on

washi ng é performed until the electrical conductivity of the
sol ution itBefidaliewduch an acceptable |evel, such as bel ow 20, uS/m
As can be appreciated, the 11 el ectri cal conductivity of the sol ution

s dependgghy tﬁ\? ST08 T PO s B10Y shWRTIP S?‘tﬁé T Rall g '”
nd e usea

t he sol ution, can l cat e eveq
concent r athlDy and tH@aevcﬁaﬂlletdawtystAtddyEde\méparemam any suttemevmdnnémFor

oy e Son SRS BR el oS eniGa RucErebR e o
col I oot od 'HHIBPASDRUOABTHC, KAl rigudss'bibof B stibihia, J Fimmonjum, |
t he for m dfydsoxid&el haamnmporiomphydroxids moay bemeplabed byrapl amatglsuch as
H,NROH, where R may be C,H, or another organic group. As discussed
above, in different embodiments another volatile weak base may also be used
instead of ammonia or amine as the catalyst. However, an alkali base such as

NaOH is not suitable as discussed before.

[0044] The 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 NHsOH 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 H,O; 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 S$100, after aging the PTC solution may be optionally

heated to crystallize TiO, to form crystallized (anatase) TiO,. For example,
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dried as a dehydrated and solidified precipitate will have adverse

effects on the final product. [0043] At S104 of process S100 shown
in FIG 3, the solution containing H202 and the volatile catal yst

may be prepared in any suitable manner. For exanple, a solution

cont ai ni nghBAORC 3BtBATASY BESTBledisd /Y BRADEErMAl trEbithée ta Helt Hid on of
H202 and an aqueous sol ution of anmoni a, or anmoni um_ hydroxi de. The

0
ammoni um HSRIFERN Wea trpPe@tyresTers @boby 98 ko ahpHe13eh. dhe haisbermaher e

R may be r ' : . ' i

o frer ont Toanins BRALASE f L8801 So Bitfes 10 PRI RE(S. TS Wiurdileral

i nst ead oftreatmemt af tite RMCrsvl@tior ihay prddlises Volatileveions sabhalskal i base
such as NaOH is not suitable as di scussed before. 50044

Th
concent r at3BMOGHUN ARG ﬁ‘_hlm"hnvtm@cﬁia%%@i%l&’l}ﬁmﬂ?dsiﬁd e&T Pfiﬁi%l% but
suitabl e rr‘%L&%ed%ﬁx p(h@'H%%gtrQE{nQ%é\‘twtl. Eéek{%@l%ﬁ@%?%d; gélbﬁl'é cgrt]icc))f\%ﬁ&'/ um

Is too hig r too low, the resu w
conpl et el yoeswdved from thatsalutemdy fuethee subporatioapsudh as ugingla rotami n

transl ucent or the PTg wi || recipitate. It has Eﬂe}gn f ound thatI ood
resul ts coYabera BFaRIGUE: AROISEUTRSAR HS: SHABPTRPA GRNGEMEYErE 5 e
the m xed §MstricRR duhfdLAMARMIY. @a?@sulﬁ‘%‘dtd&%ﬁdﬂﬁ orf fife FANi&¢kd

solution may be cooled to below 7 C such as wt | Ce or using a
cool er. TrubsEreshtheheH viakuedofstbe soilwdionmgy ichasgaduring eivaporation. In

concentratjon higher than 1 % .The val ue,of the um xed sol| ution
may be - ardaneO0fueisAte g ekl e B St S it ce

sol uti on rag preto@hemtal level. PERA, t & AbYISEESShALIN th&RxEmPiayM
crystallized (anatase) Ti Q2. For exanple, 12 the PTC solution may be

subj ect ed RrecesaiiocRdiesthe rH ehtheeRi Crseluioax by adding eitheri kasie er acidic
t enper at urg 4. t t rot.her nal - nt
may | ast f%rbs{a%{(?l?t %’H%%g‘ut’g@&?@ga’ﬁ’é’ﬁ&h%“ %gﬁ?és}%defﬁet H%ycgrﬂg?ﬂ%%@ &F
treat ment thé pahicléS B ihel sdiution may thewdudecreabed friom 2 a6 ontEn&dIghd &se
ammoni um i n the solutjon, which %re initially trapped in the PTC
particl es rgrgoncentrated solution can still remain stable:
[0046] The PTC may be crystallized to form anatase TiO,, either within the
PTC solution or after they have been extracted from the solution. For

example, the PTC solution may be deposited on a surface to form a coating

which is then dried and heated to form anatase TiO,.

