WO 2008/136946PCT/US2008/005394 MAKING CO-PRECIPITATED MIXED OXIDE-TREATED
TITANIUM DIOXIDE PIGMENTS This invention relates to processes for making titanium dioxide
pigments including a co-precipitated mixed inorganic oxide or mixed oxide/phosphate surface
treatment. The resulting pigments are useful in many industries including the coatings, paper, and
plastics industries. Titanium dioxide is used as an opacifier and colorant in many industries,
including the coatings, plastics, and paper industries. In general, the effectiveness of the pigment in
such applicationgﬁgﬁoéﬁa@%n how evenly the pigment can be dispersed heHice@tng;sha plastic or in
paper. For this reason, pigments are generally handled in the form of a finely divided powder.
However, titanium dioxide powders are inherently dusty and frequently exhibit poor powder flow

characteristics, espegiatydusngiormpation m%gg%@gﬁg@g{;@%ﬁdﬁ%{ﬁ&%{o@vﬁﬁg)ﬁmducts-

While free-flowing powders with low dust propertieg;gaipe obtain u facturing
practices, these powders usually exhibit reduced opacifying properties. To this end, chemical
methods of modification of titanium dioxide pigment surfaces have been developed to achieve the
desired balance of BigfERt BpaHss dnerfrosvastar auienisticsi Fodinstnsenitis ienwiadn the art that the

wetting and QQSPEQ eiggn&ro ggties of titgmium,dioxid_e pigments can be improved by exposure of a
titanium dioXide intermediata (produeed BV@*&‘I‘?@P’&@L@?” %’t“é"%ﬁ’ﬁ%?ﬂ’if?ﬁ?é%%@?%%sﬁ%@@ﬂc%ﬁ inorganic

treatments fhreugh the.depasitianafnarganic;metaloxide.and/or metal hydroxide coatings on the
surface of the titanium dioxide. Typically thelse treatments al és’éjgg%rﬁnmp%stﬂ%g Cbs;}?d%sutelsj dispersing the

intermediate (or cTidejumaierial inasagueopemediunousing i AisRerINg-R0SHLSHAD @s a
polyphosphate, (2) optionally wet milling the resulting slurry to achieve a certain desired particle size,
WO 2008/1%568AEPIRFAIS owDBIeRSEbigtrics. In general, the effectiveness of the pigrment in such

applications depends on how evenly the pigment can be dispersed in a coating, in plastic or in
paper. For this reason, pigments are generally handled in the form of a finely divided powder.
However, titanium dioxide powders are inherently dusty and frequently exhibit poor powder
flow characteristics, esplecially during formulation, compounding, and manufacture of end-use
products. While free-flowing powders with low dust properties can be obtained through known
manufacturing practices, these powders usually exhibit reduced opacifying properties.

To this end, chemical methods of modification of titanium dioxide pigment surfaces have
been developed to achieve thé desired balance of pigment opacity and flow characteristics. For
instance, it is known in the art that the wetting and dispersing properties of titanium dioxide
pigments can be improved by exposure of a titanium dioxide intermediate (produced by either a
sulfate or chloride process) to certain inorganic treatments through the deposition of inorganic
metal oxide and/or metal hydroxide coatings on the surface of the titanium dioxide, Typically
these treatments are accompiished by:

(1) dispersing the intermediate (or crude) material in an aqueous medium using a
dispersing agent such as a polyphosphate,

(2) optionally wet milling the resulting shurry to achieve a certain desired particle size,



(3) precipitating one or more inorganic oxides such as silica or alumina onto the panicle surfaces of the
titanium dioxide slurry, (4) recovering the inorganic oxide treated titanium dioxide pigment from the
aqueous slurry by filtration, (5) washing the filtered product to remove salts and impurities, (6)
drying the washed filtered product, and (7) dry-milling the dried pigment using a fluid energy mill.
Typically the wet treatment deposition of inorganic oxides according to step (3) is accomplished - for
pigments treatedvygtpﬂg}ﬂ%han one inorganic oxide in a sequential fashion, one inorganic oxide at a
time. However, it IS a1%8 Known to chemically treat titanium dioxide pigmerttiniennedsates with
co-precipitated mixed inorganic oxides. Apart from reducing the total number of inorganic surface
treatments to be performed, titanium dioxide pigments bearing co-precipitated mixed inorganic oxide
treatments perfornsgifenenily:ascom | : herein the same inorganic oxides are added
sequentially. A r?fmblgr of iferenggﬁiﬁ#&gﬁgf Sle\gialé?t) saélgzggtﬂﬁtaa%nma g’l‘é?(i%@ %ménts
including a éecprecipitatetinmixddhimbrganic; oxide surface treatment. -For example, U.S. Patent No,
2,913,419 discloses a broad range of particles, including titanium dioxide particles, surface treated
with dense silica-¢ohSTRMTE EollepBLitEa! Sifitisrysattd/Grmwtakioxide speteotebfom: the.graup of
silicates angy@xides: tals which form insoluble silicates at a pH between five and twelve, including
silicates and oxidés of aluminum, tin, titanium, zinc, and zirconium. U.S. Patent No. 3,513,007

claims an improves) prasessiorcaatingHiany p Aioxide pigment particles comprising the treatment of
titanium dioxide pigment particles in an aqueous medium, In tWo sequential steps, with first at least

one compound séfgctethfrtmvhegrlpWe:2008486946PCT/US2008/005394

(7) dry-milling the dried pigment using a fluid energy mill.

Typically the wet treatment deposition of inorganic oxides according to step (3) is
accomplished — for pigments treated with more than one inorganic oxide — in a sequential
fashion, one inorganic oxide at a time. However, it is aiso known to chemically treat titanium
dioxide pigment intermediates with co-precipitated mixed inorganic oxides. Apart from
reducing the total number of inorganic surface treatments to be performed, titanium dioxide
pigments bearing co-precipitated mixed inorganic oxide treatments perform differently as
compared to pigments wherein the same inorganic oxides are added sequentially,

A number of references describe or at least suggest titanium dioxide pigments including a
co-precipitated, mixed inorganic oxide surface treatment. For example, U.S. Patent No.
2,913,419 discloses a broad range of particles, including titanium dioxide particles, surface
treated with dense silica-containing codeposited silicates and/or metal oxides selected from the
group of silicates and oxides of metals which form insoluble silicates at a pH between five and
twelve, including silicates and oxides of aluminum, tin, titanium, zine, and zirconium,

U.S. Patent No. 3,513,007 claims an mmproved process for coating titanium dioxide
pigment particles comprising the treatment of fitanium dioxide pigment particles in an aqueous

medium, in two sequential steps, with first at least one compound selected from the group



