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[0002] Not applicable.
FIELD OF THE INVENTION

[0003] This disclosure, in general, relates to stable concentrated nano titania sols and to
the processes for their production and use. For example, this disclosure relates to stable
concentrated nano titania sols in the mild pH range (4.0 — 10.0) and to the processes for

their production and use.

BACKGROUND

[0004] Titania or titanium dioxide (TiO) is generally present in the market place in
cither of two predominant polymorphs, anatase or rutile, and has an average particle size
of 150 nm to 250 nm. Because of its high refractive index, negligible color and inertness,
it is useful as an opacifier in paints, paper, plastics, ceramic, inks, etc. Titanium dioxide
having a smaller average particle size, for example in the 1 nm to 150 nm average
particle size range is referred to as nano titania. Nano titania finds uses in cosmetics,
personal care products, plastics, surface coatings, self-cleaning surfaces and photovoltaic
applications due to its: 1) translucency combined with photoprotective properties; ii)

photocatalytic properties; and iii) conductive propertics combined with high surface area.

[0005] Issues surrounding nano titanium dioxide products supplied in powder form

include: 1) the difficulties encountered in dispersing the products to the required size; and



[ 0003] This disclosure, in general, relates to stable concentrated nano
titania sols and to the processes for their production and use. For

exanpl e, wbis1disssbosure rel ates to stabl e concentrat ed PoamB0ioiBms1a sol s
inthe mld pHrange (4.0 - 10.0) and to the processes for their production
and use. BACKGROUND [0004] Titania or titaniumdioxide (Ti02) is generally
present in the market place in either of two predom nant pol ynorphs,
anatase or rutile, and has an average particle size of 150 nmto 250 nm
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[0008] In U.S. Pat. Publ. No. 2006/0110319, rutile nano-sized titanium dioxide sols are
prepared via the hydrolysis of titanium tetraisopropoxide in an aqueous solution
containing hydrogen peroxide and subsequently hydrothermally treated at a temperature

of 50°-120°C.

[0009] U.S. Pat. Publ. No. 2009/0062111 describes a process for forming a nano-sized
titanium dioxide sol including the precipitation of hydrous titanium dioxide from a
titanium iospropoxide solution and peptization of the hydrous titanium hydroxide with an

a-hydroxy carboxylic acid at a temperature of 70°-150°C for an extended period of time.

[0010] U.S. Pat. Publ. No. 2009/0061230 also describes a process for forming a stable
nano-sized titanium dioxide sol through the reaction of a halide-containing titanium

compound with water in the presence of a polyol.

[0011] In U.S. Pat. No. 5,840,111, a nano-sized titanium dioxide sol is prepared by the
addition of a solution of sulphuric acid and titanyl sulphate to an alkaline reacting
medium to form titanium dioxide nanoparticles, flocculating the nanoparticles through

the addition of a monobasic acid and then isolating the flocculate by filtration.



[0007] In U. S. Pat. No. 2,448,683, a process is described in which hydrous
titaniumdioxide is first neutralized then peptized with HCL to forma
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and with an alkalizing agent wherein the pH of the nano titania sol after

contacting is in a range of between about 4.0 and about 10.0; and

(b) subjecting the pH adjusted nano titania sol to membrane filtration,
preferably crossflow filtration or crossflow filtration with vibration, and
continuing membrane filtration until the nano titania sol contains more than

300 g TiO, nanoparticles/dm’.

[0014] The present disclosure also provides a process for producing a concentrated

aqueous nano titania sol comprising:
(a) providing an acidic nano titania sol;

(b) contacting the acidic nano titania sol with a dispersant comprising at
least one of a water soluble carboxylic acid, a water soluble salt of a
carboxylic acid, a water soluble polycarboxylic acid, a phosphate or a silicate
and with an alkalizing agent wherein the pH of the nano titania sol after

contacting is in a range of between about 4.0 and about 10.0; and

(c) subjecting the pH adjusted nano titania sol to membrane filtration,

preferably crossflow filtration or crossflow filtration with vibration, and



SUMVARY [0013] The present disclosure provides a process for producing a
concentrated aqueous nano titania sol conprising: (a) contacting an acidic
nano titawoaos@i33sst h a di spersant conprising at | east ®eo®/GH208/0583181

sol ubl e carboxylic acid, a water soluble salt of a carboxylic acid, a water
sol ubl e pol ycarboxylic acid, a phosphate or a silicate and with an

al kal i zi ng agent wherein the pH of the nano titania sol after contacting is
in a range of between about 4.0 and about 10.0; and (b) subjecting the pH
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filtration until 3@heTHareneparaelesadmol contalns more than 300 g Ti Q2
nanoparticles/dnB. [0014] The present disclosure also provides a process
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[0016] According to another embodiment, the nano titania sol may be subjected to a

coating treatment before, during or after any of the steps of the above process.

[0017] The concentrated aqueous nano titania sol of this disclosure is suitable for use in a
variety of applications, including providing UV protection and photochemically

degrading or inactivating contaminants.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

[0018] In this specification and in the claims which follow, reference will be made to a

number of terms which shall be understood to have the following meanings.

[0019] The term "nano titania sol" refers to a colloidal suspension of TiO; nanoparticles
having a particle size of less than 150 nm, preferably less than 100 nm. The TiO,

nanoparticles may be anatase, rutile or amorphous or a mixture thereof.

[0020] The terms "crossflow filtration” and “crossflow filtration with vibration” refer to
filtration processes in which a suspension of solid particles in a fluid medium is caused to
flow tangentially across the surface of a membrane while being subjected to a pressure
which tends to cause the fluid medium of the suspension to flow through the membrane
which is permeable to the fluid medium but not the solid particles. The flow of the
suspension across the surface of the membrane minimizes any excessive build-up of
solids on the surface of the membrane. Mechanical vibration of the surface of the
membrane may be used to reduce the plugging or fouling of the membrane. Such a
process is described, for example, in U.S. Pat. No. 4,952,317, the contents of which are

expressly incorporated herein by reference.



(c) subjecting the pH adjusted nano titania sol to nenbrane filtration,
preferably crossflow filtration or crossflow filtration with vibration, and
conti nui ngorreni3aase filtration until the nano titani a sSeCTMBWEV0ISSIROr €
than 300 g Ti Q2 nanoparticles/dnB8. [0015] In another enbodi nent, the pH
adj usted nano titania sol may be contacted with a washing agent during step
(b) of the process described in paragraph [0013] or step (c) of the process
described in paragraph [0014], preferably before concentration of the nano
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this disclosure i vari éty of applications, including
provi ding UV protection and photochem cally degradi ng or inactivating
contam nants. DESCRI PTI ON OF THE PREFERRED EMBODI MENT( S)

(a) contacting an acidic nano titania sol with a dispersant comprising at
least one of a water soluble carboxylic acid, a water soluble salt of a
carboxylic acid, a water soluble polycarboxylic acid, a phosphate or a silicate,
and with an alkalizing agent wherein the pH of the nano titania sol after

contacting is in a range of between about 4.0 and about 10.0; and

(b) subjecting the pH adjusted nano titania sol to membrane filtration,
preferably crossflow filtration or crossflow filtration with vibration, and
continuing membrane filtration until the nano titania sol contains more than

300 g TiO, nanoparticles/dm’.