[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 $100
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



rel eased due to the heat treatnent. The newy rel eased volatile

cations may be renoved fromthe solution by further evaporation,
such as using a rotary evaporation technique. As discussed above,
evaporation can renove volatile substances such as ammonia. As a

result, angndepsagimer gslatibe. feiERMRSEN BURTHRAMCRS paritde BIZckah Wee PTG he
sol utlon may change during evaporation. In one enbodinent, after the

hydr ot her glutionererelativelapal aucb msdass tm& nm. Hé&egacioss thaisanr al

| evel .

b st e parigdeed ERRRSato bARRICH TR Biiclh S BRRES .
subst ance thelr sohcéntrationAhttee sbhtiohyThetdren fadrtitle ste@istusedigerein
concentration of the particles in the solution may then be increased

from2 t o reters torihe %Yﬁfagﬁ@'am@teé@ﬁm%%@@é g & Qﬂﬁ'@‘l‘iatﬁarﬁ\sstf‘?lﬂam@ﬁ%u n
stable. 9046l TAGLETE. T BRIl Ol ARG ThOR

ei ther withi ol ution have n extrac
fromthe Sdiameteri.refeos to Haeaavzbregetdneﬁ@if@sdiauﬂeten Aregffdativeapamictardfon

f
ot ase. Ti2030nBBBMA Parieis e dmelercal cosnhisrcal ARG bt 8o e 0o
can exhi biggnid ghlunfhas Br2hdh- lébhén@é?fd'lé%éﬂe‘?sF%nF(%{ anfieMBdRe %I?{C

particles formed in the PTC solution can ex t phot ocat
acti vi ti esnanhaes [matdisesbapes.ddivdiiclonass, the glarticles oy heveldizés ght .

However, surprihsin nd will be further discussed below, it has
been di sc&\%’é’ﬁeggtrwgw aZ’&é'h?@Wo% % ystal lization through extensive
heating, the PTC particles forned according to procedures S100 can

exhi bit si[ge49] caAs dilussed edblaghefdteoalugict the PAC SyldiiewRidyilsé ty,
al t hough the self-cleani ngheffect may be weaker than in anatase

Ti 02. Thuddiusteq Sy gontrolingdhe sxtart of ﬁaamr@n@@ Bichraedingting thept i onal
and may b%tl%glr;{ht S b%p@r@ﬂ{)h‘ﬁﬁ)é ng [‘{Yﬂ%ﬂ érle\é%eg?ﬁé k88cd ration

undesi rabl e I nconveni en e s utlon prepar e
above can df@Tg paﬂntle‘san taelsellmbnvAIsplutlomriga\mg aodlatitzeltyihigh such as

f d t re t hout s i ca 13 conde satl n
or gel at  GARCHRNRIAN G RCHEeTSHe B BHRE INara i pe s Pt ABL

In some embodiments, the concentration may be as high as from 6 to 8 wt%.

[0050] Conveniently, the PTC solution can have a neutral pH value without
using complicated and costly ion-exchange resins. Since the use of ion-

- exchange resihs can Aintroduce contaminatio“n into thé solution, when they are}
not used, certain potential contamination is avoided. Less contamination can
lead to improved stability of the PTC. The 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 8100 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 patrticles 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



solution 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 the solution. The term
"particle size" as used herein refers to the average dianeter of the

particl es ddiexteRdr surfadedtdT bulding8ETRECbEBh@Smaybeledy {d QEARbAd TRy
have non-spherical shapes and different sizes, 'the term "dianeter™

refers t 0 hengelkoleratie as ther P Betnariiclas érh’éIGef]anﬂN@ aéemTqaéalmigrﬁeer hof
has tha. - Soha s dhke o bl Al TREln BedaBPatich e s fEhsFe <o

particl es coatimjghave | eaf-1ike shapes, in which case, the particles
may have sizes of about 25 nm by about 10 nm or less. [0049] As

di scussed e, the pH value of the FIC solution nay be adjusted by
control i 4§8§Z1e eIﬂ &%8@@@%@{9&?%@, SRRt isnod degetsary to gdd H20:

strength i & Ll | e
concentrat o op LA § |<Fior rletRERHD R oSSR S hBRge: g a
rel ati vel yetingh Ascanesii, tlesequrooédEE tpke tassitimse te oomphte bindlwe lédsan

4wt % be obtajned. | dj . th tration r
e as. i GIPRENTNBIP GBTE: B SAMOAURE] MNGoRDEREATPSEoR s RS tRT on
can have Fupher! a4 HTID YAl ¥EONErE dWly bidBloRPtdRIRUI 6~ fthiRACh &R oY

i on-exchange resins. Since the use 'of i0On- exchange resins can
i nt r oduce tieemithaiting foswotental rénorslenaaiionis linhited. Aseyilldreefurther used,

t ai . i t i i i i ded, L . t i ti
Coad to | ralseat sBRR TR Bhnicesbnties abSHRey BFAT Rl RResS”
sol ution nray rblativelpasabledelash When 118 donRedrrttionl of HTC bartRidd isGbREively
the solution. The particles in a PTC solution prepared according the

pr ocedur e N EUSARRigBerthaathWtpRENshER 12 8M¥m - 60 to -80 mVv. In

conpari son, the zeta potential of a PTC solution prepared according
a conventi pr | Sy = i ndi.cati &1 gl il cant
cont an nat oo} P ePRE EudtinBhls SR predh MhrontoR Sreataii hsPirks

phot ocat alwith thedotlowingynor-@&ibp dxanswles. appl i cati ons, the formed PTC

solution may be used directly. In other applications, the FTC

particles [6851](” HEQAWIEE?? in the
[0055] Example l:

[0056] Hydrous titanium oxide was prepared as follows. Initially, 5 litres of
deionized water was provided in a container. The water was ice-cooled and
had a temperature from 5 to 7 °C. 33 ml of a solution containing 36.6 wt% of
TiCl4 was added to the container. The TiCl, solution was obtained from
Sumitomo™ Co. 200 ml of a dilute NH4OH solution containing 3.0% of
NH4OH was added to the container. The content of the container is mixed by
stirring. A concentrated solution containing 30% of NH,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 phous phase, may be extracted fromthe PTC solution
before use. The FTC solution may al so be used to form coatings on

surfaces, such 14 as exterior surfaces of buildings. The coatings
may be easy to clean and may be self-cleaning as the PTC particles

in the coawmem@r@\ema@C@t@émhmed%utQ@X,Id?gor@mcbzepé@ibi&d usi ng
any suitable technique such as spin or spray coating. [0052] In the

exenpl ary rocedure S100, it is not necessary to add H202 nore than

once and i[POPE nof Mixed $ohtipnaf NideDHraNd @ A8vel sodutiaserniaiping 3ewi%s.

As I

xpensi ve o S0A Ty ERSEE TS B%d SRubh el BuEe e eI EuaE™
earlier. %@rmﬂmr Th@SﬂHE@MIdﬁZ\QQS &escouley abtatiget. TheeiT®cakewas
limted perlqﬁﬂ the tipe for potential recondensation is

limited. Itp 'E‘)%n?'%ﬁ‘i ﬁ%lHt'OGuqust%@laﬂéaleﬁﬁs qffilee palkee yeare iagded one
pr epar ed C&Hé“ﬁﬂ&ﬁé%qh%ﬁ%@%é%éﬁ? ad¥ef 4l  @hd éﬁ%v\’of#} }%s haQven

when the concentration o particfes 1s re ati such as
hi gher t haombleiety dinsolued tAd t@aiv®s2 HRIHS l—ﬂﬂ@cak@mﬁsrwdl‘esi onhdﬂheal
present mvgﬂtlon are fﬁrther illustrated, with the foll

non- | i ni t SAEUGRANGT EQ0Ief HisE iceARRIREIn aloyiempetalms an WaP@@'SfGF
Hydrous t Eéﬁ@fé%@&f@@e%ﬁn@fr%’%fe%@ o?énéé’bh’@‘"@olut’idmtvhﬂ&ll\ Yad2 piiofes

of deionized water was provided in a container ter was
i ce- cool e@rawntl 2i29d a tenperature from5 to 7 C. 33 nl of a solution
containing 36.6 wt%of TiCO4 was added to the container. The Tid4

sol ution m Sum tonoT"' Co. 200 ml of a dilute NHAOH
sol ution I@é?% ni ngfrgp[%ﬁ NHAOH was added to the container. The
content of the container is mxed by stirring. A concentrated

sol uti on @mtﬂi ni D lgfeBéﬁﬂbeTCI’dblﬂﬂdnmrbfmepamad a similahproveduee asr
on |n the container had a pH of about 7. The

until the mx ﬁ%éé
m xed sol GEFGh E? iny Bxampplet la pregPtipg aPHPOBWHhBY‘H'Pth@d?ﬁWC@HBéF'% iy e
unti | mixed solution was changed to 0, 100, 200, 400, 600, 800, 1,000, 1,200,

1,400, or 1,500 ppm respectively. Further, two PTC solutions were prepared
in a similar procedure, but the ammonium hydroxide was replaced with an
amine, ethanolamine (HoNCH,CH,OH), at concentrations of 500, and 1,000
ppm respectively.

[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 NH4OH
concentration. While in one test, the sample solution with 500 ppm NH;OH
showed precipitation, it is believed that the precipitation in this case was likely

caused by experimental or procedural errors.
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hydrous titanium oxi de precipitated. The content in the container was
then washed with water until the conductivity of the liquid content
reached 6 to 20 NS/m as neasured by a conductivity neter. The
precipitates in the container were separated fromthe liquid content
to forma rqus titani.um oxi de cake,, 15 which wei ghed 94 and

cont ai ned Gﬁxg 3oﬁggctgg}cpacqrpt(@%qftq@mg;ur{\ GEHISIA ni xeg sol ution
of NHAOH dnd a I2Z m solutign containing 30 W6 of H2Z0Z Was prepared
In the m Xxed solUalalyst t he gohergarance ohPoC NHIDhe fearssol @b todracomee
m xed sol ut Comceataiiae{ppmo) ed andSehitioned. The HTQleake wdhou@jded t
t he m xed (selution—slowly—Small pieces of the cake were added one
by one. A|subseqNgpbHpi ece Was only added affter the previous piece
had conplietely dissolved. A total of 12 g of the HTO cake was added
The final | solution was coolled usi&gaajxlce to jmai ntain aigw
tenperature and was stirred| for a hours, resulting a clear
orange PTC solution, which Had a pH of around Z.25. [0058] Exanpl e
1 [0059] |DifferenQ PTC sol dti ongafelieent epaJr ed in a sin@far

pr ocedur e fas—described—inExanmpte—t;—exceptrthe—amontumhydroxide
concentration in tige m xed |sol ulransiusest changed to 0, =194, 200, 400
600, 800, [1,.000,—1 200, 1,400, or 1 500 ppmrespectively Further
two PTC sol utions ygre prepdred 1 hAs@cahim | & procedure,gbut the
ammoni um hydr oxi de was repl aced w tﬁ an__amne, ethanol am ne