consisting of water-soluble hydrolysable compounds of silicon, titanium, zirconium, and phosphates,
and secondly with at least one water-soluble hydrolysable compound of aluminum, cerium, calcium, or
mixtures thereof, while maintaining the pH of the suspension in the range of six to ten. The pigments
produced according to the process of the invention are said to exhibit higher tinting strength and gloss
when incorporated into paints. Great Britain Patent 1,256,421 describes an improved process for
treating metal oxide particles which have already been treated with a coating of one or more oxides or
hydrous oxides o't TR Sluminum, cerium, silicon, zinc, zirconium, or ecphoesphadesowith an alkaline
agueous solution of hydrolysable aluminum salt to provide a second alumina coating. Specific
examples of the initial mixed oxide coatings comprise thanithlumina or zirconia/alumina. Such
treatments aiggaiddoee inJMmpLo i t_giurabili and gloss properties,  U.S. Patent No.
3,649,322 disclosesgt an a?ﬁﬁﬁﬂ%%igé@e%@fé"sb ?t%%"“p‘%rﬁ?erf ary titdHitirYigkeR &8mBiding high
tinting strengtivsphdedurabilitoiidlgaating: m&@@iu@f@,ggm;@gﬁg;@@g@q ngpggﬁ@ r{c)atceilpitaltli‘ir&g1 hydrous
silicon oxide with hydrous aluminum oxide onto titanium dioxide in agqueous slurry, {0 form & dense
coating of aﬁ?ﬁﬁﬁhﬁ?‘%ﬁﬁ@a@.Wﬁ%tﬁ@ra@n%immﬂmm@imwfmam@igea@pﬁeﬁmaagg&glg stage,
the pigmentﬁ {grttggtrggaitedevxéith an additional coating of aluminum oxide. U.S. Patent No.
3,825,438 claims a process 1o coating tAMLIHSiSXide PRt st splasronsghydestibioxide of a
metal, com@ﬁ@{agimjw%ggh@gg%%&gfg,ég{;}igr% %ietggitummdnitosxide pigment with at least one
water-soluble hydrolysable compound of a metal se ected from the group consisting of aluminum,
titanium, cerium, Bresriumisiticen andgine, dbenrddingdo-dhadispersien apglyhydric alcohol
containing at least two hydroxy groups and from two to eight carbon atoms, and Tinally precipitating a
hydrous oxikfsGttheReare Al et sarfacecdiwik AW@iR008/136046RGTAISR008I005394-particles of
titanium dio '%%rg efg?&trilﬂ% change jn the pH of the dispersion. The examples teach co-precipitated
treatments derived from mixed Soltition e 8R4Iy FEHARHE-£Ad Bharmlmtavalitatelk e pigrents
produced by the,RIIeRa%RIBE Ve d in a wide variety of products, including paints,
plastics, and paper. UQSS '%%%%%ﬁlgﬁﬁggé) I‘Zf%% Fs%ﬁ%“%é §up"r16%ae LIBR1rESENG SBTERIRSM dioxide
pigment, usifdistial mixetosaletoniosuaieirSokileueaRAISS O ANTIE sEiiCODINM, And
titanium, and then providing a final inorganic surface treatment with an aluminum p osf)nhate. The
resulting piffnetd e icadrpEy sripmticudaripiliseiod gidhemanifacture of paints having reduced
photochemical aqgi\éity},, aatgq i]Q the ma ufacture of paper laminates. U.S. Patent No. 4,115,144
describes the co-precipitation of Tetar o%idES Pticha S uBiaR Hilikaicatarania2iet tiniajaonto a

titanium diexidepigment, &gmggd,i@ptyﬁgggvg@gg&%ﬁoggabgrggm ounds that will precipitate as or be

convertible to the desired mixed metal oxide form'in water, an ﬁ’éﬁ%%ﬁ’%ﬁ’i?ﬂ%%&%dﬁliﬁ*an

aqueous dispersitd by titamisimidioddedmnd precipiatingihe maetal axidesypder alkaline conditions as
through the addition of sodium hydroxide. After filtration and washing, the coated and washed titanium
dioxide is HEP G iA4HE BrebiERed L vater trndercatiialine cowditionssithethovageing sieapdeing
described ry to ayoid processing difficulties and give "suitable charge and pH
characterig%ggﬁglszé%c.}ést% ﬁ%tg}ﬁ PI\SI(fp E%éé?bﬁd BRECTiEs WpPHRReY foraspraerkdioritbfaitanium
dioxide pigratsaantdainpraved.chalking resistance and gloss retention”, wherein oxides and/or
phosphates of titanium, zirconium, aluminum and silicon are applied to titanium dioxide, by adding
alkaline zirconiulvl-gaferidte-cobipitites oftheralkals meials:0r REMIANIMT IO AEhagHeoks alkaline
pigment Sll’?a@tenSi n, and then adding a solution of dissolved compounds of titanium and/or aluminum
and/or silicon ana/or PROSBIERIS B LrbviRPratisitaRE han Grighessagiorion of titanium dioxide

pigment with at least one water-soluble hydrolysable compound of a metal selected from the
group consisting of alurninum, titanium, cerium, zirconium, silicon and zin¢, then adding to the
dispersion a polvhydric alcohol containing at least two hydroxy groups and from two to eight

carbon atoms, and finally precipitating a hydrous oxide of the metal onto the surface of the



WO 2008/136946PCT/US2008/005394 phosphates onto the pigment. U.S. Patent No. 4,405,376
provides a titainum dioxide pigment and a process for making the same, wherein the pigment
comprises a pigmentary titanium dioxide core particle, a mixed inner coating of hydrous oxides of tin
and zirconium, and an outer coating of a hydrous oxide of aluminum. U.S. Patent No. 4,450,012
discloses coated rutile mixed phase pigments having a first coating of an oxide or mixture of oxides of
titanium, zirconium, or tin, and a subsequent coating of an oxide of aluminum. The resulting pigments
exhibit an impro%%@@%@ﬁ?fy against flocculation in lacquers hardened vith/agicheatalysts. U.S.
Patent No. 4,759,800 describes a process for chemically treating titanium dioxide pigment wherein
titania is deposited first from a solution of titanium oxychloride, and then an alumina outer treatment is

performed. Many.examalaslsliate eccoctienosiion. 4 g0 gregiiaion, of other metal pxides along
ani o

with the deposited titania, including titania/alumina, ti zirdonia, and Zirconiaititarntafies

co-precipitatedicombinatiors. Taewesuliing-pignentseurparedl.exkibit impraved weathering
resistance and optical properties. U.S. Patent No. 4,781,761 discloses that co-deposition of boria
with silica, jréférably fitsieathaetareddnitempeentsainfiibs waterisoksblecsodilim siicktesapd sodium

borate, enabljgdsuggeifg[u iatior;\ .og‘ densl,_e silicdate coatings on titanium dioxide particles at lower
processing temperatures thaa Usdd BreviBiidiPR achieve dense silica coatings. The resulting

boria-modified siligascoptaining pigmentsiare.ighly lightfast, and exhibit excellent gloss and
dispersibility.  U.S. Patent No. 5,753,025 éisclo)sf)és ?szr%%ggfglfl MAKIng. aéﬁﬂﬁﬁcé%tﬁﬁﬁ?ﬁ dioxide
pigment suitsibtelfor usexinl making coatingschawng-dppronad gloss.thronah.co:deposition.of boric with

silica, followed by treatment with an oxide of aluminum. WO 2008/136946PCTUS2008/005394
and then providing a final inorganic surface treatment with an aluminum phosphate. The
resulting pigments are described as particularly useful in the manufacture of paints having
reduced photochemical activity, and in the manufacture of paper laminates.

U5, Patent No. 4,115,144 describes the co-precipitation of metal oxides (such as, for
example, alumina and titania) onto a titanium dioxide pigment, through dissolving water-soluble
compounds that will precipitate as or be convertible to the desired mixed metal oxide form in
water, and then adding this solution to an aqueous dispersion of titanium dioxide and
precipitating the metal oxides under alkaline conditions as through the addition of sodium
hydroxide. After filiration and washing, the coated and washed titanium dioxide is hot aged in
the presence of water under alkaline conditions, the hot ageing step being described as necessary
to avoid processing difficulties and give “suitable charge and pH characteristics™.

U.S. Patent No. 4,328,040 describes a process for the production of titanium dioxide
pigments with “improved chalking resistance and gloss retention”, wherein oxides and/or
phosphates of titanium, zirconium, aluminum and silicon are applied to titanium dioxide, by

. adding alkaline zixfaonium carbonate complexes of the alkali metals or ammonium to an agueous
alkaline pigment suspension, and then adding a solution of dissolved compounds of titanium

and/or aluminum and/or silicon and/or phosphorus to slowly precipitate the oxides and/or