[0022] In another embodiments of this disclosure, the concentrated aqueous nano

titania sol is produced by a process comprising the steps:
(a) providing an acidic nano titania sol;

(b) contacting the acidic nano titania sol with a dispersant comprising at
least one of a water soluble carboxylic acid, a water soluble salt of a
carboxylic acid, a water soluble polycarboxylic acid, a phosphate or a silicate
and with an alkalizing agent wherein the pH of the nano titania sol after

contacting is in a range of between about 4.0 and about 10.0; and

(c) subjecting the pH adjusted nano titania sol to membrane filtration,
preferably crossflow filtration or crossflow filtration with vibration, and
continuing membrane filtration until the nano titania sol contains more than

300 g TiO; nanoparticles/dm”.



[0018] In this specification and in the clains which follow, reference wll
be made to a nunber of terns which shall be understood to have the
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suitable process. Typical processes may involve hydrolysis of an appropriate titanium
compound, such as, titanium tetrachloride, titanyl sulphate or an organic or inorganic
titanate, or oxidation of an oxidizable titanium compound, for example, in the vapour

state.

[0025] In one embodiment, the acidic nano titania sol is produced from TiO; prepared by
a precipitation step in a sulphate process. After precipitation, the obtained titania hydrate
is filtered, washed free of impurities, and contacted with an aqueous basec to form a
suspension having a pH of about neutral. Sulphate ions are then removed from the
neutralized suspension by filtration and washing. In one aspect, the filter cake obtained
after filtration is washed until the SO4> content of the wash filtrate is less than 0.1 g/l
(which may be determined by barium chloride solution titration). The washed filter cake
is then slurried in water to produce a substantially sulphate-ion-free aqueous suspension
of titania hydrate which is then peptized with a strong monoprotic acid pH adjustment to
a pH of about 2.0 or below, preferably a pH of about 1.5 to provide the acidic nano titania

sol.



[0022] In another enbodi nents of this disclosure, the concentrated aqueous
nano titania sol is produced by a process conprising the steps: (a)

provi di ngverzomeissise nano titania sol; (b) contacting treTaB2dionsnEB0
titania sol with a dispersant conprising at |east one of a water soluble
carboxylic acid, a water soluble salt of a carboxylic acid, a water soluble
pol ycarboxylic acid, a phosphate or a silicate and wth an al kali zi ng agent
wherein the pH of the nano titania sol after contacting is in a range of
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crossfl ov@ﬂﬁahzmga@tge@tn Vha #eidic mena titnia sohenaydrst ¢ontricted witntheahspefsant anglt | on
until thep e than 300 g Ti Q2 nanoparticl es/ dnB.
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hours to less than about 3 hours.

[0029] The acidic nano titania sol is also contacted with an alkalizing agent. In one
embodiment, the acidic nano titania sol is contacted with the alkalizing agent after
contacting with the dispersant. Examples of alkalizing agents include alkanolamines,
preferably water soluble alkanolamine such as isopropanolamine, and choline hydroxide.

The period of time which the acidic nano titania sol is contacted with the alkalizing agent



[ 0026] The acidic nano titania sol is then contacted with a dispersant and
with an al kal i zi ng agent. The acidic nano titania sol nmay be contacted with
t he di speweanii/asmcal kal i zi ng agent in any order or in eom@BratnmGmsis[ 0027]
According to one enbodi ment, the acidic nano titania sol is first contacted
with the dispersant. The di spersant conprises at |east one of a water

sol ubl e carboxylic acid, a water soluble salt of a carboxylic acid, a water
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550 ¢ T| A }rllﬂ;%%rﬂgr %tﬁg%@sifor@lﬁ%r& %2 %%r% QB%?(E) %g%éé}gg& 21£ast5%ga§8 o ii}'%eOZ
nanopar t i whess cdm&rlbacha.h puegrapin @023 efier &b lyncantrategsthe 7000 glteiﬁnmol In

nanoparti cI s/ d e concentrat ed nan t ni a.sol

U eooe  yinsfics BB e AR 4yl BRG0Pl n ey A i a2 Ot en
of the pHfadjcusdcatatian®e tiah@fitaaissall. WhicGBdicsioh e vxfaeeectstu@reksallt@rfromieﬂiér ane
filtration will generally be | ess than about 350 Ti Q2 nanopartl cl es/ dnB.
Thus, in GHe iERiow Asis, inprlugige Mgn@aﬁﬂté%pa@rtltﬁ%S?Jma‘é.lag gsledrbhAAY titania
sol feed &h@ﬁéﬁv‘i@”%%n@%iﬁ@&”th@tnah&‘fﬁ%&me@%% cR9ct8q Ql@th@%ﬁﬁ[@tdgghtey dn8
to | ess than abolUt 350 O02nanoparticles/dn8. [0 tionally, the pH
adj ust ed dvaimg stdpt @miod throprormy degsribothimparegraph {0024] wasthp lﬁ@ egbaprocksr

exanpl e ter. prefera eral i.zed ter rin e._menbr ane
Ftraci ongisdtt S aRRBh Los T PEBhETOr IR Fhel s e 3t Lifiar <
fromthe M@Cbohdﬂi@lﬂlt?. t6dkss {han olvemSrdnedpRfdbly tdie thdr adml&hgohnﬂaﬂnoret itania

sol is cont gh t he washing agent during step (b) of the process
descri bed'F rap? lﬁﬁfrt 9P or step (c) of the process described in
par agraph [0022] prior to concentrating the nano titania sol. In another

enbodi nent, the pH adjusted nano titania sol is contacted with the washing
agent after concentrating the nano titgnia sol. The reduction of water
soluble salts fromthe nano titania sol assists in producing a concentrated
nano titania sol having a desirably | ow conductivity. In one aspect, the
nano titania sol is contacted with the washing agent during step (b) of the
process described in paragraph [0021] or step (c) of the process descri bed
i n paragraph [0022] for a period of tine sufficient to reduce the nano
titania sol's conductivity to |less than 10 nS/cm preferably |ess than 5
nS/cm and nore preferably less then 2 nS/cm



[0032] In still another aspect, the nano titania sol nmay optionally be
subjected to a coating treatnment by contacting the nano titania sol with a
coati ng ayenvii1/oBmecoati ng treatnent may be perfornmed betCworaBotsisig or
after any of the steps of the above described process. In one enbodi nent,
the coating treatnent is perfornmed after contacting the acidic nano titania
sol with the dispersant and with the alkalizing agent in step (a) of the
process described in paragraph [0021] or step (b) of the process described
I'n par ag:j[@@ﬁ] [18022] andtiftr aRPEACIhe EMRO ditiRR ol 1§ GRABLAING bE BBEABM L IS
perfornmed during step (b) of the process described in“paragraph [0021] or
step (c) whRtinhEcymeeelys cauating texinine tanriagehpih 200200y agmef dihalspgtingf t er t he
pH adj ust 0. ti i een: co e i t i ent to
renmove s&%%gﬁgﬂ§g%*Egg%%%ig%%%ggﬁg @??%n&égg%lggﬁ%FgFig§p¥§§2%£ggﬁgration
The coat i degcritgenprosesst albh eonk oembekEmeme Ithid @satiiy akktalchnes gerfaend aft@oat i ng
agent, for exanple, those commonly used to coat an.inor i.c oxide. or

hydr ous oSPHEUBHNG K ERpAERRA 3l WIﬂﬂet%ﬁ*rié@efﬁ%&Biw%ﬁ%gl?ﬁW #EM nor gani ¢
oxi des ar@eﬂ‘@é?’@ﬂh% pRddefiedesbiited Ul faaP@pR 0070 6r QX A5 Sf R r&desh¥AEQME OXi des
of silicon, alum num titanium zirconium nmagnesium zinc, cerium

phosphor U8, pagagraph{002e I aeniber cstbodisagni.ihc eeriing dreaimant ismeriormebeingf t he