( H2NCH2CH2 , at ncent ratji ons of, 500, and 1,000 ppm respectively
[0060] It |was foundthat the concefPhtion of amoni um i‘i} the m xed
solution had significant efffects on the final appearance of the |
solution and the 100ne requijred toCtasrm a cllear sol uti o™ The result;
of two sertes—of—tests—are—respeectivety—tsted—+n—TFables—+A-and—+B—
As can be|seen fregoTables I|A and Cldar it is| possible tagzobtain clea
PTC solutiton with up to 600 [ppm NHAOH concentration. Wile in one

O

\*2)

test, the sanple gghution with 500-pymn NHACH 3
400 Clear 3
600 Clear 3
800 Precipitate (Did not turn clear)
1,000 Précipitate (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 precipitation, it is believed that the precipitation in this
case was likely caused by experinmental or procedural errors. 16
Table I AL Effect of concentration of anmmoni um catal yst Catal yst
Appear ance of PTC Tinme for solution to becone Concentration (ppm
Solution clear (hours) NH4OH O Clear - 24 0 Translucent > 24 0

Transl ucentabledn. 3@ﬂécﬁ@$b§ﬁ@éﬁtr&ﬁ;on&9d¥hﬁ@hlﬁn hg%xiaeear 4 200
Clear 3 300 Cear 3 400 Clear 13 Cl ear 00 PreC| pitate (D d

not turn ¢lear) Pr eg not
Precipitate %‘?ch 6@-‘; § CEE%f 9&’80 le\Jtv:HJ %lc tcﬂrPTC
clear) 1/6 @@i {'PHt e ounrn ? 5 CHZCH U¥H A eaf
3 1,000 Preci piPRFE (Did|not turn clear) "{RPHAbl e I1B. Effect of
concentrafion of annoni um|hydroxi de NAJOH Appearande of NF4OH
Appear ance of PTCO Concent|rati 6He®TC Sol ut i @0Concegnt r ati cCléat ut i on
0 Translucent 300 Clear
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] Exampile llI

[0062] A PTC solution was prepared as described in Example | with 300
ppm of NH4OH, 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 |, 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



(ppm n (ppm O Cear 300 Clear O Translucent 300 Clear O

Transl ucent 331 Clear 132 Cear 331 Cear 164 Cear 331 Clear 189
Clear >500 Precipitate 240 Cear 662 Translucent 250 Cear >750
Precipitate 257.3 Clear 1,324 Gel 265 Cear 1,500 Precipitate 265
dear 1, 50fhdamaediFTas %lufr@@@%r@éﬁﬁ@&i %nb'dgeb%@%nﬁeﬁ&@ré@'ré’?dr@td”as
prepared as described in Exanpl e ppm of NHAOH, except
that the f3 hawrsséhestahilityms Oégeﬂ/edrttam@ar@tqwcrﬁthgse solutiers aterssimied

that th | ut d t d th
Sotut i on HELaang fe Mok i FIE Stk nBEL AR B Frdn A i
sol uti on wWheghilityl ft wadrbbRRe&E thaahsrdthe. dnmaﬁ?ﬁéctﬁmrmbﬁ‘gre‘étéroﬂ@] PTC

solutions were prepared as in Exanple |, with 300 ppmof NH4OH
the m xed dilbiast selutionEReerPEcostmsiebeleanafterssitiag Podaging. tﬁurther

dei oni zed Q%EW%e%ﬁehqﬁrtgﬂg ngubﬁi@w CleOloentratétt affer éira&iﬁa&é&gﬁj aéL °

respectiv O utrons were Stirre

room t errpethan*elrcent@mtra'ied goltiohagenminddheass@dreht dbyerafmebser ved
transparency of these sol utions after stirring and aging is shown in

FIG 5, [ y-val ates a higher stability. |t was
observed HAESTincApIEr SINGEICRC el Was resrg] asebovertls & divire
sol ution BeeRFBf 4Ry ﬁraelazg;ee'é%aerte?ﬁéé%tuﬁé'or BbBgt @ﬁé .ﬁ%' rarigerol A6 -
even when the diluted solUtion was re-concentrated after stirring and
agi ng, two weeks. The transparency, pH values, and UV spectrum of this solution

were observed or measured daily. The results are shown in Table Il and FIG.

6.
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the re-concentrated solution remained transparent over tine.

