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material for forming such transparent coatings.

[0004] For example, U.S. Patent No. 6,420,437 to Mori et al, which is hereby
incorporated by reference, discloses a neutral titanium dioxide colloid sol said to have
high stability in a neutral range and which is capable of forming a colorless transparent
coating even when dried at room temperature. The sol is produced by mixing an acid
titanium dioxide sol comprising 50 to 100 parts by weight of titanium dioxide colloidal
particles and 5 to 50 parts by weight of a chelating agent for titanium ions with 1 to 50
parts by weight of an alkaline substance comprising at least one of alkali metal

compounds and amine compounds, and optionally by adjusting the pH value of the liquid
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more than 7 hours. The titanium compound can be, among others, tetraisopropanol
titanium (titanium isopropoxide) and among the numerous stabilizers, glycolic acid is
said to be suitable. The neutral titanium dioxide colloid solution prepared by the method
are said to be stable and transparent.

[0008] Despite these advances in the art, there is considerable room for
improvement as each of the known sols is not without its disadvantages. It is therefore an

object of the invention to provide sols comprising photocatalytic titanium dioxide which
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temperature between about 70°C and about 150°C for a period of time between about
three hours and about 3 days. While it is required that the one or more alpha-hydroxy
carboxylic acids be present during the thermal treatment step, it will be understood that
they can be introduced during any of steps (i)-(iv). In one variant of the inventive
method, the thermal treatment is advantageously carried out without a prior neutralization
step. In another variant, the one or more alpha-hydroxy carboxylic acids will not include

glycolic acid.
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removal is “substantial” can be determined by the methods provided in the examples,
where “substantial” removal refers to reduction in the total concentration of a fixed
amount of given pollutant by at least about 5%, preferably at least about 10%, and more
preferably at least about 15%.

[0017] The method for preparing stable, transparent sols of colloidal
photocatalytic titanium dioxide according to the invention generally comprises: (1)
providing a solution of a titanium containing compound; (2) precipitating amorphous
hydrous titanium dioxide from the solution; (3) dispersing the precipitated titanium
dioxide in water and mixing with a peptizing agent at a temperature between about 70°C

and about 150°C for a period of time between about three hours and about 3 days;



where "substantial" renoval refers to reduction in the
total concentration of a fixed anobunt of given

wEoiovewss by at | east about 5% preferably atPCEEHS1008/074879
about 10% and nore preferably at |east about 15%
[0017] The nmethod for preparing stable, transparent
sol s of colloidal photocatalytic titanium di oxide

whé&&r° rtk% %gptﬁz(?n% I'hgehtn\é Ph&:@ G NEpIR-hyiar&RaIbRSlC (atid; thereby
provi tron of a titaniumcontal ning

proomlmgom sdble( Fangparent poltconiprigingrmanppasticles pf paataset titapipmydioxide
di oxi de. fraom ﬁhe sol uti on

naheos Bt 9 vt Abnuth gk iovmorf SAERPRE (o inglismeter. and
pre?er%ﬁggésg {Hagd ogg%ﬁ{cl &bt & ARPRIddHéter. bet ween about 700C

out or a period of tinme between about
[008] ee hoThs tizaniura bantaiBng aopmpatied enay beany GAMPIUAE capable of

for{%%g] F@&P%Ppét%ﬁ%ﬁ?)g gﬂ%ﬁgmﬁaaﬁ%}ﬁ%{ Slg cﬁgé 2\%%%&6 lchrﬂﬁht%n a tlgt’amum
alk&?iﬁ?pﬂra'iﬁlﬁﬁ e(ﬁ(y@lflloﬁaé‘t BRRYIL k1A, Umaﬂyloéctdﬂﬁa&bﬁyna@ @hd the like.

e size’l'ess than or equal to about 10

Suiebilo ietnéurs alkuxides ninduderevighqut dimitasionf dtaapiny ethoxide; figgnium n-
or equal to about 5. mJn d|a

prqppiugﬁ,l HW&%tl%ﬂm‘?Rﬂ:’él o )})uBOéug a%%] tltznl%m n-butoxide, to
nalﬁ@p?bl] &. Obtifedr AIRdidRs pﬁr@%l@d)t@ﬁn@elﬂfﬁlat%ﬂt wﬁlbdmsuﬁtabkl deTitanium
I nc glng wthout [imtation, a titanium al koxi de,

isopidpaxide s cnxym’rdmllyl prefertedlt titayihms mlftan@g ¢qreRaind according to the
acetyl acet onat ¢,

ani um
mVSP“k‘EB(?thég PRR¢P iy éow 9\?# ﬁ’b%fella}l% Vﬁle?sa ?f%&dle%l§§t1§zanl um
[O(ﬁbg‘ oxi dept i shffiioH BfRE ARAM UMEcontdihiAR | domponnd rmmo ké d@, aqueous
aniumtert-butoxide, and titanium n-butoxi
solntiome oa mayncornpricede Avikabld gesanisr solvans SuehnAY éﬁﬁllcéf‘eh fpg, example,

ethglg%]fs%l 1}5@ (%lr(%epa{lg—ll tRRLUT 'eg‘sg,ﬂﬁﬁgpfﬁl) dEnduRi dﬁuﬂhE: &Bhtehtration of the