Ti Q2 nang i fir. 9 9 .

i nor gani CSQ x{b?i(eékg%di or S%%?rgtﬂeg 1%%‘? %g&pfél[nglh/\g{c %teo/ﬁ tcﬁg?%&%ﬁﬁe{%&&f @%%Ti a2
nanopar t i ialpamgrdpkd il 28 sproferablyk&ler e @b adjustgd agentitgnia noll haddesodintartesli | i cat e,
potassium silicate, sodiumal um na or mxtures thereof | es of acidic
oat, ng. abEhtE THRTRREa Ghrsmimecmiis Gt e gt (R BHA0h OB PRt ur e

t hereof . {/A03Bhtiéh.Cahé QutBEGIBNTQItARS fdT UBYnAI RS ah QIR oY &ddidebitg t he
coating treatnent to ensure that the ionic strength of the nano titania sol
remai ns | 4880t G011 Brgmplee dhave semaealyceicH dp ¢apt at iapiganicyoxide erahvidrqisadle 1 n this
enbodi e 0, } j: i ! i ng
agont . prpo VR faht ekl CRFRG! Erl b A A Bl GO 20at ch
t ank. Themngldd¢ tonenorr ebes oniflest lard/sodiydmous iokideated ahcne atunonumx ¢tvnge, r esi n
are controlled such that the gﬁ of thq6§ol iﬂ tﬁ§¥bathﬁﬁank.rena% sina
range of DEPREBH THEBUY Y. B % 5H UBRIOHYTS: OF A2 ad8F AR RHHSEr Mt Yhe sol
and al kal ¢fie theGatfhddd fARETHO, dakoRARSE tndyhihasetdiord abokt WIMwOY, B HORA! ¥ of
containing the cation exchange resin at a rate such that the pH of the

ef f| uent e HRNERIq oxide %né#Pgélygqou%@%%&I\at@(sémhweeglﬁﬁ&thaﬂagﬁ naypprticlspy cat i on
exchange geiled St e R0 RirfslachS EnclbRAMNGIENOIRAENR! Shilatc. Kpauh such
as strong acid cation excha%g resins contalning sul phonic acid groups,
weak aci chleminatsnorerictianegdhareddi nExamymesadhindic carbiax geints aclvde plwapsmor a

m xture tc%£§efau%n %§£E%h% %ggggigE@gﬁbfif renoval of the cation exchange
resin is desi e&, tHeh C ﬁiqueslk%oﬁm I'n the art may be used to

facilitate such renoval. [0034] An ani on exchange resin may al so be

enpl oyed [d0a3i] gy chtien eahbngegetineatynEnd be kmptdyed deribo dicnmiating trh@mieano tit ani a
sol is contacted wth.an acidic, coating agent and the .anion exchange resin
'n a bat CHSUERI thh oG reiERROF F deng nfiesal Srifigs JRTeE HEUREGHY ani on
exchange ¢odisidal ahsiligORtMAhlaB@d S Us hhik RetboliteenR Hh®hat8tafiRl sol s Edheachat ch tank
remains in a range of between about 4.0 and about 10.0. In another

enbodi menvith epalkgline epsting egait.orefowblynyg dadge pilicae.cing b eadion rehage Eswol urm or
support cantal Qi t {; i n; S . pH of
ho of {1 i Hrd B PRe F0Ui0h BRRIAURE T QBhic Ao BEuCHERAEII G Pany

ani on excdvanghked sghrhitghs pHt @lthe séloin ths batch maplkudmams tihesengperfeeavéon known,

such as stro base ani xch e resins containin droxi de or

et er narPoRrmB s A o T R i e i PR D ek s ng
primary Ofass@CRRGENE ¥ BMInOIISPHRS cOifitaidind tké Whittont BRAARE rediW @85 }atd b&h
concentrat ed aqueous nano titania sol produced exhibits exceptional

st abi | i t ythatile PHA$hrasf8HeY reragipy B raREo AhbshY erederist 9 gydpiaut 4P 0i Mya nano
titani a sol: ' ipteLn ' -0,

subsequent 3t L aeoE o8 YRuFETE L RORRE A, Bk RIB Ao A0 Pe ot
drying and mlling yet provides well dispersed sols. Thus, nano-di spersions
may be achieved in fornul ated systens gcontaining the concentrated nano
titania sols produced by the inventive process. Mreover, the present

i nvention provides a sol in inproved physical form(i.e. a coll oidal
suspension v. a |low density cohesive powder) which greatly aids in
subsequent handling and processing of the nano titania sol. [0036] The
concentrat ed aqueous nano titania sols produced according to the invention
are suitable for use as a coating or in an article. For exanple, the
concentrated aqueous nano titania sol may be used in: personal care

o, . o o - o T - o - o



coatings, building coatings, roofing granules, roofing shingles, building
siding, flooring, swimmng pool surfaces, and cenent or concrete; as a

cat al yst wo 2phaissmsat al yst or as a support in catal yst prouaH2810/051515
photovoltaic cells; plastic parts, filns, and resin systens including
agricultural films, food packaging filns, nolded autonotive plastic parts,
and engi neering pol yner resins; rubber based products including silicone
rubbers; textile fibers used in woven and nonwoven applications including
pO'Ya”‘d%muP&hMﬁ%Q&hﬁ<:%§ﬂsBﬁthﬁgﬁﬁﬁh&hQQ&d%hRQHG%é&%@@xﬁﬁ&%&%ﬁ%nﬁheetS
products; cerami cs; %ass products incl udi ng ar chi tectural gl ass,

aut onot i viesigs malnlaedanbh@bdmactdegrogtsagg mikfuggrehereef. alndeenaiy; ensmdlmemecft ronic
conponent 0 I o €0 he,

aaueous riamsvili il ARERHEH:e BRIl MRk IHRPHIR sy Kol PR BRMBNEC . on
to a surfwmeétohcilitasuhish raheal. The nmet hod i ncl udes appl ying the concentrated
aqueous coated nano titania sol, in the presence or absence of a binder

medi um t rface of a substrat a fil The sol nmay be appljed using
Vart ous o AR pORT eSenRroiieE sk fpr kRS bt g RRE

spi n- coat thiRGmissdakéiiOthe bt fitaAf Nk eoedcard Witiadh egldlcPdoetle%(agﬁny and Bi®
concentrated coated nano titania sol is applied to a thickness of about