[ 0065]

Anot her diluted PTC solution was prepared as above with a dilution
factor of 4, and was aged at a tenperature of about 4 Cin a

refrigerator for
spectrum of this

bet ween pH-and Qpti cal

two weeks.
sol ution

The transparency,
wer e observed or

pH val ues,

and W/

nmeasured daily. The
resul ts arrallednREeRtidABHIEs bletidsh EHCémd Optidd Frabkpids! -

Prnnprr|pq pH Col or Transparen

Rel at i onshi ps
v Peaks in Peak

wavel engt h B ac
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Transl ucent No s

trun1( 0. 6
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harp peak 3.

TRk

90 Light oran
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Exanpl e V[T0067]
IV, with a d.o%

to be ver)—sl—acble_

the diluted sopy
treatment \was sp

covering the sli

A
ti orRécotangeof
_and-__had_a_

‘@réhg t g

/ed on ass
The haze

ti
ra

UI I ut BU PTC¢ DUI Ul.l OTT—Wda

pH of around

Sl ramsiusent |

Pl cpydal UU asS I i I:}\CllllJI <

ut Bwlo i3eaks ol

7.8 [0068

uti 897\8ag8f oun

A pnr'rinn of

e"l"}ﬁa§l%éﬁ’t°t

slides to f
| evel of the

ed
orm
coaling was about 0.6 to

dr

NPshdp .

bt her mal_
ng

conpl etely

0.8, which
The coati
coating on a

n\é\%z af

Seco

de‘s.
l]J.TI d accordi
L aLpngR

nd slide wag

i to the ASTM st andar
wadanglyeent ¢ o

om t BePer at

dried at ro

earpr

1 (D1003-95).
B0 mi nut-e.
Ir e.

The
The two

coated sli
5.80

deswere

then
Yellow

Cloudy

One peak

245

6.70

Pale yellow

Translucent

One peak

245

8.37

Pale yellow

Translucent

One peak

245

[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 of around 7.8.

[0068]

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
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exposed to sunlight and light froma Xenon | anp, respectively. The

water contact angles for each coated slide after different periods
of exposure to sunlight or light fromthe Xenon | anp were neasured,
and are shown in FIGS. 7 (sunlight) and 8 (Xenon |anp). The di anond

poi nts 1 eEeRsAN! uhEatE@ RIS .OThe trid@gld pSihts Hé%?éﬁht Slatdidr ARHdL Ehtrol

square points represent the data for the 20 second, unheated slide.

The tri angid@peiskigs, whisheawlbhe descrbedpelow ini Examplenyk dis shearpineF1G.

7 the vare$ Rt RE P8t Bubao Rty SResIRGbuRRE: o
sunlight foobothahb firsteard sedondnglidesciead sHdul 697 of BBEVERPBéIoRLatsut 5°
above to bel ow about 5 after 50 m nutes of exposure. FIG 8

si i | arly aiesn8 minates olexpostre. G- 8simifarly shows aidhe matenargles in i
f Aot
SLOTL CaTi e EHeARaUbe SRAHNF Sl abBies R8s oA frafaRn ALe

super - hy drshphin, both yeatbti emdalithgated eoating serkpaesusxhibildtesulsssantizs
i ndi cate that .hot necessary to heat the TiO2 coating to obtain

subst ant | aﬁup%bwro gty SHET ARPYOnerRow exppseiEg-ckhe Iesults jplicatadhatit at
room t enpes AbHHE: s%aHPﬁJSh%t‘?he Tid) béatﬂ%@étbbﬁ&)ﬁ%?&ﬁ shpat the Ti @2

in the PTC partic es I n the unheate coating were In the anor phous
phase. Heéwdrop&ahmﬁvnifhlssndleaMdhabapndmﬁon |a1hgoomrtattnaeeattire08 passkilag

was.subj odt BaPEraNi St RERRL A% TEipHERE TG Pagiskes BriG shEaBhour o
The pH Va'c@@ﬁn?ﬁrvetr@@n 8 éa'hb@dhd&&%r&as@ﬂeta%ﬁgtrﬂéﬁﬂ lggmebﬁéd Ifﬁargcsr%nelthgal

treat nent and the neasured val ues were ) )
2, 4, 6, mtaﬁawm}zsrrwmqlédtfh@ﬂtforpesﬁmf@capn}l@ayon XRD spectra wer e
aI Y] obta| ned at these tine intervals, which are shown in FIG 9. As

shown SQ@?%]? ?p‘?@@hu Y IQ'PC soﬁflro% \'If% su@%fzﬁ%{até fc?rgﬁie?r?val but there

no pe con roI sanpl e eak al so

| ncr eases tiatrent hie100°€afomepttots heursThike pebkalaés 28the étﬂu’eﬂon Wléretat es
he f f t 70] After the hydrotherm
L eat ment MeHioTed Sioa 16 R ioBierEr IGABENLAnd the mbasared values were

8.5, 8.9, 9.5, and 9.6 after 2, 4, 6, and 8 hours of treatment, respectively. XRD
spectra were also obtained at these time intervals, which are shown in FIG. 9.
As shown, there is a peak at 20 = 25.4° for the heated samples, but there is
no peak for the control sample. The amplitude of the peak also increases with
the treatment time. The peak at 26 = 25.4° indicates the formation of anatase
TiO,.