ahi um cont’al ni ng conpoun accordl n

solufi6n | 61 &g |t@ihlﬁhlecd)lﬂalﬂﬂigt compourmsl, Iaithoug]stitaimdpgeg@rablyvgltably
ease of hydrol Sis. OOlg&lﬁ]The sol ution of . B p itat

congentrpied setoeiikeBotSS PE AR RICHRYAIRD 4P, ORTASs Procipitation may

be Etlé ctteao %é/ Cohtgl;ﬂgp{neﬁl%da 1§é111&1§§| Withd aﬁini:tat%ﬂ VRytrolysis, pH

exanpl e, ~ et hanol or
adjuS@nddt, Ocﬁadd)Nent-gﬂ‘iﬁfrg i Bheepreeipitatain method corpdeyedi \wﬂl ledetermined
t he concentration of the sol ution of tge tita

g FEICE SR8 R TRCOMBUNE gy EPEPBIIe. Fodrolysis i the
précilérr&?gk%é aﬁqﬁﬂ&? HhéRSE %h%{-éc t i3hiubd Sortt SRR &ﬁmﬂfunﬂh@ a titanium

on are optim ze Precipitati on may
allafxid@cdratatiymaicytyicetonitt anBlllﬂarmim omhlmdmgowtam:l@ulfatcs which
limtation, hydrolysis, pH a

arg paiee pelublei pneclﬁgatlomé bestears ﬁ’zs Hﬁ@%‘&%&&gogglamg the pH)

or\‘r\)ny addgl% adsoﬁ\?enmnn\gﬁlch the compound is essentially insoluble, such as acetone or

higher alcohols (“solvent shifting”). By “essentially insoluble” is meant that the
solubility of the titanium containing compound is sufficiently low in the solvent to permit
titanium dioxide to precipitate from solution when contacted with the second solvent. By
“higher” alcohols is meant Cs alcohols or greater, including, without limitation, pentanol,
hexanol, heptanol, octanol, etc.

[0020] The amorphous hydrous titanium dioxide precipitate is typically collected

by filtration and thoroughly washed with de-ionized water prior to re-dispersion. The
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by weight. The amount of peptizing agent required will typically range from about 0.1 to
about 0.5 moles per mole of TiO, precipitate. Without wishing to be bound by any
particular theory, it is believed that the peptizing agent prevents or inhibits flocculation
and exerts a chelating effect on the growing crystallites during the thermal treatment to
limit the crystallite size and to provide stability to the resultant sol.

[0022] The peptization is typically carried out at a temperature from about 70°C

to about 150°C (thermal treatment) for a period of time from about 3 hours to about 3
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ation is typically carried out at a
nedessaper &oweeer, ritoin \alblun tthei espetal tb‘b ventiom rcoptignaygjust pH as

r
desérﬁgut 5@39} @‘ﬁd‘&r %eé’l sl%(%sf]hla sjchtr%loeta %eg gg‘ir%iﬁ Df ofanic or
mo{F}%ﬁEJ alyags thelugflgut mmomr I Qlltmtaﬁoﬁhelterr&buuy}aaanm nthethylamme

efore, in nbodi t h
i i W e
AN Zﬁ gnr\%télrel t(l)lF:IS #fl gl!i]al?ys(gQ%S'I ltj{’ew gﬂ:‘ sﬁ‘)b&fbs%p}a The stability

ng t er mal
of H{eeﬁ)tlg"ﬁﬁ& be! thediafed B aNfunoticid oﬂﬂﬁfdhbngwmptearfspammmever time. A
petizatidon in a seal ed hydrothermal reactor due to ?
“steloln’C ool tsaome wh@he@% nphVE’fbélé%?U@C 1BdFﬁ§15E%Fff§Y over a One wo, or

pr%éal}l%'l Ee{e:%h%t ]%ave &%h roggpﬁ%&}’a%l]eabﬂt s hbOMcessary to

een tound suitable for use in
indlie ﬁllﬁﬁibﬂizh@ i@ht rsaelc s ciose 'Bhﬂ:ribedr‘mn &é&c?@c@ Prby 2964/0241502,
pl aced in roll er oven or th I oV

inqomprriatl bE SeTETnPORICIENG TP S &% toa@ﬁsg agﬁorgfgé% §}e ipyention.
[0 @)‘gﬁ spar gﬁ‘t %?lflcé% szezgt“aalngﬁ?ggtﬁlﬁﬂﬁy $labas@nRilS) MaY deaddtermined by

any (acidic, neutral, or
traR @i sSibn @Mt troh eiefostapyFEM) mscbthﬂmrultable maganp.e d&e g@aryum dioxide

Ho
e i o SB35 HERfd fpou 20m.

m@rgqg A, $ebweelBboRC1 A Hid SSbURMOUBE, d%r%fe%bljbfbetween about 1
I'C "0r I norganic base, including wt

andi ahohaﬁl on, Ilnemmelbcmydxamen@, thgi sutbaiantiatynall of the titanium dioxide

crystallites will have a particles sizes less than or equal to about 10 nm, and preferably

less than or equal to about 5 nm. By “substantially all” is meant that the Dgg value is less

than or equal to the indicated size, on a weight basis. The titanium dioxide sols will

typically comprise a majority (i.e., > 50%) of crystallites in the anatase form, with only a

minority of the crystallites being in the rutile form. In various embodiments, at least