0. 001 nm APRBEHNLS rosipi H8atel oy é“ctle@ﬁdltlﬁe ratgsRfi the a¢idicecoatmeeaggpitided il m
then forng; &rcﬁguﬁgtrés\ﬁ? al%%hfr&%d%ﬂcﬁ h&t thid, f[ﬁ&lethé)goltlg%esmﬁlttﬁﬂﬁ Fe'ma]-&e film
may optionally bedried. The substrate nay include, but 1s not Timted to,
textile ﬁmbemngéhfhmwwﬁeab@apbwpn®ah@n§0(t|heamnbm@némémkmenbmeolMmbd
ceramc, a | di ng_exteri ass.
another o ety o+l Eomeafi PR el e duloteh st Ps BRR sauced
into a coegceztﬂge rédiel at featekudhuhgt ths palpg meeffaene&ﬁmelstle at BBgesoll Beto&nof skin
to provide W Erotectlon [ 0038]. According tq a further enbodinent, there

i s provi ddgut é‘P%‘tla?‘t“}téOé)on%‘tiét“tli’lbﬁx%h%li%lpﬁ@S‘tlﬁélechhEsé’ntftC&tdé’cg thesfeous
hano tit %Hn@raﬁ?'kn@&zﬁd H&“c%dasb%otngeoalé’é iR %x@ﬁan%@'résnﬁjs' §c91|t29§1ﬂg %ydf@iﬁiecéli alytic
conposi tion contai ning the concentrated nano titania sol Ray be used to
faci | it at@ateryerd emypeoniuen wrayps.reeadt basp snian ¢ xelipgd ecsotyanoai@ineng peatyyort he rat e
of conversij en the reactants of the reaction are
in contac ecm{ht ﬁjatnﬁelgg%t@g?g]ltl C corrf)}geg?otﬂnon I n one enbodi nent, the catal ytic
conposition is present on a support. Exanples of support naterlals i ncl ude
gl ass, ce0ais] cThermhedntrateHaquécms naeretahia scoprodeice ex]aibmheztce];)tictnektthbiﬁtyand

paper . The support be ous or Nnon-.porou Exanpl e roys supports
PRet e A Bp ey G Rag T Soeede ARG 0 3 AR s i (R

support” 1&9&5&6 Soh@ imbepartidle ceathtydn) Gn€ RPRSHEdN® Millisg @ttpatrhbq;a@*es@ofport Ion
of a surface of the support. For porous sugports the term"on support™

further riBf@FeSCRoNYHEAN Neide ROt §ming BenpBling verprpgldeﬁwtlldeﬁ@atw@/ s¢lf-esent

Wi thint or u r n t apal ytic
Conposi tlhglhlgrrﬁgﬁ% isr%g : ng ge ra[e:g%?%%tt Inf fﬂ?ﬁllgg%%slgtrgglgl %‘t"% i ttttlh%v i sible
| i ght to @mosnt@&dfmano atwhewilsclarbduceédw|thmmmént'ryne)rcmessrrdvlereowrpthnmssntof t he
reactant fluid. The catalytic co Siti recovered fromthe
rut - and GBS S i SRSTHEN e ale or bRt SEETREF U™ The
cat al yti cdeaoipestickivepowayr) Rehitts e@atly ajdh &€ euldtq@aneamilinfRha@lpraeadsalgystt s such
as cobalt, nickel,. copper gold, iridium |anthanum nickel, osm um

pl at i num theamodERiAsoly hodi um rut heni um silver, strontium yttrium
zirconiumand tin. [0040] In another enbodiment, the catalytic conposition
I'S preseniow ﬁqédbﬂ@é?ﬁﬁated%%&ﬁ%aﬁ@%%@aniolg bﬂéﬁgceﬂaa\éccﬁrhf?l‘g’ th IhECARERAGI Wi th
the support and the conposition, and when irradiated with light, provides
for a cheit cuifablcelae tiom veoafng obin %mecl@orF@cﬁmtﬁe che etnscntered aveoys| ui d. | n
this confjgqur | onst ant
st oam of “PP LA £ B RER ¥ FeRoATRAMbARR, IRC R A REBE DR, Puch
conposithmmuﬁmmam&hemﬁhuzdsabkeﬁbmhbnmﬁahpnmh hpbﬂﬁrﬁmnmnﬂlxﬁmm&exmnple a
catal ytic .co sition may be a p} dlto a support, for _.exanple an

aut onobi | YMEBRE0SPIERS (B MRARY e TR EX 2 Y 0 BHORGLHERIES ¥ Wd with a
visible or UV |Iight source, such as a fiber optic light source or an LED

| ight source. Irradiation of the catalgtic conposition during operation of
t he autonobil e engine may provide for degradati on of organics and ot her
pollutants generated in the engine into environnental ly acceptabl e
substances. [0041] In another enbodi nent, the catal ytic conposition may be
present on a surface that is contacted with various environnental

contam nants or pollutants, such as dirt, grease and other organic and

i norgani c contam nants and pollutants. The catal ytic conposition,
optlonally a fornulatlon conpr|5|ng the catalytlc conp05|t|on is appl i ed

b - .



self-cleaning glass may have a transparent or translucent coating of the
catal ytic conposition applied on one or both sides of the gl ass.

Cont am nawo=0tiss2s6ont act the gl ass may then be degr adesdcweBrotonsigbass i s
exposed to UV/visible light. It may be desirable for self-cleaning glass to
have a hydrophilic surface, to provide for rinsing of any remaining
degradation products fromthe glass with water. [0042] I n anot her

enbodi ment, the catalytic conposition nay be present on a surface that is

exposed t (Q)aﬂhl‘%:;r BBiEEng 844G @ S0l %ﬁﬁ@es@ﬁ%ﬁﬁlg Ringle@NEiaIngt QdiNg M3 ERe, UpON
exposure to ‘/V|S|5%e light, such a surface nmay be a "disinfecting
surface" Dyimgesg poyli sutfaens, invhermiaphpl pepcndte rasBegatayst wr phetesataligitoras @ pr esent

on the su . For . L.f.resi: ' c i

ospi tal o dneanbEr RaBhcR I AREE chfl: GRS My RTRSH SteRon
appl i ed oinclutieg syriédmeal fivines fobé packagingrfilivk,r msldsd titainotanplagic faie, sidr f ace
may then be.destroyed or inactivated when the surface is exposed t.

UV/ vi si bl SE1CGHES PEREITHIMednso i f a&éspfpﬁ%&ts Rl e A8 ket i ng
surfaces fined 4da if %U%ﬁlrah@B§nw$x}eﬁCh’p%)ﬁ'cgaiioﬁ\@inbﬁldinlg%wa%ﬁde,%My%ﬁaﬂﬁ&,, arinobs,
keypads, tel ephones, and surfaces of nedical instrunments. [0043] The

cat al yti codrmpdssi fib@npiedyctslasd vawappl isbepts oradustyr feremiaso ghspuiredicisenpor ar y
di si nf ect;i : e, t Lyt i L0 may be
it r oducedon e ieHpaltal 858, s BhoREATRL Sy sRERARL B! e e RERRR R0 "o
t he for mdéct@nicicgmipdperftoam or a | otion. Application of the cleaning
conposition to a surface, followed by exposure of the surface to UV/visible
| i ght, use the destruction.or ipactivation of mcrohes.or .viruses
that  ar o Aokl HERGHF S8R PR Rtk Plr®l sl FhgaEoiglomsld

f or mul at efst fised inlSen@RodKi frotide RNOBiol&tian dd aisoffaet d MgsubetigONThe e@tiddor oduct .
[ 0044] The catal yti.c conposition containing the concentrated nanotitania
sol may anelydeserpbdes %rcogwntr&ﬁé/we%t@ﬁteg&am itganid ol. I0FSF PESSRSI ¥, t he

cat al yti CorzQmRQ$h birAP: MBYiuRCiol APEc Vb N BARKAM NBIEATRI ol HayWRTBHIi&QND
irradiated wth UV visible [ight. Contam nants in the air of water may be

degr aded usirgo velibst aprdisstianh gtchaiqeesy dbateximplor difpatg, aypeaying: espgaedatipg,
ted fr. - aj t . | t an t al.nj
separat e sogglgg,] ﬁrﬂﬁn%émﬁa?cyt\@r §ih 1ngorPr SR e c%gge %g%eg%gat%%glgyo ﬁ{aﬂlang

organi c su nces al'ogenat ed substantes nma egra I nto carbon
di oxi de adotlishpblieitoiaahisknashbLdbonay.00 hem toebseal aness hénnict hethailiqudr wat er .