[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
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removing water fromthe solution, using a rotary evaporator. About
two third of the water in the solution was renoved. The concentrated
solution had a neasured pH of around 7.2. [0071] A portion of the
concentrated solution was sprayed onto a ceranmic tile surface to

forma CoaﬁdHﬁ%adE’\Wa%léhg@\ ST ®UORRD RTLPSNEAdedIE ofc8 O/ SAAP! e
was heated at 450 C for 30 m nutes and the other was 'not heated. The

coati ng washichayeresveasidediusingne spgttemeadipmieterandge by D Contsie™ Ltd.

. | i.rradi ith
D ackl 1 gt (e BcfonAngR(KERREC SR b B utndes Biiiees vas
noni t or ed. unieitéd/sadrpld ghd dRmtbrdsRY eheeRSatedfanddle), tfortPRitA Feddits?

power density of 1.5 nWcnR, which were nmeasured using a_
spect r o- r &NtBiReEdrormadRoNiRe! Samokntliobtel BAURIeE) anthiwor eyUPaRsAsT saypples

change (Aﬁéisra{eg a%laod@?hégygt?%g Bl 1hd gﬁrgljrr]cgssve\); ! le WK nc?igb%g%fg/ﬂtﬁga e

and di ano or the anple), a resul

from a corRTOlpasicips,ear(d theldoatiparipoar sz plas dvdragoattdaith &1 093TRb)es
(circles an arak squares). Here, the control sanple was not coated
with any %ﬂ(iitps ChEP &0rPad@PameAs ShpWRI tisrcaating Bifarep of beth Berigd: h

TK100 (1 ¢ gﬁﬁ&o : Vi : k00
surfaces (ﬁndb;é)%%ggfé Ianﬁﬁﬁgﬁ%%gz%ﬁgacﬁgﬁe@%g i @?ﬁ%&ﬁg%gg | (IZVGCO| or
change, i miatatatalytieokiciasion eeagthvityy ot tHeatyating. oxi abat parisone et control i n
the coating. I.n comparison, the contrgl sanple and conpari son

S oo, TR IPATC RN SHRtD SAERES SXhRSASRICh Bsparangen €008, col or
change during exposure to visible Iight for the heated sanple and

the contrqoosam! i FFG.SO\Wdloriddafge idifingi exdpbkard iodibkaiight ¢t thened by
using a cut-off filter. The results showed that photocatal ytic

oxi dat i on hasied saneikiany the comrel sanyie is showe. staipl becdsibleright was

pr epar ed i A | ' e i ti whi ch
e sur pr i aaged st AT ERRIEPT The 3tp HE RO ERE ot el Lt e
exanpl e, faxidationosles intiicedmby visibRAGINt Ththecsdraplet daitigds poepdredn was
diluted again hy a factor of 100, |nages of the solution were

obt ai ned lpsqc;ﬁ@dlég RN sErkdMgR obihedrrepamt invention, which was surprising.

This means that it could be used indoor, for example, for de-odorization.

[0073] The concentrated solution was diluted again by a factor of 100.
Images of the solution were obtained using a TEM before and after the
hydrothermal treatment, 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 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] In 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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hydrot hermal treatnment, which are shown in FIGS. 12 (before heating)
and 13 (after heating). As can be seen, the particle size of the FTC
particles shown in FIGS. 12 and 13 are nuch snaller than those
prepared by a conventional technique where the dissolved PTC

particl es [0076] pr & d@ad&idroPT EnguilitinisreparatPatcorélg a BefaiiftiohBE heat
treatnent, the shape of the PTC was not_very clear. After heating,

t he shapedeganriade )as eFatethenEraagastide| B hazalevehel e qoatingwasand
had si zes : ' i [

'arge eateRIE] e Sl at By BRamBUCY, MAfh R4 RuBEROERERC
was found tohaf. t he product solution remained stable even when the
concentration of the PTC particles in the solution was up to 8 wt%

[ 0075] EXx VI _( Conpari son) 22 076] A compari son PTC sol ution

pr epar ed iggk?hl n&“ﬁ cEghroeMm @ﬁ%ﬂco[r{%%qr#mg&e&oﬁg Wrbreaker %mgle@ I8ss
slide. Th 3! I | as
i Bxanpl % SAVANFEISS, F MR RiaRGckETs SRATIEE yidte! Ryae ey
change i n digitnet changeantuchrajtes abotit 50 eninutesexftexgosargioesinlight, and@ven

hown in FLGS 7 ,and 8 (triangl hown, th
angl os. aitRaeCu Al et 1F R mBln S5 niates "of “exposure to

sunlight, and even increased after exposure to light fromthe Xenon

lanp. [ 00]6!)7? heOtheefetfres, hargitd had addam@yasopaesedbotitgents
enbodi ment s escri bed herein not expressly nentioned above can be

under st oodGSCERed fiesein es expiesslyrmanirnaskakp weaiy be pipderriged &rm thig
in the ar tdeskﬂggc% aﬁ@%é:amvﬁ%%bgfth@?é:gkiﬁ@% g{@g]c cited above are

hereby i ncorporated herein f'erence. course, the above
descri bed enbodi mrents are intended to be illustrative only and in no
way | i m ti[Ag79]TheTHesonidmntsl obebcil referdreearited ahuveepeilareby o many

nodi fi cati.ons oftégrnl.arrangenent of parts, details and

incorporated herein by reference.