60%, at least 70%, at least 80%, or at least 90% of the crystallites are in the anatase



t et ramet hyl ammoni um hydr oxi de, ammoni um hydr oxi de, and

the like. The transparency of the sols may be observed
Werohe29ssé sual |y or by UV-visible spectroscopyPCIVHE2008/074879

stability of the sols may be neasured as a function of

the change in transparency over tine. A "stable" so

i's one which does not visibly change in transparency
cry&Xﬁﬁleg Hl?e'ln ofRr eMboBingdn®, f’l‘l}i’é Mta‘hﬁfn@ Qi éb1o sk fb& %hbﬂﬁhtlally

r oom t enper at ur é. IS not necessar

fre¢ BE thed@mtike atystailine Zomg l@gwhtch 1s wafantithat fess ehaetler pwéfaably less

e e PN B e
crygt%gf%%ﬂﬁ R dnBehet ?iﬁ%ﬂaﬁ&'ﬁt th® Gigthiurt RoRa¢ 19 @(b(’% Sh 4Be anatase

crystal |n| ty (anatase/rutile) may be determ ned
forhy transm ssion electron mcroscopy (TEM or other

0038} Sl Ty v KpephE RO B HBoG o o abblioR by weight
tltahlﬁ‘ﬁ‘ dixRRUbase® o Mhe 9041 Bvdigti ofahd Yompesitie NMabo typwihllymhe sols

about 10 nm and preferably between apout Jb

will bompn@ fiom abentd7h b aboteh Hfforhrit e ghtt e SmBEeXRR i af’q%fn the total
the titani dj r

el o b St LB LGP LRttty s

wid ehifleall YoH eﬁlﬁle%h@ﬁbl&ﬁngcuéﬁhc t perARUtNnd basic B;ndluons In one

"subs antlal all" is neant that the D val ue i Esf
embhdiment theguedd ilbbe stablengndciransgargnt ever she Sm\l/&éfyg?]fs each of the pH

basi Th I
rane ?rﬁf 14 <§ ﬁ'agt ﬁliggl g %x'ﬁﬁ‘@ﬁg dﬁ/% ¥)\H dt Ct%% gﬂt)lg?xba*y%’%esaclljusted from
acitift€toPRfads € f)Qsﬁén ad& {ibe @Bisy, ﬁltm)lftdfavtr;g ofmdak@rable impact on the

crystallites being in the rutile form In various
traemmplvrehﬁtgbﬂlat | east 60% at |east 70% at |east 80%

[O@rﬂt asec : é)? ¢ ﬁcforcglﬂg t8r ’?)H%Er)ﬁén {rlre&}f{ﬂ e1nc1ude additional

m%‘ré&@x‘ﬁb %\Qd&i’(tlﬁf«‘ tifeOAdditiéd bf b@:hsm@ﬁgd&mts addsyndt rlmee (af measurable
he rutile crystalline form by vvhlchlsrrent at
negas itmpast 6V eitherethe risaRsPareREyson ﬁalﬂhgy gfy& "a n%qrecxample it is

Co{‘)tﬁglpf } k}?eeyslgqlt%%@ 141(1,;1@% nl%tu lﬂ?n an er e ﬁgﬁ n'ELa%rgamc

soIv@ﬁts gé b adlboholy)] fvu-Eeiisg ilﬁ@%eqltestehag apaits pH ﬁ@nsters etc. In one

25] "The sols wll typically conprise from aboyt
entb@damm,t theoselpyvillehey fiee taf t’é’\lﬁﬁaﬁ ﬁ?lmnpebesa% frR oW lit‘ﬁ‘g and the

b Mk FRARAL, O, PO bt st

am¥RinBHYf shiéh Aial iBnd lafxddded tdasedls@n 1ﬁthlendd@ttabrewagbms tfyond any
the conposition. The sols exhibit excellent

trace an@paisewvyh arripTssen 2 impURRs,in AheiAnIYm sipting mgjgrial or other

13%%5 including acidic, neutral, and basic
|t|ons In one
[0027] While the sols according to the invention are transparent, it has also

advantageously been found the films formed from the sols when applied to a substrate are
also transparent. Included in the invention is therefore a method of forming a transparent
photocatalytic de-polluting, self-cleaning film or coating on a substrate comprising
applying to the substrate any of the sols according to the invention. The films are

allowed to dry to a transparent coating having good adhesion to the substrate. There is



enbodi nent the sols will be stable and transparent

over the entirety of each of the pH ranges of 1 to <6;
W@2®9/02088 >8 to 13. Further, the pH of the sol BCHH§200&074879

adjusted fromacidic to neutral to basic, and vice

versa, w thout having a neasurable inpact on the

transparency or stability. [0026] The sols according

' nc Gebitdll @nas, polymeric,

essp g SceL IEEY"Sh 3 FRre B R sl LU Al 8RS, polym
wobd) @J&@ﬂne Maperd asilen and leather subseateviaraloheh coatrampleted fpaguitable.