U.S. Patent No. 7,135,065 describes the production of titanium dioxide pigments in which aqueous
solutions of water-soluble compounds of tin and zirconium as well as at least one more of aluminum,
silicon and titanium are added to an aqueous suspension of titanium dioxide base material maintained
at a pH of not more than 3 or less than 10, and then the pH value of the suspension is adjusted to
between 6 and 8 to cause the corresponding oxides to be deposited on the titanium dioxide base
material. U. S. Patent Application Publication 20040025749 Al discloses a method for preparation
of titanium dioxi&é@pﬁgﬁﬁgm‘%xhibiting high greying resistance and high h&ling'gateensmawhich the pH
value of a suspension of titanium dioxide material, a phosphorus compound, a titanium compound and
an aluminum compound is adjusted to about 9, followed by the addition of a magnesium compound
while maintaipiggdhe R valye.abqve about 8.5. U.S. Patent Application Publication 20050011408
Al describes a method for the surface treatment of a titanium dioxide pigment, comprising the steps of:
a) adding an alumihSinftomiseneflsaTd arphosphers.eompenentia titanium dioxide sygpension
while the pH value of the suspension is maintained at a value greater than or equal to ten; and then b)
adding an d6fEBMmIEIER tBetREBaRpesIruAtH thepkyalsus Bosithaomipadtis alsadaught that
together Witllgmtg%galgrrlnigylin Compo) ent and the phosphorus component, other metal salt solutions,
such as salts of cenum. tranium. siicot, AU EF AR Faprsist iaated wrehe eidpehsion in
step a), theggsishsequently being jointly precipitated onto the particle surface in step b) as phosphate
or hydrated oxide. U.S. Patent Application Publication 20060032402 Al relates to titanium dioxide
pigment particles havifigawalor acteniay exsidepasied thereanwhaeinatleast png.of thefwo or more
layers is a dense silicon dioxide layer comprising silicon dioxide containing no significant WO
20(18/13694BPETIIS 2608/ 115594 Hwaitts b timedtal aorsiother thamsilicohseanehwherein at least
one of the two gr more (I)?yaqrs IS a detnhse silicon dioxide layer containing a significant quantity of
co-precipitated oxides of metal 1ons oFMikiFreg oY FRsH iGHEEtHET tRarosEoRodERey regeiting pigments
are Weatheﬂcga,sjgmq@mg@@gigg&l@gﬁg@g@,ﬁgg@dfgitaﬁsi‘n surface coatings and plastics. U.S. Patent
Application Publication 20060034739 Al relates to & method for treatment of titanium dioxide
characterized in tHat, fegeties. witidsechyaeptssaxidesaf th anthzionium, atigashraggiher from the
group consisting of aluminum, silicon, and titanium is additionally co-precipitated onto the particle
surface. THESREAtSY HigmBRER i§saetud finy themtedoitiranbiigeunf algmiiotide, Gempares with the
prior art, th Iting pigments demonstrat urther improvement in photostability, while retaining
good opticg%%%%e?%g g‘ﬁ%%% plﬁrﬁglgf’anﬁ’?%uitgﬁe FEPUEE I P, B atmE oAbl asties.

Despite thesaanutianismudiords: Rigmenisihusdascibed as having mixed inorganic oxides applied
via co-precipitation or co-deposition, however, none of the aforementione rgferencésuglﬁ‘%féipate or
suggest thépriscessrefiisiehsiessriabiodsbicthe preseintdaventionand, dascribed.ip grgates detail
below, nor the product consistency and uniformity of co-precipitant incorporation improvements
realized thFSTRIA I prELEIMRosTtBrrtheringisai racsard invéssiormaticerns simplified and improved
processes for manyf ing titani iaxide pigments jncluding a surface treatment whereby a
plurality of inorg§2 |§c %%%%f;ﬁ& g’ r?:%ir:? kg’?n%)lt(ls(%r? Sofgég\;é %Or@ﬁ%?%‘tfﬁ%r‘éfa?ﬁﬁ‘ao%ﬂ%§@%ﬁﬂﬂ BisEEPore

inorganic phasphaias:atution containing water-solubie sodium silicate and sodium borate, enables the

formation of dense silicate coatings on titanium dioxide particles at lower processing

temperatures than used previously o achieve dense silica coatings. The resulting boria-modified
silica-containing pigments are highly lightfast, and exhibit excellent gloss and dispersibility.

U.S. Patent No. 5,753,025 discloses a process for making a rutile titanium dioxide

pigment suitable for use in making coatings having improved gloss, through co-deposition of

boric with silica, followed by treatment with an oxide of aluminum.



applied to a titanium dioxide base pigment. In a first embodiment, a process according to the
present invention comprises the steps of a) preparing an aqueous alkaline slurry of titanium dioxide
base pigment from a sulfate or chloride process and in which at least one aqueous alkali-soluble
source of an inorganic oxide WO 2008/136946PCT/US2008/005394 has been dissolved, b)
dissolving at least one aqueous acid-soluble source of an inorganic oxide and/or at least one aqueous
acid-soluble saltv% am(]:gzillt;ogr)mcapable of forming a water-insoluble phosphate, into an aqueous sulfuric
acid solution, then 02) graaually adding said sulfuric acid solution to the agti&dE2earedine slurry of
titanium dioxide base pigment, the amount of added sulfuric acid solution being sufficient to achieve a

final slurry pH value between about 4 up to about 8.5. In a second embodiment, a process

according to the preseniiiventioncemeyises Me stePsof akdissehving At Ig%ﬁFd%Tgei%a:%%?ous

acid-soluble source of an inorganic oxide and/or at least one aqueous acid-solu alt o & cation
capable of fehinimgEwatehinsolubltephesphiatemptaal agiemds:sufirs aciesalition,b) dissolving at
least one alkali-soluble source of an inorganic oxide into an aqueous alkaline solution; c) then
gradually agifig bBHIEHE stlieiteatidasnion aiesnidneeousukelivn solitomtodoagueous

alkaline slugry of fitanium dioxide ba igment frgm a sulfate_or chloride process, the amounts added
of these solutions being' %‘E}t m?:l%sattoa S&%%gtén |Iff’a$‘§?u%rr‘§/” SISt hatd din et vels 96 Bbout 8.5.

In the first embedinentanmRIoxask BecassISRIaNIded é%&@ﬁog&a%fgg itation gf mixed inorganic
oxides or oxide/phosphate combinations onto a titanium dioxide basé pigment, w ieh process
preferably contprises e lowingstéps: (a) forming a mixture comprising titanium dioxide base
pigment in water, said titanium dioxide base pigment having been produced by either a sulfate process

or a vapor phase UxidAti6R-BAEReEMIdTGEBHEE S48 BA IfetdinisoptioraliyhatiGastgnenivet treatment

inorganic oggqlgaﬁleulr%c&leogdgom the graup. con l'sgin% of the inorganic oxides of aluminum, boron,

phosphorus, silicon, titaniurh and zirconitm has BeeRGENSEREEsR Saluhidis arvaiokiddishse
the pH value of a suspension of titanium dioxide material, a phosphorus compound, a titanium
compound and an aluminum compound is adjusted to about 9, followed by the addition of a
maguesium compound while maintaining the pH value above about 8.5.

U.S. Patent Application Publication 20050011408 A1 describes a method for the surface
treatment of a titanium dioxide pigment, comprising the steps oft a) adding an aluminum
component and a phosphorus component to a titanium dioxide suspension while the pH value of
the suspension is maintained at a value greater than or equal to ten; and then b) adding an acid
component 1o the suspension until the pH value is less than nine. It is also taught that together
with the aluminum component and the phosphorus component, other metal salt solutions, such as
salts of cerium, titanium, silicon, zirconium, or zine, can also be added to the suspension in step
a), these subsequently being jointly precipitated onto the particle surface in step b) as phosphate
or hydrated oxide.

U.S. Patent Application Publication 20060032402 A1 relates to titanium dioxide plgment

particles having two or more layers deposited thereon, wherein at least one of the two or more

layers is a dense silicon dioxide layer comprising silicon dioxide containing no significant



pigment; WO 2008/136948PCT/US2008/005394 (b) adding to the slurry from step (a) at least
one aqueous alkali-soluble oxide salt selected from the group consisting of the aqueous alkali-soluble
oxide salts of aluminum, boron, phosphorus and silicon; (c) dissolving i) at least one agueous
acid-soluble salt selected from the group consisting of the aqueous acid-soluble salts of aluminum,
cerium, tin, titanium and zirconium and/or ii) at least one aqueous acid-soluble salt of a cation capable
of forming a watevvrgrzy{)soluble phosphate, into an aqueous sulfuric acid solution; (d) gradually
adding to the slurry p}’éﬂ?f?é@ in step (b) said solution prepared in step (cydevencasneimt sufficient to
achieve a final slurry pH value from about 4 to about 8.5, so as to facilitate a complete, uniform and
consistent co-precipitation of the mixed inorganic oxides and/or inorganic oxide(s) and phosphate(s);

and (eguafter stap.(d)noptenalydergsiting a wet treatment aluminum oxide onto the titanium
dioxide particles in the slurry prepared in step (d). ﬁ?fe%‘%ﬁ%ﬁnﬁﬁ%%éﬁ 3% P DRSS Pabout 4 to