[0080] Of course, the above described embodiments are intended to be
illustrative only and in no way limiting. The described embodiments are
susceptible to many modifications of form, arrangement of parts, details and
order of operation. The invention, rather, is intended to encompass all such

modification within its scope, as defined by the claims.
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order of operation. The invention, rather, is intended to enconpass
all such nodification within its scope, as defined by the clainms. 23
WHAT IS CLAIMED IS: 1. A nethod of preparing a solution conprising
titani um di oxide particles, said nethod conprising: reacting hydrous
titani um oxide (HTO and hydrogen peroxide (H202) in a solution, in
t he presenV&lAT ISICLAIKED ES:base catal yst, to forma

peroxo-titani umconplex (PTC); diluting said solution conprising said

PTC by a fachaheffodedf prepatinga soll@R ddrigridifg BtaMiliiiekige bukipss
conprising said PTC, and renoving, by evaporation, a portl on of 'said

vol ati |l e cat éﬁ@d@efhodrﬁ%m@m@il luted solution, to formparticles that
conprise titanium di oxide and said PTC adsorbed to said titani um

di oxi de, so thakac@idh dr@@bfﬂltam@ﬂﬁ%ﬂld@ HT@) And HyHFdqth PérdxrIeH
about 7 and is trans%air‘/ent . The net §10d ?)f cl g{l@mdl%{h whe?(el n sa| d pH

of about 7 is fiR@s@utipR,dn Bwespressncar@éarv@ﬂaiwbew chtalyst.1to famareei n
sai d pH of abOLBeeré 3t§nﬁlﬂch>r\?pI%9&5T§&. 4. The method of any one of
[

clainms 1 to 3, 'conprising a d solution during said
reacting and a ting. said.diluted sol ut du sal renpyi ng.

5. The net hod gif"“ﬁﬂ% ngse Syt ﬁ?rﬁlﬁ’r'i'ngc?a!fi B&Qe?%?gg%ﬁﬂ b‘?ﬁﬁ&%t is a
weak base. 6. r@@@ltnﬁ”@‘iﬂﬂé@!llgfedcécﬂht"B@coWﬂﬂéiﬁbnsa‘kﬁPq'ON%%ﬁ base is

sel ected from anmmonium hydroxi de and am ne.” 7. The nmethod of claim

6, wherein sai bout
50 to about 600 omack ®0 SAPBIAERD e SRS G SO AR RS ight D
clainms 1 to 7, dilotst$autian, dodid)nnmgastmleis halt oomprise tifanidimedioxitib ethdof
any one of cl ai id solutjon | tog]Lted t,g a

wh in
t enper at ure belsgl\;';%j égbfﬁ(?@éb%igqe)lﬁ%dgg?'d“Fb%'@f('idﬁgSO hat, after sai

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

2. The method of claim 1, wherein said pH of about 7 is from 5.5 to 8.5.
3. The method of claim 1, wherein said pH of about 7 is from 6.5 to 7.5.

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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24 10. The nethod of any one of clains 1 to 9, wherein said solution
is cooled to a tenperature of about 7 C during said reacting. 11.The
net hod of anyone of clains 1 to 10, wherein said diluting conprises
diluting said solution by a factor of 2 to 100. 12. The net hod of

anyone of 10.Fheeméthod o’lan,nyWth@ﬁ dait® 11610l wherdn eaiPsdl§esn istidaidd
said solution by a factor of to 15. 13. The nethod of any one of

clains 1to @26%@@@@@10&@@1@' [ duAgg ssifhreastiBgd. addi ng dei oni zed
water to said solution. 14. The nethod of claim 13, wherein said

dei oni zed .gﬁé rﬁéﬁ\o@ c}f%’ﬁ?/ﬁr@& c:,?am%eﬁ W??q 4\§/9ePe|W séﬂ%ﬂﬁlﬁg&%ﬁﬂ}r}%@

15. The net any one-o ns 1 to rising Sai d
particles tdiltitorgrsaidsohdionThyCR factér ofThéo ned.hod of any one of cI ai ns
1 to 15, conprising, after said renoving, heating said particles to

a tenperat from abouyt 90 to Qut 0 . 17. .The, hod of claim
6. “wher oi 12-SBP g1 PA & a0y anecotRaiT Fo TpBeieBeIc i hDE SO sgsu
10 hours. 18d|IJﬁ}fg §5HReMtRNh Wyfém@rgmgd%rm 1to 17, wherein said
particles are heated in sai | uted sol ution. 19. The nethod of any

one of clains 1 to 18, wherein said evaporation_ conprises
evapor at i of8- dhednethodiaf @wenedfialaiors 1 & 1abeberedosaidmituéisgceompsisest 4

hours. 20. ngd@t&qgn%dwe%esa% S@'yﬂém 1 to 19, wherein said

hydrous titanrum® oXi 4e=7 & prepar ed process conprising mxing a
Ti (IV) source and a basic substance in an aqueous solution, said
basi ¢ substdaiibe rbethod quomems iwhexsinesaid niicichicdd Whigdr e @Iteramteﬂns

sol ution has a pH f 6.to to forma precipitate conprising
hydrous ti taHPWﬁ%é ég]angﬁaorygemperature

15. The method of any one of claims 1 to 14, comprising heating said particles

to form anatase TiO..