10028} °exanbhe Sable, e gL A b itharipyla Wiy gy spplicaton
whefd é/h%%%a{%ﬂﬁracﬁmy %&Ts%d b@ﬁeetb'tﬁé dahspae@h hanrdbOMRI sols, they
solvent's , I mformng aids,

ared égpllesuited fuy cagmg sm,rfapebﬂ \ahiphl stethemsedyes. transpasers (i.e., glass) or for
enhodi nent, the s

f f
Provihipg g 6RRSNE- WAL d&ﬁsd n&é % ﬁ't hApReangs o ack1 | n‘ngiéﬂ lggsﬁlgsmte
No@% (f‘t t&?%lﬁ%ﬁbﬁ’éj li e G dRD | ithdRy H’iﬁitzﬁfbn' phomemklytioatoaiags for air de-

anounts of such netal ions are added to the
pokhution wrrohdswfavesiipavers pn@pﬁxamtq t@as buddinggxigrprs; vardow glass, car

HETOCIEN N T ——
ethHuL: %o Eﬂ%eseﬁqléanﬁfgcﬁbﬁérﬂgs foQrbiige sauBERk la0d séil-ess products as well

transparent, it has al so advantageously been found the
astN-pmta‘cuomed fromthe soI s when applied to a substrate

are al so transparent. c]]giﬁ eqe n the invention is
therefore a nethod of for a transparent

hot ocat al tlc de- | f-cleani
o3 g ohtranssas: Ravutdifgse Sae k)b I plifel was propared
as ?ﬂﬁﬁ)&sr (% é}fﬁ’taﬁlﬁmt 1|§@pr§€d))§d@(3&l@£ Alesrd, 937} hﬂutbdll‘bg rﬂ)gompropanol
| ng are al dry to a transparent_ coati ng,
wls addetgslgwtydoa?dﬂg simmzx:@ wiakes ugd@sﬁ@noag agitatipay gifter the precipitation

I S%@ﬁﬁn&ﬁ% the pggagfog \ggﬁlhﬂ@r}tg%%g g %%&é ?lg)mﬁtg?g’txﬁl%{%s The

préc?ﬁﬂa'té Gas fHef filt%ﬁrd%ﬁ veddR&d wath 880@6Ed¢€iagibed watce. ITWhaMShed wet
to be suitable. 028] The stable, transparent_ sol
filter b*kefwmwamrsexﬁmadelmeld.wa;er tA 2:4Atp! wsiEht BhIREHSPRRRATOf 250g.

i e

Tlﬁtﬂléyféﬁhlélpﬁ/a§é}ﬂtfrgefdgnwcfnﬂ£%e dlfbkheamal fehetosll Y2 ml capacity, Parr
transparent (i.e., glass) or tor providing a coat |eHg
Inﬁthnmen@dmedomt}aﬂeﬁ@n chRs %mb]é@r ahbe bembs prers, H@@rplyq gna roller

subst r at ,ons h
t

o B e AP R 558 B e SO et s
m&lfRAedYb PNh&Es." AdEr TdlsbBEded Wﬁfosroamdempélamre, its pH was 2.3.

tiles, building exteriors, w ndow gl ass
Tert- butylamme (Alfa Aesar, 98%) was "added to the Sol to ac’ljust the pH to 7.0. The final
sol product was stable and completely transparent and TEM examination revealed that it
contained < 5 nm crystalline TiO, nanoparticles. Measurement of d-space on high
resolution TEM images indicated that majority of the crystallites were anatase (>50%)

with rutile as secondary phase (<50%).



wi ndshields and the like. The sols will also find
utility on fabrics, furniture, art works, etc., due to
w0 b@ezdste cl eani ng properties to provi de stai NPEEES2081074879

soil -l ess products as well as UV-protection. Exanple 1
[0029] A transparent titanium dioxide sol according to
the invention was prepared as follows. 50g of titanium

i sopropoxi de (Al fa Aggﬁ;mr\mg{;g@xg{l jetied by 509

ed slo

i sopropanol was add y to Og dei oni zed wat er
er stron I tation. .Af e i, pi j
[(mtgﬂfani un{\aaﬁ;&?‘%g’as pﬁgﬂg%ﬁg%ﬁ({ %artr]lpe v\%lg{hﬁgiag %ﬁ){eagibflgé, except that
7.6%?%9%&%{3)(@ Wi. WY sBRition) W aP 18 i th@peptivisg b instead of lactic
iltered and washed with 500g of deionized wgﬁter. The
acidagifted, papsization, t & s kepngarsd r wable plpts B jan TIENo iPgpnsparent

a water to a tot al weight of the dispersion of 250g. 6g
PRSFIA"5%ti ¢ acid (Al fa Aesar, 85%in water) was added to

t he di spersion and m xed ENeaH 1o g e di spersion was
charged into bonb-type hy&‘ro ermal reactors (125 m
capacity, Parr Instrunents)_lined with Tef]l on cunps
0038 e atkosicalbracaien ohFxBae: it pafd tor PG % fHffparent
tit#ﬁ%rh'd?(%(i?@ ?&dac%rd%%a@o Meanderi@APei@ptffat a8y &t rafeli€acid (Alfa

treat nent was Intained for 24 hours. After the
Acsal 99nphvasl uskavinsteal ofdactid wipey the peptizing sgquk Whe rezulgant sol was

ok o ML A AT 3, eSS 95 9 OB e 2550k o,
na§@%§§q§es§%ﬁ%l&i&! YEM &‘-gﬁz{?:@rrﬁ&tsuﬁﬂfént-r Ve QX@ b Al ity of the
reveal ed a <5

t 1t contalne nmcrystalline Ti Q2

crysailixpa meire lapstaseMeed®dr)ewh tanofinkilowp asseomsiar hiphse (<50%) showing

resglution TEM i s indicated that majority of the
unpsuplly Jarge fl'éEaC\ﬁé’rng%ﬁ%{Pase (>50% with rutile as

secondary phase (<50% . Conparative Exanple 1 [0030] A

sanpl e was prepared by t NeXamBig et hod as for Exanpl e

1, except that 7.6g of nitric acid (69 w. % sol ution)
[0032] used Tie itltricplpiocedune of Feamplenk thag dised tQ RESPRES a transparent