In the case of air purjification, the degradation of onaﬁginants such as
NO and NCB&i tThePpifdi PIfgmSra BBFICHEE FOAnG CRABC WREERCE ohdle BPEE Fesul t in
cl eaner ajKe ARAMEPHSIRhIIPDe @AQL STHRubMtcdhsy include, but is not limited to, textile

fiber, furniture, paper, pavers, tile, concrete, cement, wood, ceramic, polymeric, leather,
asphalt, a building exterior, and glass. In another embodiment, the concentrated aqueous
nanotitania sol is introduced into a cosmetic and the mixture is applied as above to the

surface of skin to provide UV protection.

[0038] According to a further embodiment, there is provided a catalytic composition
comprising the concentrated aqueous nano titania sol produced by the process of this
disclosure. The catalytic composition containing the concentrated nano titania sol may
be used to facilitate a wide variety of reactions and may be characterized by the rate of
conversion of a chemical reaction when the reactants of the reaction are in contact with
the catalytic composition. In one embodiment, the catalytic composition is present on a
support. Examples of support materials include glass, ceramic, metal, plastic, cement,

concrete, asphalt, textile and paper. The support may be porous or non-porous.
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[ 0045] In another enbodi nent, the catal ytic conposition may be used for
sensi ng gases. Because the electrical conductivity of Ti Q2 nanoparticles
vari es dewendimg3ma t he chem cal conposition of their emeirraBrravisisishi s
vari abl e conductivity may provide for the use of the Ti Q2 nanoparticles to
be used in the neasurenent of the type and/or anount of one or nore gases.
The el ectrical resistance of the Ti Q2 nanoparticles or a materi al
containing the Ti Q2 nanoparticles nay be neasured in an environnent and
conpar ed Wdnkph1dsner RIr&isst fubfétts MmeRIiS haffSof fbef, GORbAR! oCRBbIRARTEAL - THENE

di fference between the neasured resistance and the control resistance may
be cor r el tatmedomp sppoke refems deo twhan dicogatalyfengonppsioibn & ¢rast least g ipertemvdfraonnent .
Exanpl es t ' i fi (o] dd dr ogen,
car bon' moEoast Ty APy En ¥eb BebhS Shigeh€ P dtk o F SIHAS e deReT
conpr i si nghdnhée cailgtiytdmpasivpasaddittmalls présad withinstee percgaidias swiipoanbi ent
conditions. [0046] In a further enbodinent, the catalytic conposition may

ont ai ni nPhan e SO B, oY G oy e HE hesetReatiRA 856 and
oxygen byandhpiagiaddatvits i Ssivlaelght e pretigs fbiS ai dhemibantre@tiva o JdY/ ot @bkl €

light. This deconposition may also be carried out in a

phot o- el eMvBHENPEHE reastant Haidi d§e satplvbe somptioncBmt Brmbaicavgedtemnar y

oxi de. | taiiPSndl B ERDIGr b 1o IRHRTCL CRENAGHEMRAL ARkl catafticl i s can
provi de for separate“collection of hydrogen and oxygen fromthe cell.

[ 0047] | ncommositien reagbbelivsehin ptabe of ea¢rgt inctat eatalsist suoh avepbile nisled, f or t he
producti on ofr el e trg(fi tylg rom sol ar, ﬁadi alti on., ﬁmd in lgaariti cullbadriumi n sol ar
celI's contRPHi iy ¢h8 CYPal PR To YTt CTRUThdP aYa o PREEIEY figdiim.

sensi ti zimghehingn, FHEE, ol ftirtihg Sircdrdim axadpl e, an el ectric current is
produced when dye nol ecul es are excited by exposure to light. The excited
dye nol ecul es transfer electrons intq the conducti on band of the

nanopar t110ME] ARERCCHRACECTaS G elvbr SHEPEEIOR 15 BFr e N CorPRRTEGRd Bnnect ed
to an el eghdthiftatui@ihUEbwWnt Ebondact QA thel KBASGT ahdd tHEtoRAPOLMGRY, BaboeglmeNt ,
the catalytic conmposition may be used in conposite materials, including

pol yer ciapietedvag lighihprpridesated arsbemisokisasiivneafioar or mpst canamshte of thee

catal ytic [: 4 y Male i L i ke fabrics.
Theae. fabeea a0 e et O DA R oo G Tl b kb "Wt

t he fabrionwherstrexpos 8didtand vt irdijugre Isegindtionrod shel datahygici conmpesifierc fre@ani ng or

disinfecting fabrics. [0049] In.sti]l _another enbodinment, the cataglytic
Commos: ¢ 1R R B b0 S nsfiaiidd | ESTSePe. fr g et e i erens
such as wgphitd tan Qipgadl fMcxdinbl NABRALLIE efaukt sRenAtwEbrwithd kvt Si bl e

| i ght may produce hydroxyl ion eroxide ions_(02), and/or hydrogen

ns ( su
per oxi de. sYsiga hps bperniifidpiith # ¥isble étgh{o ureg schiap pdibes ¢iic light sairgen” a cel |
or in co tr wyh b I - £ I : : i 7 whi ch
damages cn)(?r |IF$’2 h[éhgsoglgel In}i’ﬁ%ﬁ{sﬂﬁé egggtta %lgg ?@E%%rlr%g@rﬁgo \é%lgﬂggﬁ%sed as
an anti - carweobilkgemginavineay gedviidee fed degradativor o€ elrgamics| andrmyhebepdlesintsabl e t o

coupl e the catal.ytic conpgsiti.on to targetin ent that is selectively
2bsor bed BySeltdy earedens gyt sl afierGbk Sl ¥ he col 1 s cont i ni ng t he
catal ytic conposition |aparoscopically, resulting in cell death or a

reduct i onoo41] del dnotheoembodimept; oipagailyon cohfB3T0in hhe bppeseiit od averfidcon wi | |

be further iJlustrated by a consideration of the follow ng exanples, which
are int en%%tdlstf@nwéteéx%%!%aﬁlg}lsoﬁrnvgﬂ@n?we?ﬂnfa&wm pr palitenis wepr ciit ages i n
the exampl@ficad@ Sfc oBhBNinddaRtEnkNEEISmALRE M SR 1REAled The catalytic

composition, optionally a formulation comprising the catalytic composition, is applied to
the surface and the surface is irradiated with UV/visible light while the contaminants or
pollutants contact the surface. Upon exposure to UV/visible light, the surface becomes