16. The method of any one of claims 1 to 15, comprising, after said removing,

heating said particles to a temperature from about 90 to about 130 °C.

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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recovering said precipitate. 21. The nmethod of claim 20, wherein said
basi ¢ substance is a volatile weak base. 22. The nethod of claim 21,
wherei n said basic substance conprises ammoni um hydroxi de. 23. The
met hod of any one of clainms 20 to 22, wherein said m xing conprises:

di ssol vi ng sai dreko(é&nf gglurmr@mlpna@m d| fied water to forma Ti
solution; adding a di%ute solution of said basic substance to said

basi 0. subst ke TeTat ol ek o BhiehPsda SRES AR B toiafif da ™ ¢

wherei n sai dpdskut e solution conprises 0.1 to 5 w%of said basic
substance and said concentrat ed solution conprises 15 to 30 wt % of
sai d basi c_substance. he nmet hod of any one of clainms 20 to 24,
conpri si n@%ﬁ@ﬁﬂﬁ@”@gl‘ﬁ C'%Fb%? pvReren W'ﬂ Waétq YstArLaeanEprisess. The
met hod of a”%nﬂﬂﬁ gi@.uo 20 to 25, wherein said Ti(1V) source is a
titaniumsalt selecte Omtitani umtetrachl oride (TidAd4), titanium
tetrafluoride (TiF4), titanium sul phate (TiOSO4), titanium

t et r ani t r a3 TheTh€tkod)of)anyante afl daixys 20 ta AR uwhérdig €R)ddnixirky compeses:
met hod of claim 26, wherein said titaniumsalt is TiC 4. 28.A

sol uti on_ conpr i gieiving'<a WiV RtSeirPa5HIEl SRate PIERAR S TRSARGINO L0

the nethod of any on ai'‘ns erern sal titanrum

di oxi de parti é&ﬁﬁnﬁ% |Uté§o|hh6ﬁ‘®r§§‘ddd ag %QH%%E)[SQQ;@ WIoboaﬁ

titanium di oxi a ve a zeta oten
sol ution of cl asubséauemmer ei n sai d parti cI es in said solution have
particle sizes from10 nmto 25 nm 26 30. The solution of claim 28

or claim29, whidhg atddhcentrarRt Saltichosaig dhdic substance to said Ti

solution.

24.The method of claim 23, wherein said dilute solution comprises 0.1 to 5
wt% of said basic substance and said concentrated solution comprises 15

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 (TiF4), titanium sulphate (TiOSO,), titanium tetranitrate
(Ti(NOs3)s), and alkoxy titanium (Ti(OR),).

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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particles in said solutionis from6 to 8 w% 31. The sol ution of
claim28 or claim?29, wherein the concentration of said particles in
said solution is higher than 4 wt% 32. A solution conprising: an
aqueous solvent; and titaniumdioxide (Ti Q2) particles dispersed in
said solvent,_said Ti Q2 garticles conprising titani um di oxi de and

per oxo- t i t#hi LS8 ekclampe8)orLiaiby Hadvherednihng eancanirativaicbsaide,
said PTC COMUARHRY iPSLRXQuddrOR N BABIPRd,0 T (IV) . said Ti 02

particles having particle sizes from nmto 25 nmand a zeta
potential from-60 to -80 nV, the concentration of said TiQ2
particl es 3'h B solsbidmbdf okirb &i8nay diaigh29, whareid thextdncentration mf saidd
solution has a of about 7. and is transparent. 33. The sol ution of
cl ai m 32, mé?aé’ﬁﬁeéé’?ﬁalﬂﬁ%?“%ﬁ&g iR ANE. 5 to 8.5 34, The
solution of claim32 or claim33, wherein said TiOQ2 particles

conprise 3maA 8sritibh @mptsingthe sol ution of claim 32 or claim33,
wherein said Ti 2 particles conprise anorphous Ti02. 36. The

sol ution of any_one of cla}i%itiSZ to 35, wherein said TiQ2 particles
in said sol utiOh8XHH ?O}S 8@% alytic activities in response to

irradiation of _visible |jig 37...The solution of any one of_clains
55" 00, 36, “wher dItANSAT goxsle iRy HERICs Alonsiser i <8 Balenbied Tiomal d

solution is frqErficies cBmpr¥ingftanium dioxide and peroxo-titanium complex
(PTC) adsorbed to said titanium dioxide, said PTC comprising peroxo-
ligands bonded to Ti(IV), said TiO; particles having particle sizes from
10 nm to 25 nm and a zeta potential from -60 to -80 mV, the
concentration of said TiO; particles in said solution being higher than 4
wit%;

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

33. The solution of claim 32, wherein said pH of about 7 is from 5.5 to 8.5.

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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