.acid. .Af.ter pepti.zation, .the. sol 4k d
o PR BRSO LA B vas e
indtQRBK 1ackheaci d@NthE paptikeRet ikl hE pepdaaibe tbatment wae thaintained

to prepare a transparent tltanludeOXIdi I o led
fonthees dﬁ)ﬁgTh@ reshbant sobas siablecand dnspascit: Eglg exgmination reveale
thztlta}{ E(%rtelliﬁeda £ '5qmg ‘%(f)zananopanicles. High resolution TEM d-space measurement
revealed that majority of the crystallites were anatase (>50%) with an unknown

secondary phase (<50%) showing unusually large d-space of ~0.6 nm.
Example 4

[0033] The identical procedure of Example 1 was used to prepare a transparent
titanium dioxide sol according to the invention, except that 4.0g of lactic acid was used
and the peptization was carried out at 120°C under hydrothermal conditions for 2 days.
The acidic sol was neutralized to pH 8.0 with tert-butylamine. The sol product was stable
and transparent. TEM images show well crystallized 5 nm TiO; nanoparticles.
Measurement of d-space on high resolution TEM images indicated that majority of the

crystallites were anatase (>50%) with rutile as secondary phase (<50%).
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Aesar, 99% was used instead of lactic acid as the
pepti zi ng agent. The resultant sol was stable and
W@ e@nspmsent . TEM exam nation reveal ed that i tPCT/US2008/074879
contained < 5 nm Ti O nanoparticles. H gh resolution
TEM d- space neasurenent reveal ed that mpjority of the
crystallites were anatase (>50% w th an unknown
secondary phase (<50% slgi\ﬁ@@gbynusually | ar ge d-space
of ~0.6 nm Exanple 3 [0032] The identical procedure
f Exanp 1 S_.,us
10038] an; B e e SR egbid R ERERRS Y, HECRSRACRREpare o transparent
titaBHGE Bloxideadbl Aokdn®fo thk tifveatia iedcopnshay 6y ofriataadecid was used

and PhespapEARIoR ST et OIC PR Ry aeriah BSRGUGR (78 dmvs
Thl? géidl%%l @%ﬁge%u@raﬁ%h fop'8.0avi e ert-bUEY} NThdtsbloproduct was stable

veal ed it contained < 5 nmTi G2 nanoparticl es. _
andHtighspagsol (REMninEEd shospael arpsialliveshd mm liQe aprepatticlgs. High

resRgn M Bt et et derealih el IRIARS O e dilalites were
an%t%sée%ﬁS@‘(@ RAHE a? nk&\ﬁ} Eﬁéxbg%?'ﬂ%& ¢5b6H 3Bbwitizeunusually large d-

procedure € 1 was used to prepare a
spdceafisp#mant titani um di oxi de sol according to the

i nvention, except that 4.0y of lactic acid was used

and the peptization was cBxampdel6out at 1200C under

hydr ot hermal conditions for 2 days. The acidic sol was
[0085yt r al i Z2dadsPaseht SaRiund dibxide sbl-deodrdirgtd nie inVérgicmovas prepared

product was stable and transparent. TEM i mges show )
as\fellows r P8 aif | titaumsisapropexide s gpixed ivathean 199pERFNEhsglption of

f. d- hi gh. g TEM I i.ndi ..
EL CEENET ) FR —
wllh Baf Wdwi§ e SmABIREONgPRAREON <OAKr hyadDisis, Shd @BiBation was

e 1dentiCal procedure of anple 1 was used to , .
mgnepeddor 1§ mainsisar after whieh teupreaipHaEe dkassiParicdoby pepyrifugation

to, the i nvention, exc ' b G i
anilse doe S e SR S Rit,at iyl sl WA 8T Bispersed in
wHEO0Er 2 YA e BRITBIS0E0MCWhS eRsgddoin bdnetaseactodshandainéatidcin a roller

sol was neutralized to pH 8.0 with tert-butlyl amne. .. d
ovehat 8QIC for Godays. Whe sek sepipte with PH abauh 2/ 0:3% P eﬂf’é% 3 gdiwsted to

W | crystallize ' articles. High
pl'ig(sbo‘fl\ﬁﬂe 'b“féﬁﬂ“b‘lesé %Vgs rér%@g]ﬁ;r[aergr)e%}}s?%%ggeal ed t hat )
majority of the crystalli Eggm%rf

[0036] This example provides a larger scale preparation of the sol of Example 5.
The sample was same as used in Example 5, except that instead of 125 ml bombs, a two
liter hydrothermal reactor equipped with a heater, a Teflon liner and a magnet drive
stirrer was used for the sample preparation. With this reactor, a sample of about 1.5 kg
was obtained in each batch. The appearance, properties and photocatalytic performance

were substantially the same as Example 5.
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anatase (>50% w th an unknown secondary phase (<50%

wo R enepar ent. i tan um di oxi de sol achep BRI A

the invention was prepared as follows. 50g of titanium
I sopropoxi de was m xed wi th an isopropanol solution of
tartaric acid (12.5g tartaric acid in | OQg

i sopropanol). To this m 125g of dei oni zed wat er
was sl owy added under s?%%ﬁn@eggitati on. After

drol ysis,. the i tation wa [ j .
0033t eg 10 e PP SR BRI (B8 s Bt 8 s grpouror
and GRB&ipitftenadi TI0ANds taffects® per pHi afijliistmérayeith wasar@oniat ethtion.