about 8.5. densinifverseioonid eiydadimeniea RIREEsEHIQRUIIGCUPIBSRIGHARPEMed inorganic oxides
onto titanium dioxide base pigment preferably comprises: (a) forming a mixture comprising
titanium dioXIBe B IS PiFfrreAteidieite ptkeidhitanigam dibxidedbase pigrenthaving beesipraduced by
either a sulfgltgfpagggﬁasg ora %)/fa\pforlg)hase oxidation-based chloride process and wherein, optionally at
least one wet treatment inorganie oxids SEIALSAHEM AEPHBISS consisting of the inorganic oxides of

aluminum, boron,phosphers.siliconeHEARIUL 3Mckairgeniim has been deposited on said titanium
dioxide base pigment; (b) forming an aqueous solut%ynﬂc}frﬁ 6351 i %0 b oluble

oxide salt selesteddioxide characterized in that, together with the hydrous oxides of tin and zirconium, at
least one other from the group consisting of aluminum, silicon, and titanium s additionally co-
precipitated onto the particle surface. The treated pigment is subsequentiy treated with an oxide
of aluminum. Compared with the prior art, the resulting pigments demonstrate a further
improvement in photostability, while retaining good optical properties and are particularly
suitable for use in paints, coatings, and plastics.

Despite the many titanium dioxide pigments thus described as having mixed inorganic
oxides applied via co-precipitation or co-deposition, however, none of the aforementioned
references anticipate or suggest the process efficiencies enabied by the present invention and
described in greater detail below, nor the product consistency and uniformity of co-precipitant
incorporation improvements realized through the present invention.

The present invention concerns simplified and improved processes for manufacturing
titanium dioxide pigments including a surface treatment whereby a plurality of inorganic oxides
or a combination of one or more inorganic oxides with one or more inorganic phosphates are
apphed to a titanium dioxide base pigment,

In a first embodiment, a process according to the present invention comprises the steps of
a) preparing an aqueous alkaline slurry of titanium dioxide base pigment from a suifate or

chloride process and in which at least one agueous alkali-soluble source of an inorganic oxide



WO 2008/136946PCT/US2008/005394 from the group consisting of the aqueous alkali-soluble oxide
salts of aluminum,boron, phosphorus and silicon; (c) dissolving into an aqueous sulfuric acid
solution i) at least one aqueous acid-soluble salt selected from the group consisting of the aqueous
acid-soluble salts of aluminum, cerium, tin, titanium and zirconium and/or ii) at least one other aqueous
acid-soluble salt selected from the group consisting of the aqueous acid-soluble salts of aluminum,
_cerium, magnesiumﬁé,isnc and zirconi_um; _ (d) gradually_ adding to the slurry_resulting from step (a),
in two separate procesélgﬁ?éﬁams, said solutions prepared in steps (b) and{e); saamaunts sufficient to
achieve a final slurry pH value in the range of from about 4 to about 8.5, so as to facilitate a complete,
uniform and consistent co-precipitation of the mixed inorganic oxide(s) and/or oxide(s) and

phosphate(s)iaien dissd@raaitehisten () aptipnally depositing et treatment aluminum oxide, while
maintaining said sIurlri/S pH between a!(v%aﬁﬁe of a%o% 416 %%%%i%;@é‘? soure o8 FR UNERAG Ersitd titanium

dioxide pigmesipartielesmare;typicaliifistives prosessadthiguol sexeral addifienal.mapufacturing

steps as elaborated below, including filtration, washing, drying, and fluid energy mﬁllng, in the
presence o ABYAC P Z0dMIEART RABWR Feif edbriah atidites;dmyieldimfisishadmigment suitable for

use in coati@&%iggc%ethegla}l%gggh Q{d cosmetics. ~ Dissolving the aqueous acid-soluble source of
inorganic oxide and/or water-insoruble pROSPHATE Hfd ¥ ds fatsoriemetutic st ofutigndin the manner

of the instantip¥eNENCRIRE 19 ggﬂgﬁmgg&gf the slurry pH value wijth the sulfuric acid solution,
provides a simplified process to%’i%ieve co-preéfgiﬁt:aatﬁga(r))%g%ey ff%ygr“%#ggﬁﬁ%@‘%ﬁffﬁéﬁts in that

fewer requirddutgagent addition streams are used. Further, while co-precipitation of inorganic oxides
as carried out in U.S. Patents No, 4,115,144, 4,328,040 and 7,135,065, for example, is on a batch

wise WO 2008/136936PE TS nes/005394:s according to the present invention comprises the steps

of a) dissolving at least one aqueous acid-soluble source of 4n inorganic oxide and/or at feast one
aqueous acid-soluble salt of a cation capable of forming a water-insoluble phosphate, into an
aqueous suifuric acid solution, b) dissolving at least one alkali-soluble source of an inorganic
oxide into an aqueous alkaline solution, ¢) then gradually adding both said sulfuric acid solution
and said agueous alkaline solution to an aqueous alkaline slurry of titanium dioxide base pigment
from a sulfate or chloride process, the amounts added of these solutions being such as to achieve
a final slurry pH value between about 4 up to about 8.5,

In the first embodiment, an improved process is provided for the co-precipitation of
mixed inorganic oxides or oxide/phosphate combinations onto a titanium dioxide base pigment,
which process preferably comprises the following steps:

(a) forming a mixture comprising titanium dioxide base pigment in water, said titanium
dioxide base pigment having been produced by either a sulfaie process or a vapor phase
oxidation-based chloride process and wherein, optionally, at least one wet treatment inorganic
oxide selected from the group consisting of the inorganic oxides of aluminum, boron,

phosphorus, silicon, titanium and zirconium has been deposited on said titanium dioxide base

pigment;



basis, the process of the present invention can in either embodiment be carried out on either a batch
wise basis or more preferably on a continuous basis Those skilled in the art will readily appreciate that
for materials produced on a very large scale, as titanium dioxide pigments are, the ability to carry out a
surface treatment process on a continuous basis offers very significant benefits and advantages. In
addition, greater product consistency is also achieved as compared to mixed oxide-treated pigments
produced by the prior methods. While not wishing to be held to any one theory, it is speculated that the
intimate moleculﬁf?lé‘{?&lﬁﬁ%ng that occurs through dissolving the acid-s@obkssosiressaf inorganic
oxide into the same sulfuric acid reagent as used to precipitate out the alkali-soluble inorganic oxide
enables more uniform inorganic oxide and/or phosphate co-precipitation, correspondingly also allowing
for ncreased cont iformity of.th ixed oxide and/qr phosphate stoichiometries
during the co-pre(%i%}{%%ggg)g{éig%g ?égr%pgr d?'%% %ﬁ%ﬁsggg 8?1{}’1%”%ﬁ%‘?gﬁ@fh}ﬁs{)ﬁﬂ%@pﬁﬁess of the
instant investieneeniablasgreateroiing:lyong: ofupigment eatUSe RIRRSIES luyin.gengial, any type
of titanium dioxide materia can be processed in accordance with the instant invention. Preterred is
rutile titaniu?ﬁ%@?f@é%ﬁ%@im@ment produced from either the sulfate or chloride process. Most
preferred is rutile ifgiunlw dioxide which has been produced via the chloride process from titanium
tetrachloride usingfzC VESOIHASE BRI PERGHISR 2PHetiEbin il arbeiad FoatehmEenn etsstbatain an

amount of aluming,.fem.alkmiaum.chlor hich has be n conventionally added as a rutilization aid
during the vaporn‘ri)ar*;1 > SR L n@%?ﬁ{ﬁ‘@r%?bé{ﬁﬁf oxides