"self-cleaning" and degrades or inactivates the contaminants or pollutants. For example,
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[ 0051] Exanpl es [0052] Exanple 1. Illnenite was digested with concentrated
sul phuric acid to obtain a digestion cake. The di gestion cake was dissol ved
in wat er wo2bowassmecr ude | i quor containing iron sul phat @esT/dB20BMIsSWSTS

sul phate and sonme suspended insoluble matter. The iron in ferric formwas
then reduced chemcally and the liquor filtered to renove insoluble matter.
The liquor was then concentrated by vacuum treat nent and hydrol yzed to
precipitate hydrous titania by heating and the addition of nucleating
agents. The diQuslald bR Baas &ERBLBAECH: ftfaﬁﬂhééﬁptgohﬁﬂgte%_f bye vaghiqeg and
filtration and atitani a hydrate suspension was then obtained by m xing the
hydr ous fdompesitionkepkddt ¢n desrpnbethl sides bfvibe glass. TRentamiranfsathptyehmace the

suspensi o < alized w L.a.to:a.p 7,05,
filtered Q%%%swéé bﬁﬁ}a\%g{lgrﬂ g[Flt(t)ﬁer I%Svlg e\éé%(lt)sgﬁg e c/g%%)t(l)eulr@lst; L \%lIa?' hbefi ltrate
washi ngs dwiratig for 158 Tribsmn BQARass as tatdhe hy drephilic suréde] 1o patide forThiggrbfof t he
slurry was then taken to.a pH 1.50 by the addition of hydrochloric acid and
mi xed” f or MYCECTHARSES SRS SAFP A IS S WARG St ani a sol at 33% sol i ds.
The acidic nano titania sol was then contacted with citric acid (1.0g
citric acioos2t anlddofhgr TMBSJimeit, McX P ylid c@mp&ssl mhpbe FREEMXbIMBLsGHYce20

m nutes. The sol was then contacted w th nonoi sopropanol amine by mxing in
a vessel thefris gxpaesq @anisrobes. rachsasapisriapnd fuggiagpdier totviases HUPPN §810SE 8. 00.
The pH adj : i i.a R E ey nC

1 trat o8 By T e e e R B B o s s

t 0 achi evisadiverginetrohes by viofised thattangHiesamtanmdthe heface.ohoi exainply, surbsss inow
filtrati onagntti 1 t he sol1 co tai.tnled 673& Ttl 2 nfl\nopart itcl es éer . based on
the total “WETgHE G EHE R GLASTESEIIOPRET 0T Pt @ £818a REVPENASi ty of

0. 035 Pa @nfpweigish apslicdlon 1k SFabts | MikrébdBRodkf vialsds thasaanRt BE siviich nivg. 2

spi ndl e at 100r£n¥1. The nodal particle size was 43n measur.ed usi ng CPS

di sc centFt gedepayedopr inagtiyete Wrengths surfgess ay em%ﬁe BV/visidleshighbi e nano
titani a sglanfiQINCEER FXAR Bc halRnth NESARMRY Kbl BcRdS BMmGloPES _
acrylic enulsion at a dry fil'mpignment volume concentration of 18.23% This

coat i ng wlepringewabp plandes, tswitehes 2 Bunbs Podypedst édlerthiohen wid burfaccoaf imedicelet il m
t hi cknessinahn}e%l%n After curing, the resultant coating had an absorbance of
1.546 at a waveléngth of 550nm A conparative coating incorporating a
commerci al anatase at the sanme Ti Q2 concentrati on had an absorbance of
2.489 at [@048&VBcanagiyticofonfpbiniom njaf Gisd] bePappptrbta € siEfaed proAide Avmp@aidi ¢ nhano
titania sal. Ls.obtajned as ip Exa e 1. e.acidic.nano tjitania sol is
then cont SUREATR PRIG FEe (2 DGTBIG e FouEg Fr05 M ng i n a
vessel f Ot PleihgTBéBpsitR. MHHKIEHing lddenpR0itioh Sndy@NinGRO fasl Gth Wit

nonoi sopropanol amne by mxing in a vessel unti] the pH of the sol is about
8. 0. The frpmpomadefipdr tirplisdioguefpbs dderning ¢epostiondp us swécsofoligived thyen

heat ed t 0hala,aBeueRAHEL WAL G8nd Ay LRE MELARNCRIOE iRELTMAR oYt he
co-additio ofr sodium silicate and cation exchange resin such that the pH
of the sohic@esonsirizes Weearcgiiownt & e amdacab Guth ¢Bafing Fhreposamms idydri a sol
containing the siJlica coated Ti n rticles.is the ubjected to

croser 11 o KoriShof §% B v EE ARER PR R BT o Lo rermpve
soluble salts and then continuing crossflow filtration until the sol until

t he sol clom4aiTi® caateictdoapodiisn byntairing lilic waaindted ineRotanopamaycll®sebased on
the tot alus\é\gifght. of . the sol.

r air and/or water purification. For example, the catalytic composition may be
mixed with contaminated air or water and irradiated with UV/visible light. Contaminants
in the air or water may be degraded into substances that are volatile or that are more
casily separated from the air or water. For example, contaminants containing organic

substances and halogenated substances may be degraded into carbon dioxide and halide

ions, which may then be separated from the air or water. In the case of air purification,
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[ 0055] Prophetic Exanple B. A sanple of the concentrated aqueous nano
titania sol produced in Prophetic Exanple Ais prepared into a sunscreen
conposi t iwo 20omi3aasai ng t he fol l ow ng conponents: Conponeat/@20d005151But yl ene
gl ycol 3

the degradation of contaminants such as NO and NO; cither individually or collectively

and VOC’s may also result in cleaner air and control of odors in the air

[0045] In another embodiment, the catalytic composition may be used for sensing gases.
Because the electrical conductivity of TiO; nanoparticles varies depending on the
chemical composition of their environment, this variable conductivity may provide for
the use of the TiO, nanoparticles to be used in the measurement of the type and/or
amount of one or more gases. The clectrical resistance of the TiO, nanoparticles or a
material containing the TiO, nanoparticles may be measured in an environment and
compared with the electrical resistance in a control environment. The difference between
the measured resistance and the control resistance may be correlated with the amount
and/or identity of a gas in the environment. Examples of gases that may be identified
and/or measured include hydrogen, carbon monoxide, hydrogen sulfide, and water.
Preferably a gas sensor comprising the catalytic composition is used to sense gases at

ambient conditions.

[0046] In a further embodiment, the catalytic composition may be used for the
production of hydrogen and oxygen from water. Water containing the catalytic
composition may be decomposed into hydrogen and oxygen by photocatalysis when the
water is irradiated with UV/visible light. This decomposition may also be carried out in a
photo-electrochemical cell having a photo-anode containing a quaternary oxide. It may
be desirable to use a photo-clectrochemical cell, as this can provide for separate

collection of hydrogen and oxygen from the cell.

[0047] In another embodiment, the catalytic composition may be used for the production
of electricity from solar radiation, and in particular, in solar cells containing the catalytic
composition and dye molecules for sensitizing the TiO, nanoparticles. For example, an
electric current is produced when dye molecules are excited by exposure to light. The
excited dye molecules transfer electrons into the conduction band of the nanoparticles
which conduct the electrons to a current collector connected to an electrical circuit with a

load.
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Et hanol

12 Perfume suitable anount Silicic anhydride 3 Kaolin

WO 2011/033286 PCT/GB2010/051515

[0048] In yet another embodiment, the catalytic composition may be used in composite
materials, including polymer composites, fabrics and nonwoven materials. For example,
the catalytic composition may be incorporated with fibers into textile fabrics. These
fabrics may provide for degradation of contaminants in contact with the fabric when

exposed to UV/visible light, resulting in self-cleaning or disinfecting fabrics.

[0049] In still another embodiment, the catalytic composition may be used as a bioactive
agent. In an aqueous environment, such as within an organism, TiO, nanoparticles
irradiated with UV/visible light may produce hydroxyl ions (OH"), superoxide ions (Oy),
and/or hydrogen peroxide. The TiO; nanoparticle exposed to UV/visible light while in a
cell or in contact with a cell may therefore produce a toxic environment which damages
or kills the cell. Thus, the catalytic composition may be used as an anti-cancer agent
when delivered to tumor cells. It may be desirable to couple the catalytic composition to
a targeting agent that is selectively absorbed by tumor cells. Light may be delivered to
the cells containing the catalytic composition laparoscopically, resulting in cell death or a

reduction in cell growth or propagation.