off. The wet solid |layer was re-dispersed in water t? :

950g of GamumexyHHiats sopsy, | Watehdd 9% Brgd 1 ﬂ% Snpysis, Millennium

t ~ [ £r. .oygn .
ol hinPl) VSRS 8 B BBLET Y S Sl 250 o
deicailjiedsi ek, t Sinpittafedslyi the dnembnib sblpkiani(28%) s addedstbahé beaker

and transparent. Exanple 7 [0Q36] This exanpl e
at apragsy thas gneintagied sthe SEhOE the &95HeR MYRUET at ﬁ}éonlg(ﬁ.o Jhroughout the

=X h . - .
prec R Sypoce T 0B Y18 3% B8 R @S DOSHARES ocfore it was
filtehgttlamat washed lwitteadt off dedopizeuipesteni The svabheslt et prcipithleomas then

liner and a magnet drive stirrer s..used for the
recisBeTHOan I BHAREEE Bt 0 § Pt et R SPeion Ao 1400e. 45g of
tartAROAGd vas alifed'RSthO RIspERRA Wwith Sleing Al GRe difPérsion was charged in
appear ance, properties and photocatal ytic perfornmance
the Rr leydsethennzah tréaxkdrydestrebed dndixampie dndt &vas tERtgdd1ydraghermally at

IR AP (R —
simf¥aStodhd %ﬁ%gd&%ﬂl%ﬂ Adisipest wi th an ammoni a

sol ut1 on. Qg of titanium oxysulfate solution in

water (7.9% based on Ti is, MIIlennium
I norgani ¢ Chemi cal s) vvas%g%ggig)it 25 m/mnto a4l

0368 B0, B SR8, HERR . Blyingn g from e
sols &cbitnPBakE Invehtich, ERlDld dTaHxafipldatRUNs hndewerd depodifed as thin

reaction mxture at about 8.0 throughout,the

layqrs enicpidreteisobstpatesd@bant 0Thml pf ealiopi anat&ecmiagres) forgieiSamples A,
B, €SB, ey TSRl B, 3p8r € et
W/RPEGLPIHat&edaS 1ah8ls intervals over a period of about 4,000 hours. The
methodology for determining NOx reduction was substantially as described in U.S.
Patent Pub. 2007/0167551, the disclosure of which is hereby incorporated by reference.
As shown in Figure 1, each of the samples showed substantial (i.e., greater than about
15%) photocatalytic activity, expressed as %NOx removal, over the entire time period.
Interestingly, samples A, B, and C, which were prepared by hydrolysis of titanium
isopropoxide, exhibited increasing %NOx removal over time, whereas sample D, which
was prepared by pH induced precipitation from titanium oxysulfate (TiOSO,), showed
extremely high (e.g., between about 50% and about 75%) initial %NOX removal up to
about 1,500 hours with a gradual leveling off above about 45% NOx removal.
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redi spersed with deionized water to a total weight of

t he di spersion about 1,400g. 45g of tartaric acid was
WO4¢8898% t he dispersion with stirring and th&CT/US2008/074879

di spersion was charged in the 2L hydrothermal reactor

described in Exanple 7. It was treated hydrothermally

at 1200C for 2 days. A transparent Ti Q2 sol was

tai neq,w th ; i LBlidaibnd GitddRere;
0038001 ¢ BTelp RSP FRIGREE pROH BpAERIdn: 33q DuBliédgiond Sidd Rercin
are inBYPStat@irheteinltyy pliatneainathyiriantizaty iaud tfgr ofl purpesenipsthe same
prepared fromthe sols according to the inv ntiog, &ﬁcdl
enteRoRoi suctEiprvd Thadtiod Siers hapisnh apUBERl a8 sl feel
and g@yﬁg&éﬁpn&@ 8 Be Fi4BRJoEAEEDy feThrehide 1.1t entir@y fodll purposes.

area) to give Sanples A, B, C, and D, _
Manyasgdifitation ynd Varatmes of this/inagationsean eymisls| withou departing from