ase oxidation step along with the titanium tetrachiot
formed duriagsthe-oxdationstepimay e prasanbasayeil 1o 1Be.sxtentone;skillss.inthe i may wish
to incorporate other oxidizable inorganic materials in the oxida on step as has been described or
suggested B1SERErESSUIdUUUsEs, WO 2008/136946PCT/US2008/005394 for example,
particle size contr(%g; see, § r ig@tance U.S. Patents No. 3,856,929, 5,201,949, 5,922,120 and
6,562,314,  The &qsaus SRR B P uRsdd s Distewliins persatinyeniployed at
concentratign 9 ight of titapium dioxide up to about 65% by weight of titanium
dioxide. Prefe?ggﬁg}rgp(%ﬁg%ﬁ?%f#%%%ng%a%%s%% B’@H‘v‘&e% S%ffaééiﬁ?na%?ggt(i%&fﬁ 5 dbout 45%
by weight. Mostprefesediar cancantialionsiem ahout by weight ofttanium,digxide up to about
40% by weight. ~ Pertaining to step (a) in both aspects of the present invention, the optional wet
treatment iAUHGEHIE BxIFe EdA( Dampitsthatilivingdny of the known processes to effect deposition of

inorganic oxides gnt thettitg ium dioxide. The number of treatments, and the manner of their
application, are nSt SHHCATP Ak SPARBHY SSRLHING & & HEMERhBWA tE T RISEe srtedidsmevant, so further
detail on thigaspestis eI, eless; by. of example of known jnorganic oxide
treatment protoccﬁ?—difoir&gltarg%gs end-Eﬂ%ﬁ%éﬁ%n@%&i‘%ﬁgﬁ%ﬂ 5.‘?’%;,%15;%‘?5%%2%8%3’?? 90,318
describe indrgadie treatnient protocols, as do U. S. Patents No. 5,203,916 and 5,976,237 for coatings
end-use applications. Typically, the optional wet treatment oxide when deposited, is present in an
amount from abdtit' B°556UY EPABHTEsY ByoRRsigior d catatedrintive atea ipignentanic oXhies
alkali-solulle spurce o iior:;{ri?)cig%\nic oxide car%bebjadded to the aqueous slurry of titanium dioxide

particles as an aqueous oxide saft %%fﬁlﬁ 1, Sai §8fﬂ?irésﬁséontaining from about 1% by weight up to

about 50% by weighefisjssaliestalialisohibirasall BrsiaUsdare.auenus soluions, canteining from

about 5% by weight up to about 40% by weight of dissolved alkali-soluble salt. Most pre?erred are
aqueous stitigndeentning fravimabeet H5odubdwsighhep doabeut3siedyeighiefdissolved

alkali-soluble salt. Preferred are sodium and potassium salts,
oxidation-based chloride process and wherein, optionally at feast one wet treatment tnorganic

oxide selected from the group consisting of the inorganic oxides of aluminum, boron

¢l
phosphorus, silicon, titanium and zirconium has been deposited on said titanium dioxide base
pigment;

(b) forming an aqueous solution of at least one agueous alkali-soluble oxide salt selected



WO 2008/136946PCT/US2008/005394 or mixtures thereof The aqueous sulfuric acid solution
comprises sulfuric acid in an amount from about 5% by weight up to about 98% by weight of the
solution, but preferably is from about 20% by weight up to about 50% by weight of dissolved sulfuric
acid and most preferably comprises from about 25% by weight up to about 40% by weight of dissolved
sulfuric acid. The acid-soluble source of inorganic oxide and/or acid-soluble salt of a cation
capable of forming a water-insoluble phosphate can be dissolved into the aqueous sulfuric acid
solution from a p e%%ﬂ?ék}“b%pared agueous metal salt solution or from arselidsatipsasd sulfuric acid
solution ultimately containing dissolved acid-soluble salts in amounts calculated to achieve from about
0.05% up to about 8% of co-precipitated oxide and/or phosphate, by weight based on titanium dioxide.
Preferred isshigsqled.agid- t.i unj, calculated to achieve from about 0.1% up to
about 5% of co-preci%i?g%egé gf(%é% asr%llg% %%at%{“%%@%ﬁt%%%@eéa&ﬁ faRltRBXide Most
preferred isisgoived adidigoljble salt in an amount calculated to achieve from about 0.2% up to
about 2.0% of co-precipitated oxide and/or phosphate, by weight based on titanium dioxide. The
acetate, chloride, ¥itréifec!sing Sinfaremerat salfsrirecisrefenied ) ar leaFypicallcthe wet tigaiment mixed

inorganic O)éhqz?ssé lar](géof; (pri %,phates are deposited according to the process of the instant invention in

amounts as an additive sum fromrabBUt 895 tis 16UaBE e o e i hf elpiname dontraiated

pigment, preferally.fom-anut ek Hp fo,akout 8% by weight calculated on treated pigment, most
preferably from about 1.0% up to abou?S% by weight Iggﬁgﬁ(% el %ﬁ‘{ %?e%?lbfﬁ?ﬁ%ﬁq,%ﬁéﬁéﬁn the

weight raticeofuhecdepasitetiixidesand/oiphospbatgsfm the.alkali:soliible, source of an inorganic
oxide and/or phosphate to the deposited oxide and/or phosphate from the acid-so Uble source of an
inorganic oXite?ahdrsPHBsphate is between about 30:1 to about 1:10. Preferred is a ratio between
about 20:1 to abo § WO 200 5136946PCT/U820_08/005394 1:1. Most preferred is a ratio between
about 15:1 to about 3-1- "2 PERAIRING tH Ll () Bothsksdebis sheenrasaneinsentensthe

optional we:treaiment lam axi an.be.applied utilizing any of the. known processes for
depositing aluminum o%cliégi} onto thég fﬁgnium?c |’o§§c@0ﬁ%ié‘g%cf evrv}/%té’naﬁ?éeé"grﬁ,qﬁ@ Ty 8Htment

aluminum oxide is firesent ivf droambsint frammaheut .5% UR te aholt é%%%l‘é‘{?i%rﬁ%- alculated on
treated pigment. The optional wet treatment aluminum oxide can also have optionally co-aeposited

therein co-fTBYtAIPEGREY anafohphisghntesidtnodt epattingkiem) the spisirardseape of the
invention.

(e), after step (d), optionally depositing a wet treatment aluminum oxide, while
maintaining said slury pH between a value of about 4 to about 8.5,

The resulting treated titanium dioxide pigment particles are typically further processed
through several additional manufacturing steps as elaborated below, including filtration, washing,
drying, and fluid energy milling, in the presence or absence of additional known fun?:tional
additives, to yield a finished pigment suitable for use in coatings, paper, plastics, and cosmetics.

Dissolving the aqueous acid-soluble source of inorganic oxide and/or water-insoluble
phosphate intc the aqueous sulfuric acid solution in the manner of the instant invention, prior to
the adjustment of the slurry pH value with the sulfuric acid solution, provides a simplified
process to achieve co-precipitated oxide and/or phosphate treaiments in that fewer required
reagent addition streams are used. Further, while co-precipitation of inorganic oxides as carried

out in U.S, Patents No. 4,115,144, 4,328,040 and 7,135,065, for example, is on a batch wise