[0050] The present invention will be further illustrated by a consideration of the
following examples, which are intended to be exemplary of the invention. All parts and

percentages in the examples are on a weight basis unless otherwise stated.

[0051] Examples

[0052] Example 1. Illmenite was digested with concentrated sulphuric acid to obtain a
digestion cake. The digestion cake was dissolved in water to form a crude liquor
containing iron sulphates, titanium sulphate and some suspended insoluble matter. The
iron in ferric form was then reduced chemically and the liquor filtered to remove
insoluble matter. The liquor was then concentrated by vacuum treatment and hydrolyzed
to precipitate hydrous titania by heating and the addition of nucleating agents. The
hydrous titania was separated from impurities by washing and filtration and a titania
hydrate suspension was then obtained by mixing the hydrous filter cake with
demineralized water. The titania hydrate suspension (pH < 2) was then neutralized with
ammonia to a pH of 7.05, filtered and washed with water to remove sulphate compounds,
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2 Nanotitania sol (diluted with water to provide 12.5 g Ti 02/1) 80 [0056]
The above-di scl osed subject matter is to be considered illustrative, and
not restrwotzoua3smad t he appended cl ains are intended tecr@msoioasisisuch
nodi fi cati ons, enhancenments, and other enbodi ments, which fall within the
true scope of the present invention. Thus, to the maxi num extent allowed by
| aw, the scope of the present invention is to be determ ned by the broadest
perm ssible interpretation of the follow ng clains and their equival ents,

gggcf Pg't : \gfri:l?ﬁltpa?e Washidek Gheifg Q1 0dppH $6F- i thiercfiaFRAG Mt eTRL bBAF the
slurry was then taken to a pH 1.50 by the addition of hydrochloric acid and mixed for 30
minutes to produce an acidic nano titania sol at 33% solids. The acidic nano titania sol
was then contacted with citric acid (1.0g citric acid to 10.0g TiO;) by mixing in a vessel
for approximately 20 minutes. The sol was then contacted with monoisopropanolamine
by mixing in a vessel for a period of time sufficient to adjust the pH of sol to 8.00. The
pH adjusted nano titania sol was then subjected to cross-flow filtration by first contacting
the sol with water to remove soluble salts to achiecve a conductivity of 4.64 mS/cm and
then continuing crossflow filtration until the sol contained 673g TiO2 nanoparticles per
dm® based on the total weight of the aqueous sol. The resultant sol had a viscosity of
0.035 Pa s (measured at 19.3°C using a Brookficld viscometer with no.2 spindle at
100rpm). The modal particle size was 43nm, measured using CPS disc centrifuge.The sol
had a pH of 8.2.

[0053] Example 2. The stable nano titania sol produced in Example 1 was incorporated
into a semi-gloss acrylic emulsion at a dry film pigment volume concentration of 18.23%.
This coating was then applied to a 125um Polyester film with a coating wet film
thickness of 150um. After curing, the resultant coating had an absorbance of 1.546 at a
wavelength of 550nm. A comparative coating incorporating a commercial anatase at the

same TiO2 concentration had an absorbance of 2.489 at a wavelength of 550nm.

[0054] Prophetic Example A. An acidic nano titania sol is obtained as in Example 1. The

acidic nano titania sol is then contacted with citrate (1.0g citric acid to 10.0g TiO;) by
mixing in a vessel for approximately 30 minutes. The sol is then contacted with
monoisopropanolamine by mixing in a vessel until the pH of the sol is about 8.0. The
Ti0, nanoparticles suspended in the pH adjusted sol are then heated to 75°C and coated
with silica (20 % by weight SiO; on TiO;) by the co-addition of sodium silicate and a
cation exchange resin such that the pH of the sol remains between about 5.0 and about
10.0. The nano titania sol containing the silica coated TiO, nanoparticles is then
subjected to cross-flow filtration by first contacting the sol with water to remove soluble
salts and then continuing crossflow filtration until the sol until the sol contains more than

30% by weight coated TiO, nanoparticles based on the total weight of the sol.
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WHAT IS CLAIMED IS: 1. A process for producing a concentrated nanotitania
sol conprising: (a) contacting an acidic nano titania sol with a

di sper sanwocompu3emsng at | east one of a water sol ubl e cach@szbiosaasd, a
wat er soluble salt of a carboxylic acid, a water sol uble polycarboxylic
acid, a phosphate or a silicate, and with an al kalizing agent wherein the
pH of the nano titania sol after contacting is in a range of between about
4.0 and about 10.0; and (b) subjecting the pH adjusted nano titania sol to
menbr ane jHhiish rabpiiic FRImBERMH. IANYiNG e SHC the MEIFRE ARG h(%pie()ést b YRkid séihe nano
titania sol contains nore than 300 g Ti O2nanoparticles/dn8. 2. The process
accor di ngoroducedl an Prapheiyh Exahple thes prapaed intasi saingotencmpasifisn worteiniigan 5009
Ti 02nanop ' The process according to claim1 or 2, wherein

t he rrerrbrtg%lgdlﬁ“ﬁ%g%r}?p@ﬁlg?% crossflow filtration or crossflow filtration
with vibration. 4. The process according to claim1l or 2, or claim3,
wherein the provided acidic nano titania sol is produced froma

subst ant fFaHHy—sutphate—+oen—f+ree—agueeus—suspensten—ef—titanta—hydrate
contacted with astr%gnr(r)lr)lgnprotic aci d. % wiw
Butylene glycol 3
Ethanol 12
Perfume suitable amount
Silicic anhydride 3
Kaolin 2
Nanotitania sol 80
(diluted with water to provide 12.5 g TiOy/1)

[0056] The above-disclosed subject matter is to be considered illustrative, and not
restrictive, and the appended claims are intended to cover all such modifications,
enhancements, and other embodiments, which fall within the true scope of the present
invention. Thus, to the maximum extent allowed by law, the scope of the present
invention is to be determined by the broadest permissible interpretation of the following
claims and their equivalents, and shall not be restricted or limited by the foregoing

detailed description.
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5. The process according to claiml1 or 2, or claim3 or 4, wherein the
wat er sol uble carboxylic acid is an a-hydroxy carboxylic acid or a
P- hydr oxywoanhimsyissc aci d and the water sol ubl e pol ycar poxydB2010a5issi s a
di carboxylic acid or a tricarboxylic acid. 6. The process according to
claiml or 2, or any of clainms 3-5, wherein the water sol uble carboxylic
acidis citric acid. 7. The process according to claiml1l or 2, or any of
clainms 3-6, wherein the nano titania sol consists essentially of anatase
Ti O nanoparticles having a particle size of less than 150 nm 8. The
process awtPigLAMEDAaKM 7, wherein the Ti Q2 nanoparticles have a
particle size of less than 100 nm 9. The process according to claim1l or
2, or any ﬁ% cl ai 3-3,.mherein t he al kalizing agent is a water sol uble
2l Kanol an-nd PERCEHBT PAdUHgET ERie gt dngno iR P oBRE R8T or di ng 1o ol aim 1 or
2, or any of clainms 3-9, wherein the pH adjusted nano titania sol is
contacted with a(amhtaden@as hcidtimafg tBARP sobWithos dasppesintoehn@ristrighet
sufficient to reduce the nano titania sol's conductivity to less than 10
nsS/ cm least one of a water soluble carboxylic acid, a water soluble salt of a

carboxylic acid, a water soluble polycarboxylic acid, a phosphate or a silicate,

and with an alkalizing agent whercin the pH of the nano titania sol after

contacting is in a range of between about 4.0 and about 10.0; and

(b) subjecting the pH adjusted nano titania sol to membrane filtration and
continuing such membrane filtration until the nano titania sol contains more

than 300 g TiO, nanoparticles/dm’.