_under WV radiation (2 WnR) was Iea d. var e
s SEHGPISOBv el A1 BBPRF a0 lIos B nirs Ul specific
- 0 TG sl lenlyagnd the invention is
e JRRAE REHbe herf o5 e By MY LB Lo b
to baQ0HtdHL 6153y, tHehiermis oF ttees appendéd ehinssh alenghwitbghe full scope of
incorporated by reference shown in Figure 1, each
CquWFhP%éO§@Hﬁﬁ@9¥9ﬁgﬁ%ﬂe§WH¥FQﬁtiaI (i.e., greater than
about 15% photocatalytic activity, expressed as %\Ox
renmoval , over the entire tine period. Interestingly,
samples A, B, and C, which were prepared by hydrol ysis
of titaniumisopropoxide, exhibited increasing %NOx
renoval over tine, whereas sanple D, which was
prepared by pH induced precipitation fromtitani um
oxysul fate (Ti OSM%), showed extrenmely high (e.g.,
bet ween about 50% and about 75% initial 9%\Ox renoval
up to about 1,500 hours with a gradual |eveling off
above about 45% NOx renoval .[0039] All references
i ncluding patent applications and publications cited
herein are incorporated herein by reference in their
entirety and for all purposes to the sane extent as if
each individual publication or patent or patent
application was specifically and individually
indicated to be incorporated by reference in its
entirety for all purposes. Many nodifications and
variations of this invention can be nade w t hout
departing fromits spirit and scope, as wll be
apparent to those skilled in the art. The specific
enbodi nents described herein are offered by way of
exanple only, and the invention is to be limted only
by the ternms of the appended clains, along with the
full scope of
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equi valents to which such clains are entitled.d ai ns:
1. A nethod for preparing a stable, transparent
Web@vozssal ytic titani um dioxide sol, conpri siPgr/u§i0ps/074879
providing a solution conprising a titanium containing
compound; (ii) precipitating hydrous titanium dioxide
fromsaid solution of a titanium containing conpound;
Claifdst 1) formng an aqueous dispersion of said
precipi tated hydrous titani um di oxi de; gi V) mxing, .
1. sainttagufouzeptirnges stable, itranspracens rphtaselysic Bigaiug %rﬁav@ sol,
o al phahydroxy carboxylic acids at a tenperature between
¢ m§5‘ B 700C and about 1500C for a period of tinme
et ween apout three hours. and.about 3 days: with the
pr &V serovide %%ﬂlﬁt‘%f@nmnsfﬂgraetltﬁ?lﬁﬁlac-%?%§390183(&%“619(yI ic
acids are essentially free of giq)écol ic acid; thereby .
pr gu) dpregipitating hydrops ttiianivem diogidedEomh ﬁ%& %@twaeﬁeé‘ titanium
and transparent at every pH throughout the pH range of
g_ FB‘_‘%‘?}I; GI'PEBE conprising crystallites of titanium
i oxi de havi ng an average ticle size,of ,less than, ...
abGi) Tgmine an aacor BracTyrbe el RieeipUEd RydroRs byl dioxide:
in anatase form 2. The nethod of claim1, wherein
sai(ty) t Mg ueidc aeaini dPeEuA duribe iPseseatce Of der PloMAhé!Pha-
gr QUR. cO ] ' ' ' ' b 0
o SFreBT AV al b b PRGSO abduh A0 abour 150°C
ac ley:!l petddostaige b&wedin ebo ttireel hodrs ahdiabowd,3 dayer @ith the proviso
said titanium contaihing conpound is titanium .
i sdbafow&(ioaé.ommon%élmé?"w X CAPOLY, 1%°1‘%h%free?%%€“§%ﬁ“éf free of
on Jmr.q. al pha- hydr oxy carboxylic acids include an
al %%)gc{og%!r;@ky carboxylic acid selected fromthe group

consisting of |lactic acid, t i id, i '
citt ‘?%‘_’%8?0&‘5‘3%& i %Pliuf)nng{ o%(ﬁd%r ‘g/gl?ﬁ lg.StiFEée aﬁ%?%g%)arent .
eveff pHtRdolyHout Whepi@irhgeaif & tore; swid solr@ngrishg-drydaltites of titanium
~ carboxylrc acids include lactic acid. 6. The nethod of .
diogidaihaving anhwieEags pesicle sie obrlessoban aPg ALy Gigymajonity of said

crygtaalﬁi?e%)f)\élnigCin %ﬁétgsse form.

2. The method of claim 1, wherein said titanium containing compound is selected
from the group consisting of titanium alkoxide, titanium oxychloride, titanyl sulfate, and

titanyl acetylacetonate.

3. The method of claim 2, wherein said titanium containing compound is titanium
isopropoxide.
4. The method of claim 1, wherein said one or more alpha-hydroxy carboxylic acids

include an alpha-hydroxy carboxylic acid selected from the group consisting of lactic

acid, tartaric acid, malic acid, citric acid, and combinations thereof.

5. The method of claim 4, wherein said one or more alpha-hydroxy carboxylic acids

include lactic acid.

6. The method of claim 4, wherein said one or more alpha-hydroxy carboxylic acids

include tartaric acid.
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include tartaric acid.7. The nethod of claim4,
wherein said one or nore al pha-hydroxy carboxylic
w@eids29seel ude citric acid. 8 The net hod of cPEI/MSWI8/074879
wherein step (iv) is carried out w thout an
intervening neutralization step between steps (iii)
and (iv). 9. The nethod of claim1, further conprising
t hen st | L Bd B8 bleo halydydxiytagboxylic acids
7. bagléh.% @%h&%_ﬁ@&% %’o‘gﬁ% ig‘cl ai r%w{efr%v\(}wlg?g n s?]ai d y;l:ol y
incladewdtricseesd.t i t ani um di oxi de crystallites having an
average particle size of less than about 5 nm 11. The
8. mettedmethod|odidaifh, 1 wibereinnstemiisl) sotardednont watbowt amHitervening
di oxi de crystallites, at st 90% of which are in the
neuﬁﬁ%@ﬂ%*ﬂ%ﬁﬁweﬂﬁteﬂs i ’F\‘tdoz“f or preparing a stable,
transparent photocatal ytic titani um di oxjde sol,,
9. corfe methgd of icaimr byigthergcompsising: the stepoRfrquiraligjng the resultant
titani um contai ning conpound; (ii) precipitating
sol ragl?ée't i tani um di oxide fromsaid solution of a
titani um caontai ni ng conpound; (iil) formng an. e .
10.gj shis weted g claipy ’p‘?’lé‘ggﬁisﬁlé]t %)Si CRTRFEGSH ?‘? n?lggﬁ%lé Hyalites
haviHz0aH! flRragh pihiclB (i \E 188iHrAgbogos el sper si on in t he
presence "of one or nore al phahydroxy carboxylic acids