10



Further processing of the wet-treated titanium dioxide pigment particles can be accomplished by
filtration using a vacuum-type filtration system or a pressure-type filtration system, washing, and
drying, using any of the procedures known in the art. For drying, this would include vacuum drying,
spin-flash drying, or spray drying to produce a dry titanium dioxide pigment powder. The preferred
method is spray drying. The dry product thus produced can be optionally ground to a desired final
particle size dist‘rhi%uztior} gsing, for example, conventional steam micronization in the presence or
absence of additional TuRctidnal additives as known in the art. The folt6Wilitgeesitaiples serve to
illustrate specific embodiments of the instant invention, without intending to limit or restrict the scope of
the invention as disclosed herein. Concentrations and percentages are by weight unless otherwise
indicated. Example brocessRadicyate dtanium,Aigxde pigmentinigimediate obtained from the vapor
phase oxidation of titanium tetrachloride containing 1.0% alumina was glspersedum Water inf the
presence oﬁ@i@%b?aﬂeighh@bas@&mhipi@nﬁedmﬁ)tﬂﬁzswﬂaﬁﬁhh%m%@@M%Rh@%qm?%%l}t’ WO
20081136946PCT/US2008/005394 along with a sufficient amount of sodium hydroxide to adjust the
pH of the dFETERSH 18 4V Alas srons drgrenter o betisvd ansatreousidispergiorwitha selids
content of %@%}p}/ov% i h%u'{ge £§é‘ééti{¥&%“a”é“m dioxide slurry was sand milled, using a zircon
sand-to-pigmerit weight ratio of 4 1o 1, untr a votirme AvaragapaHichasli ey sensisréicamerein more
than 90% dishgiparicles:iara smaller than 0.63 microns, as determined utilizing a Microtrac X100
Particle Size Analyzer (Microtrac Inc. Montgomeryville, PA). The resulting slurry, diluted to 30%
solids by weight, wasificetedrtot90Godnd subseguentyeated with30%;:-ealculated as,silica by
weight of final pigment, of sodium silicate, added over 20 minutes as a 250 gram/liter aqueous sodium
silicate sol (8 WHTETH BMEFFH G Biverteie Bhdocotheibrees theslimanyassibwdy decreased
to a pH of 5. 95 minute period via the slow addition of 36% by weight aqueous sulfuric acid
solution, sggsglgll%?%tea%mgg fjffglr]mggnl{’é}lﬁlcr‘“ligarz_l?c"f%fnidﬁﬁ“&i%h%ﬁﬂéi QunritFefare ithasd-
concentration.srlculaiess taachirva A% i Waight hrred;en.lianium dioxide, of co-precipitated
zirconium oxide. Following a digestion period of 15 minutes at a' pH of 5, 2.05% al mina, by weight of
final pigmetkaivag ddd enbaver 20xminutels@sraolB Qgfam!liieraaueoussaginmn alugpinate.solution,
while maintaining the pH of the slurry between a value of 8.0 and 8.5 via the concomitant addition of
36% aquedliSEHfiHE HEB ROt danriowindeadersaedicpneohtaining nocathemdissalyed
ingredientsy, .Ihe gjg&)ersigfgrw soalice)l esqf?to e uilibratg at 90C for 15 minutes, at which point the pH
[

of the slurry was re-adjusted 16 58 prior-to filti Ao whils FBE e ettt emesvaswashed

with an ametfeliwaies.whichhadhreapreheatedi0. 0GR R RdIVsIEd.10,2pH of 7.0, equal to
1.5 times the estimated weight of recovered pigment.
“fine-tuning” of pigment end-use properties.

In general, any type of titanium dioxide material can be processed in accordance with the
instant invention. Preferred is rutile titanium dioxide base pigment produced from either the
sulfate or chloride process. Most preferred is rutile titanium dioxide which has been produced via
the chloride process from titantum tetrachloride using a vapor phase oxidation step. The titanium
dioxide material can also contain an amount of alumina, from aluminum chloride which has been
conventionally added as a ruzilization aid during the vapor phase oxidation step along with the
titanjum tetrachloride. Other inorganic oxides formed during the oxidation step may be present
as well, to the extent one skilled in the art may wish to mcorporate other oxidizable Inorganic

materials in the oxidation step as has been described or suggested elsewhere for various purposes
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The washed semi-solid filter cake was subsequently re-dispersed in water with agitation, WO
2008/136946PCT/US2008/005394 and dried using an APV Nordic PSD52 Spray Dryer (Invensys APV
Silkeborg, Denmark), maintaining a dryer inlet temperature of approximately 280C, to yield a dry
pigment powder. The dry pigment powder was then steam micronized in the presence of 0.35% by
weight based on pigment of trimethylol propane, utilizing a steam to pigment weight ratio of 2.5, with a
steam injector pggg%ﬁrg%;%&éat 146 psi and micronizer ring pressure set at 118 psi, completing the
finished pigment prepara?lon. The zirconia content of the resulting pigfiégrtzptista#EEd according to
the inventive process was determined via known X-ray fluorescence techniques utilizing a PANalytical

PW2404 Spectrometer (PANalytical B. V. Almelo, The Netherlands), with appropriate calibration to
standards aed dnaliie CREEAHORS contb® REIP Aetatmine he degree of eftecliveness and yniformity of

incorporation of the co-precipitated zirconia according to the process of the instant inverition, pigment
photocatalytie’actiinpavassdétermined utilizing the technique documented in T. 1. Brownbridge and J.
R. Brand, "Photocatalytic Activity of Titanium Dioxide Pigment", Surface Coatings Australia,
September 1990, PAERET thiperhléauredistife BondamitaFSCRAGHH e rtigiyRerth, Wash.,

September 19 referenced urther described in UJ. S, Patent No. 5,730,796. This involves the
steps of: () plgé(gir%aﬁgg%uto&za%ogf#\%Llyidvflg}toafjé B STRABT P I S58Ek Sopic s sie 35 opropanol;

(2) exposingihied @R sopranarclcByRasiiem iUl asviales ol (3L monitaring the formation of
acetone in the test composition over time; (4) determining, by linéar regression angfy5|s, alinear rate
of acetone forhatioth i the weshcompositidayaine{S)omutiphying the«caleulated ratewalie by a factor of
1000. The resulting value (reported as High Sensitivity Photocatalytic Activity (HSPCA) slope) is
proportiond 8 e Whote cataIgheurd8pobisedtithe pigment upon exposure to ultraviolet light, and
provides a mealstlg%%:ﬁf1 i%cqgl%at a? ii(}/gg)ﬂZOOS/tlB .9}?6PCT/U,SZOQ8/OO5394 weathering performance of
coatings or plastics iNCOpOrating the PIgment product SHHAIIBY VERTe & heREare grebtsr SBhression of

inherent titaniusadiexide pigmeniphatasaialytis Aoty B ihareiare greater dyrability, of-greater
resistance to discoloration, both of which directly result from more efficient and uniform Incorporation
of co-precipitateudzircded wmosdd e smto thexsikcdisurfacietreptmantnts, and the manner of their
application, are not critical, and various possibilities are well known to those skilled in the art, 50
further detail on this aspect is not necessary. Nevertheless, by way of exampie of known
inorganic oxide treatment protocols, for plastics end-use applications U. 8. Patents No. 5,332,433
and 5,700,318 describe inorganic treatment protocols, as do U. S. Patents No. 5,203,916 and
5,976,237 for coatings end-use applications. Typically, the optional wet treatment oxide when
deposited, is present in an amount from about 0.5% up to about $% by weight caiculated on
treated pigment.
The alkali-soluble source of inorganic oxide can be added to the aqueous slurry of
titanium dioxide particles as an agueous oxide salf solution, said solution containing from about
1% by weight up to about 50% by weight of dissolved alkali-solubie salt, Preferred are aqueous
solutions containing from about 5% by weight up to about 40% by weight of dissolved alkali-
soluble salt. Most preferred are agueous solutions containing from about 15% by weight up to

about 35% by weight of dissolved alkali-soluble salt. Preferred are sodium and potassium salts,



Results are provided in Table 1, together with comparative results from two finishc_ad pigment sampl_es;
the first prepared utilizing the same procedure desc_ribed ab0\_/<_-:-, except that the zirconium oxychloride
reagent was batch-added at the beginning of the silica depogltlon step (Comparatlve Example 1A),
and the second prepared utilizing the same procedure described abO\{e, but |n_t_he absenp_e of the
addition of zirconium oxychloride to the sulfuric acid solution used during the silica deposition step,

[ ' i - ipi ili [ ia with 3% deposited silica
thus replacing t e treatment of co-precipitated silica and zirconia wi Y
(Compgrative E?(@adn?ﬁg EI%I;;z');%{irabIe | Pigment Zirconia Content and Phototat4iyHes4etrfity Value

Pigment Sample Co-precipitated Zirconia content (wt. %) HSPCA slope Example 1 0.20 1.0

Comparative Example 1A
or mixtures thereof.

The aqueous sulfuric acid solution comprises sulfuric acid in an amount from about 5%
by weight up to about 98% by weight of the solution, but preferably is from about 20% by
weight up to about 50% by weight of dissolved sulfuric acid and most preferably comprises from
about 25% by weight up to about 40% by weight of dissolved sulfuric acid.