2. The process according to claim 1, wherein the nano titania sol contains more than

500g TiO, nanoparticles/dm’.

3. The process according to claim 1 or 2, wherein the membrane filtration is crossflow

filtration or crossflow filtration with vibration.

4. The process according to claim 1 or 2, or claim 3, wherein the provided acidic nano
titania sol is produced from a substantially sulphate-ion-free aqueous suspension of

titania hydrate contacted with a strong monoprotic acid.

5. The process according to claim 1 or 2, or claim 3 or 4, wherein the water soluble
carboxylic acid is an a-hydroxy carboxylic acid or a B-hydroxy carboxylic acid and the

water soluble polycarboxylic acid is a dicarboxylic acid or a tricarboxylic acid.

6. The process according to claim 1 or 2, or any of claims 3-5, wherein the water soluble

carboxylic acid is citric acid.
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11. A concentrated aqueous nano titania sol produced according to the
process of claim1 or 2, or any of clainms 3-10. 12. The process according
to any orwoabiw3zises 1- 10, wherein the nano titani a sol pcs/cB2bjoasi|ad to a
coating treatnent either before step (b) or during step (b) after the pH
adj usted nano titania sol has been contacted with the washing agent to
renove sol uble salts fromthe nano titania sol but prior to concentrating
the nano titania sol. 13. The process according to claim12, wherein the

coating ty ephdpRtes %&R{rdhﬁg% S92k bNgr éﬁ%f@d"ﬁs Bid dNeriS Bl ndhd Hiadld
al kal i ne coating agent and a cation exchange resin’at a rate such that the

pH of t hesohapwisty esapitalls of anaipwi HE: inAncpartipingdapmgveratidboize of 19s sl about
10. 0 duri g@e coating treatnment. 14. The process according to claim 12,
wherei n the coatlng treatment conprises contacting the nano titania sol
with an acidic coating agent and an anion exchange resin at a rate such

that the pHrpl,kbe, nanoshi 80 $and STRAIS 0. bk ANIE G YEERCARDH 4. O

and about urlng e“coating trea e process according to
cl ai m 13, ofilkssrtiednnl O0men.al kal i ne coati ng agent conprises sodiumsilicate,
potassium silicate, sodiumalumnate or m xtures thereof. 16. The process
according to claim 14, wherein the acidic coating agent conprises al um num
chl ori de, 9.allherprogmsssuet eldaggo etaia Imbix2 urreanty odreddds 3-8, wherein the alkalizing

agent is a water soluble alkanolamine or choline hydroxide.

10. The process according to claim 1 or 2, or any of claims 3-9, wherein the pH adjusted
nano titania sol is contacted with a washing agent during step (b) for a period of time

sufficient to reduce the nano titania sol’s conductivity to less than 10 mS/cm.

11. A concentrated aqueous nano titania sol produced according to the process of claim 1

or 2, or any of claims 3-10.

12. The process according to any one of claims 1-10, wherein the nano titania sol is
subjected to a coating treatment cither before step (b) or during step (b) after the pH
adjusted nano titania sol has been contacted with the washing agent to remove soluble

salts from the nano titania sol but prior to concentrating the nano titania sol.

13. The process according to claim 12, wherein the coating treatment comprises
contacting the nano titania sol with an alkaline coating agent and a cation exchange resin
at a rate such that the pH of the nano titania sol remains in a range between about 4.0 and

about 10.0 during the coating treatment.

14. The process according to claim 12, wherein the coating treatment comprises
contacting the nano titania sol with an acidic coating agent and an anion exchange resin
at a rate such that the pH of the nano titania sol remains in a range between about 4.0 and

about 10.0 during the coating treatment.
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17. A concentrated aqueous nano titania sol produced according to the
process of any one of clainms 12-16. 18. A catalytic conposition conprising
t he concewbnatidsmgueous nano titania sol produced accordirgp2m/dsiaspr ocess
of any one of clains 1-10. 19. A nethod for protecting a surface of a
substrate from UV radi ati on conprising applying the concentrated agueous
nanotitania sol produced according to the process of any one of clains
12-16, optionally in the presence a binder nmedium to the surface of the

substrateq OTBQEoch@sspz[c%r‘ﬁﬁ{g' Mec1£RAT 3 NGhQBnthe aRUATAERAE abhR SHPsiLdat e.
20. A method for degrading or inactivating contam nants- or pol lutants that

cont act asodinnf sibieats pRfsiiwngicaiopiodivmgalamesteadrynixgiesdhgosfi t i on conpri si ng

t he concentrated agueous nanotitania sol produced according to the process
of any one of clains 1-10 to the surface and allow ng the surface to be

i rradi at elp-wilhp rungess g¢derding itgylstaimni4, evhern doneeificnepatiag geens slompriagst s

contact the ﬁ@ﬁkﬁﬁﬁuh %ﬁ rﬁn?ﬁ@&gﬂgx%ﬁn ﬁﬁé&F%ofonpr|S|ng t he concentrated

aqueous nano ania 30 rod accor |ng he process of any one of
claims 1-10 or 12-16. 22. A process for producing a concentrated

Nanot i t anjA K0lonEQMIciSiqi%us o RV RSAL A%hHiS RARE k@i uso!

one of claims 12-16.

18. A catalytic composition comprising the concentrated aqueous nano titania sol

produced according to the process of any one of claims 1-10.

19. A method for protecting a surface of a substrate from UV radiation comprising
applying the concentrated aqueous nanotitania sol produced according to the process of
any one of claims 12-16, optionally in the presence a binder medium, to the surface of the

substrate to form a protective coating on the surface of the substrate.

20. A method for degrading or inactivating contaminants or pollutants that contact a
surface comprising applying a catalytic composition comprising the concentrated
aqueous nanotitania sol produced according to the process of any one of claims 1-10 to
the surface and allowing the surface to be irradiated with UV/visible light while the

contaminants or pollutants contact the surface.

21. A coating or article comprising the concentrated aqueous nano titania sol produced

according to the process of any one of claims 1-10 or 12-16.

22. A process for producing a concentrated nanotitania sol comprising:
(a) providing an acidic nano titania sol;

(b) contacting the acidic nano titania sol with a dispersant comprising at
least one of a water soluble carboxylic acid, a water soluble salt of a

carboxylic acid, a water soluble polycarboxylic acid, a phosphate or a
20



(b) contacting the acidic nano titania sol with a dispersant conprising at

| east one of a water soluble carboxylic acid, a water soluble salt of a

car boxyl iwoaoiwh3zmewat er sol ubl e pol ycarboxylic acid, arphesehaisias a
silicate, and with an al kalizing agent wherein the pH of the nano titania
sol after contacting is in a range of between about 4.0 and about 10.0; and
(c) subjecting the pH adjusted nano titania sol to nenbrane filtration and
continuing such nmenbrane filtration until the nano titania sol contains

nmore than 300 g Ti 0ZRARORAL tif £5418MBing agent wherein the pH of the nano titania

sol after contacting is in a range of between about 4.0 and about 10.0; and
(c) subjecting the pH adjusted nano titania sol to membrane filtration and

continuing such membrane filtration until the nano titania sol contains

more than 300 g TiO, nanoparticles/dm”.
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