at g d [ t ' Traleh tdid:a389 Crystalites,
17, P a3t g i ot
at 183090% Df Sy, aré irethe yatpsedfoimi ng a sol of titanium

di oxi de which is stable and transparent at every pH
2.t Wfortﬁgpﬁiﬂ[gr@@ﬁﬁle?ftraﬂsﬁafenl%hoﬁ)a&tdlyﬁo|titanium dioxide sol,
conprising crystallites of titani um di oxi de having an
compresiggye particle size of I ess than about 10 nm the
majority of said crystallites being in anatase form
Wi td) t peovpdioy asolutibatompeging a tijaniwm cemtringy wmponedhout
an intervening neutralization step between steps (iii)
andiifi leciphiting gy didishe@niin clieiide Tm whir solotismicd a titanium
titani um contalning conpound is selected fromthe
gr oenmtaining cempopdof tit ani um al koxi de, titani um
oxychloride, titanyl sulfate, and o o
(iii) forming an aqueous dispersion of said precipitated hydrous titanium dioxide;
(iv) mixing said aqueous dispersion in the presence of one or more alpha-
hydroxy carboxylic acids at a temperature between about 70°C and about 150°C

for a period of time between about three hours and about 3 days;

thereby providing a sol of titanium dioxide which is stable and transparent at
every pH throughout the pH range of 2 to 12; said sol comprising crystallites of titanium
dioxide having an average particle size of less than about 10 nm, the majority of said

crystallites being in anatase form;

with the proviso that step (iv) is carried out without an intervening neutralization

step between steps (iii) and (iv).

13.  The method of claim 12, wherein said titanium containing compound is selected
from the group consisting of titanium alkoxide, titanium oxychloride, titanyl sulfate, and

titanyl acetylacetonate.
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titanyl acetyl acetonate.14. The nmethod of claim13,
wherein said titani um contai ning conpound is titanium

WO sapnozgsexi de. 15. The nmet hod of claim 12, wheP€i/nSmas/74879
one or nore al pha-hydroxy carboxylic acids include an
al pha- hydroxy carboxylic acid selected fromthe group
consisting of lactic acid, tartaric acid, malic acid,

Cit i ' . 0 I
147 I R h oftlf PRS0 058 Lochine B R
isopeppbdidgl i ¢ acids include lactic acid. 17. The nmet hod

of claim15, wherein said one or nore al pha-hydroxy
15car Boxyhétbodiof diimnnid, uslieertiar daid ose @€ imbre l8phalinairemet badoxylic

of .clajm 15 wherei i d or nore al pha-hydroxy
s 5l o lpbiahaciony oo e selscied o thecltue ewsisting of

lacBE aah,athﬁm@aci NRARI i Ritfc 848, @51 %@a@%ﬁg@é%ﬁr OXy

carboxyl i1 c acl are essentl a ycolic
further

aci T t hogk of, cl.aim 12 onprj sin .
1685 g Sfeendd B TEACES, MnSitif A Big phmOIE (ISR TSty Carboxylic
acibamelude lactid heidnet hod of claim 12, wherein sfai d sol

conprises titaniumdioxide crystallites having an

17.aveThgendigéd of kil FE wHerdifSRid BAN ofRMHE aPpHiRydédxy fitBoxylic
nmethod of claim 12, wherein said sol conprises
acidy inghyde tArgrigeride crystallites, at |east 90% of which
are in the anatase form 23. A stable, transparent sol
18.conph¢ snethpd pHelagipolft, vherein sdaislionel 0foniyre vedphgHiydroxy carboxylic

.phot ocat al.yti.c titani um di oxi de particles having an
act %‘F@é&cﬁl’?%‘i@ lite size between about 1 nm and about

10 the mpjority of said crdystallites being in the .
19-anaf§%éﬂ@“%ﬂ%? flEn el vehareingaid pae pompre talpflachygrexy carboxylic

- i & pqutral, and basic pH 24. The
wib{ FERBHEAL Bl 5l o

sol of claim23, wherein said

20.; TG HEBA Rt T2 FhtenshmRmot o Hed Y0 B RNERE e hutan

sol Sitkld Baset ransparent sol of claim 23, wherein at | east
90% of said crystallites are in the anatase form

21.  The method of claim 12, wherein said sol comprises titanium dioxide crystallites

having an average particle size of less than about 5 nm.

22.  The method of claim 12, wherein said sol comprises titanium dioxide crystallites,

at least 90% of which are in the anatase form.

23. A stable, transparent sol comprising from about 1 to about 10% by weight
photocatalytic titanium dioxide particles having an average crystallite size between about
1 nm and about 10 nm, the majority of said crystallites being in the anatase form, wherein

said sol is both stable and transparent at acidic, neutral, and basic pH.

24.  The stable, transparent sol of claim 23, wherein said titanium dioxide crystallites

have an average particle size between about 1 nm and about 5 nm.

25.  The stable, transparent sol of claim 23, wherein at least 90% of said crystallites

are in the anatase form.
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