The acid-soluble source of inorganic oxide and/or acid-soluble salt of a cation capabile of
forming a water-insoluble phosphate can be dissolved into the agueous sulfuric acid solution
from a previously prepared aqueous metal salt solution or from a solid salt, said sulfuric acid
soiution ultimately containing dissolved acid-soluble salts in amounts caiculated to achieve from
about 0.05% up to about 8% of co-precipitated oxide and/or phosphate, by weight based on
titanium dioxide. Preferred is dissolved acid-soluble salt in an amount calculated to achieve from
about 0.1% up to about 5% of co-precipitated oxide and/or phosphate, by weight based on
titanium dioxide. Most preferred is dissolved acid-soluble salt in an amount calculated to achieve
from about 0.2% up to about 2.0% of co-precipitated oxide and/or phosphate, by weight based on
titanium dioxide. The acetate, chloride, nitrate, and sulfate metal salts are preferred,

Typically, the wet treatment mixed inorganic oxides and/or phosphates are deposited
according to the process of the instant invention in amounts as an additive sum from about 0.2%
up fo about 10% by weight calculated on treated pigment, preferably from about 0.5% up to
about 8% by weight calculated on treated pigment, most preferably from abowt 1.0% up to about
5% by weight calculated on treated pigment, wherein the weight ratio of the deposited oxide
and/or phosphate from the alkali-soluble source of an inorganic oxide and/or phosphate to the
deposited oxide and/or phosphate from the acid-soluble source of an inorganic oxide and/or

phosphate is between about 30:1 to about 1:10. Preferred is 2 ratio between about 20:1 to about
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0.20 2.3 Comparative Example 1B none 2.5 Example 1 illustrates Fhe novel process of the instant
invention, wherein titanium dioxide pigment is produced having deposn_e_d thereon in .two squentlacl)
steps, a mixed inorganic oxide wet treatment comprising 3.0% den;e silica co-preC|p|tateq with 0.2_/0
zirconia, followed by 2.0% alumina (percents are by weight of the _plgment). The subst_antlal _durablllty
performance increase (decreased HSPCA value versus comparative e_xample) (_)f the inventive
pigment indicates uniform incorporation of the co-precipltated zirconia into the silica treatment. The
resulting titaniumwﬁé%ﬂésﬁfﬁment is particularly useful in the prqductlon d‘ff.‘éﬁmﬂwmles and WO.
2008/136946PCT/US2008/005394 compositions including plastics and coatings, especially for exterior

applications. Example 2
1:1. Most preferred is a ratio between about 15:1 to about 2:1.

Pertaining to step (e) in both aspects of the preseni invention, the optional wet treatment
atuminum oxide can be applied utilizing any of the known processes for depositing aluminum
oxides onto the titanium dioxide. Typically, when present, the wet treatment aluminum oxide is
present in an amount from about 0.5% up 10 about 5% by weight calculated on treated pigment.
The optional wet treatment aluminum oxide can also have optionally co-deposited therein co-
precipitated oxides and/or phosphates without departing from the spirit and scope of the
invention.

Further processing of the wet-treated titanium dioxide pigment particles can be
accomplished by filtration using a vacuum-type filtration system or a pressure-type filtration
system, washing, and drying, using any of the procedures known in the art, For drying, this
would include vacuum drying, spin-flash drying, or spray drying to produce a dry titanium
dioxide pigment powder. The preferred method is spray drying. The dry product thus produced
can be optionally ground to a desired final particle size distribution using, for example,
conventional steamn micronization in the presence or absence of additional functional additives as
known in the art.

The following examples serve to illustrate specific embodiments of the instant invention,
without intending to limit or restrict the scope of the invention as disclosed herein.
Concentrations and percentages are by weight unless otherwise indicated,

Example ]

Particulate titanium dioxide pigment intermediate obtained from the vapor phase
oxidation of titanium tetrachloride containing 1.0% alumina was dispersed in water in the

presence of 0.15% by weight (based on pigment) of sodium hexametaphosphate dispersant,
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Particulate titanium dioxide pigment intermediate obtained from the vapor phase oxidation of titanium
tetrachloride containing 1.0% alumina was dispersed in water in the presence of 0.15% by weight
(based on pigment) of sodium hexametaphosphate dispersant, along with a sufficient amount of
sodium hydroxide to adjust the pH of the dispersion to a value of 9.5 or greater, to achieve an aqueous
dispersion with a solids content of 35% by weight. The resulting titanium dioxide slurry was sand
milled, using a zj -fo-pigment weight ratio of 4 to 1, until a volume average patrticle size was
achieved whereiﬁ%ﬁ%ﬂﬁﬁ%ﬁ) 90% of the particles were smaller than O 63 fgni%}rsdzﬂgs,gaﬁg’%etermined
utilizing a Microtrac X100 Particle Size Analyzer. The resulting slurry, diluted to 30% solids by
weight, was heated to 90C and subsequently treated with 3.0%, calculated as silica by weight of final
pigment, of sogiunitisilicdtejcaddec:omets20minvies:ds @ 250:granllieregiieeus-sadivimisdicate
solution. While maintaining the temperature at 90C, the pH of the slurry was slowly decreased to a pH
of 5.0 over 455 iidtEpriaehivie tiesion adieitior b 3BoEpi neightadébus suifeiric eid solution,
said sulfuric ac'g solution CEPnt%jnirillgTaluminugw nggte disso|ved the(gein ata c_onceintrat,ion calculated
to achieve 0596 15y WaIGht DASSE SR HIEATRT dIoXiae~0F e Pratipata P MR B A48 *ollowing a
digestion perigd QfufiP.SUNHES RLRE 7 rmce 9% AminR &y Weight:of fnal Rigmenkas;added over 20
minutes as a 180 gram/liter aqueous sodium alurninate solution, while maintaining the pH of the slurry
between a veltesahi@:Oland 83omitaciiese dneaniitanttadtlitio noh 3600 Jaguaars Bulfefig acid-solution,
said sulfuric acid solution containing no other dissolved ingredients. The dispersion was allowed to
equilibrate avoBersrns Mirgessratitimich point the pH WO 2008/136946PCT/US2008/005394 of the
slurry was re-adjusted to 5.8, prior tq filtrati hile hot. Th resuE[ien %ilte ke was washed with an
amount of water, \?v %ﬁﬁta“c’:ggg’éﬁ’ét%ﬁ%%&%%&??&%a\rﬂ %g&a‘ﬁ?ﬁs e% 0% 8% 3?&.0, equal to 1.5 times
the estimateghwaighh O LeeaVRIRS PR ated JB&W@&Q@%&%&%&%{J&%{, GRk&iMAS subsequently
re-dispersed in water with agitation, and dried using an APV Nordic PSD52 Spray Dryer, maintaining a
dryer inlet temperatitel of appraximatety 280G toliie idwcryspigmentipovwdrri chhw/slry pigment powder
was then steam micronized in the presence of 0.35% by weight based on pigment of trimethylol

propane, utiging et dsrirrrprirettldight mtiefdrsBy e iswarfcmesdrprebseré Set at 146 psi

and micronzet 109 pessute selal L1 psl compleling tne fjshed pment prepergion,  The
alumina content of the re ulting pigment produced accordingto the inventive [Z)I’OCGS%‘l as determined

via known Xzray fiareseentsitechniduss wilizinga RANaMIGLBW2 404 SResiameler: with

appropriate calibration to standards and matrix corrections. To determine the degree of
effectivenessiangainifechitty: Of2fMcoyparatiomet! hvetcorpne dipiidate dfalupénpiacedrdingitenthe process of
the instant invention, pigment photocatalytic activity was determined as described in Example 1.

Smaller val@&8snthtatangredgssisippidss i ominHeraht BtAATdnT diodue s mereighotbBathlytic
activity, and IheretforgS greater d biIitX or greater. {g;f"lf?tance to disdcolorfjltion botpmof which directly

result from more efficient and uni olflﬁwnlﬁegorporati no c%r-ab %e&%ﬁt%tég%?u%}ﬁﬁ%sgmd%% into the silica
surface treatfiRNhaintaining the pH of the shurry between a value of 8.0 and 8.5 via the concomitant
addition of 36% aqueous suifuric acid solution, said sulfuric acid solution containing no other
dissolved ingredients.
The dispersion was allowed to equilibrate at 90°C for 15 minutes, at which point the pH
of the siurry was re-adjusted to 5.8, prior to filtration while hot. The resulting filter cake was
washed with an amount of water, which had been preheated to 60°C and pre-adjusted to a pH of

7.0, equal to 1.5 times the estimated weight of recovered pigment.

The washed semi-solid fiiter cake was subsequently re-dispersed in water with agitation,
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Results are provided in Table 2, together with comparative results from two finished pigment samples;
the first prepared utilizing the same procedure described above, except that the aluminum sulfate
reagent was batch-added at the beginning of the silica deposition step (Comparative Example 2A),
and the second prepared utilizing the same procedure described above, but in the absence of the
addition of aluminum sulfate to the sulfuric acid solution used WO 2008/136946PCUUS2008/005394

during the silica Qd?’%‘%ﬂ% Step, thus replacing the mixed oxide treatment of co-ﬂ(?ﬂ%ig%itated silica and
e

alumina with 3% deposited silica (Comparative Example 28). Table 2 Pig}’r%rﬁé/g D8RI content and

Photocatalytic Activity Value Pigment Sample Total Alumina content (wt. %) HSPCA slope Example 2

and dried using an APV Nordic PSD52 Spray Dryer (Invensys APV Silkeborg, Denmark),
maintaining a dryer inlet temperature of approximatety 280°C, to yield a dry pigment powder.
The dry pigment powder was then steam raicronized in the presence of 0.35% by weight based
on pigment of trimethylol propane, utilizing a steam to pigment weight ratio of 2.5, with a steam
injector pressure set al 146 psi and micronizer ring pressure set at 118 psi, completing the
finished pigment preparation.

The zirconia content of the resulting pigment produced according to the inventive process
was determined via known X-ray fluorescence techniques utilizing a PANalytical PW2404
Spectrometer (PANaiytical B. V. Almelo, The Netherlands), with appropriate calibration to
standards and matrix corrections.

To help determine the degree of effectiveness and uniformity of incorporation of the co-
precipitated zirconia according to the process of the instant invention, pigment photocatalytic
activity was determined ufilizing the technique documented in T. . Brownbridge and J. R. Brand,

" “Photocatalytic Activity of Titanium Dioxide Pigment”, Surface Coatings Australia, September
1690, pages 6-11 (paper presented at the 32nd Annual SCAA Convention, Perth, Wash.,
September 1990), as referenced and further described in U. S. Patent No. 5,730,796, This
involves the steps of: (1) placing about 0.2 ¢ of the TiO2 product in about 40 ml of
spectroscopic-grade isopropanol; (2) exposing the TiO, /isopropanol composition to ulfra-violet
light; (3) monitoring the formation of acetone in the test composition over time; (4) determining,
by linear regression analysis, a linear rate of acetone formation in the test composition; and (5)
multiplying the calculated rate value by a factor of 1000. The resulting value (reported as High
Sensitivity Photocatalytic Activity (HSPCA) slope} is proportional to the photocatalytic response

of the pigment upon exposure to ultraviolet light, and provides a measure of accelerated
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3.5 1.2 Comparative Example 2A 3.5 2.0 Comparative Example 2B 3.0 2.5 Example 2 illustrates
the novel process of the instant invention, wherein titanium dioxide pigment is produced having
deposited thereon in two sequential steps, a mixed inorganic oxide wet treatment comprising
co-deposited 3.0% dense silica and 0.5% alumina, followed by 2.0% alumina (percents are by weight
of the pigment). The substantial durability performance increase (decreased 1-ISPCA value versus

comparative exa\glip&gg pf }pe inventive pigment indicates uniform incorparation of the co-precipitated
S 7136945 R I : PCT/US2008/008304 .
alumina into the silica treatment. The resulting titanium dioxide pigment is particularly useful in the

production of end-use articles and compositions including plastics and coatings, especially for exterior
applications.
weathering performance of coatings or plastics incorporating the pigment product. Smaller

values indicate greater suppression of inherent titaniura dioxide pigment photocatalyiic activity,
and therefore greater durability, or greater resistance to discoloration, both of which directly
result from more efficient and uniform incorporation of co-precipitated zirconium oxides into the
silica surface treatment.

Results are provided in Table 1, together with comparative results from two finished
pigment samples; the first prepared utilizing the same procedure described above, except that the
zirconium oxychloride reagent was batch-added at the beginning of the silica deposition step
(Comparative Exampie 1A), and the second prepared uttlizing the same procedure described
above, but in the absence of the addition of zirconium oxychloride to the sulfuric acid solution
used during the silica deposition step, thus replacing the mixed oxide treatment of co-precipitated
silica and zirconia with 3% deposited silica (Comparative Example 1B).

Table |

Pigment Zirconia Content and Photocatalvtic Activity Value

Pigment Sample Co-precipitated Zircomia content {wt. %) HSPCA slope
Example 1 0.20 1.0
Comparative Example 1A : 0.20 2.3
Comparative Example 1B Bone 2.5

Example 1 illustrates the novel process of the instant invention, wherein titanium dioxide
pigment is produced having deposited thereon in two sequential steps, a mixed inorganic oxide
wet treatment comprising 3.0% dense silica co-precipitated with 0.2% zirconia, followed by
2.0% alumina (percents are by weight of the pigment). The substantial durability performance
increase (decreased HSPCA value versus comparative example) of the inventive pigment
indicates uniform incorporation of the co-precipitated zirconia into the silica treatment. The

resulting titanium dioxide pigment is particularly useful in the production of end-use articles and
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Example 3 Particulate titanium dioxide pigment intermediate obtained from the vapor phase
oxidation of titanium tetrachloride containing 1.0% alumina was dispersed in water in the presence of
0.15% by weight (based on pigment) of sodium hexametaphosphate dispersant, along with a sufficient
amount of sodium hydroxide to adjust the pH of the dispersion to a value of 9.5 or greater, to achieve
an aqueous dispersion with a solids content of 35% by weight. The resulting titanium dioxide slurry
was sand milled,_usi [rcon sand-to-pigment weight ratio of 4 to 1, until a volume average particle
size was achievgéjé Wgﬂ%%f%ﬁ%nore than 90% of the particles were smaller ﬁggﬁj%?/ﬂ?fé?&ns, as
determined utilizing a Microtrac X100 Particle Size Analyzer. WO 2008/136946PCT/US2008/005394
The resulting slurry, diluted to 30% solids by weight, was heated to 90C and subsequently treated with
3.0%, calculakapbsisi silicahyiweight of fiaabpigmentofsodiv o siicaie)ragad. over 30 minutes as a
250 gram/liter aqueous sodium silicate solution in parallel with the addition of 36% by weight sulfuric
acid solution to lows#ERESlurry pH to 5, while maintaining the temperature at 90C. Following a

digestion period o%lS. miinut__es at a§H,§f 5, 2.0% alumina, bg weight of final pigment, was added over
20 minutes as a 187 GrARTITEP SEUEBTEutIti BiGHIFLLE SBRIBEhTam i R0 ERNg the pH of the

slurty at a vl af./oP i the sensemiiank.agdifiono A, aqusens sulliicagi elution, said sulfuric

acid solution containing zirconium oxychloride dissolved therein at a concentration calculated to
achieve 0.2%esaycweightshasedGhtitaniaandionider) of eanpresipiates rrcanimspxide,  The
dispersion was allowed to equilibrate at 90C for 15 minutes, at which point the pH of the slurry was
re-adjusted #5988/ ipriordd fitrratiorrwiicadotn Phidesisaltimgifilichcake b dvastied withyarcamount of

water, whichgbaéj been rehe%t,ed to 60C and pre-adjusted to a pH of 7.0, equal to 1.5 times the
estimated waignt OEFELSv &t &SRB ATISCUS PR LLHEH SIS SRBTRST caliePWaE SibsBtuently

re-dispersed i walSEID. ARRIAN AN Jeg USIRG A0ARY: NATCIS 5052 SPiRY P, meintaining a

dryer inlet temperature of approximately 280C, to yield a dry pigment pow: The dry pigment powder
was then steam michionizedninzthe: presenneaiot 0-35%ibyaveighibasedam pgmakofdimethylol
propane, utilizing a steam to pigment weight ratio of 2.5, with a steam injector pressure set at 146 psi
and microni?&feriig! pressu b arigons gsphicanivdletiig the Fishied Bt entipleparatioiyzer. The
resulting pigment {){l%duc td aqcord(iﬁp to Eh ipver}%’ve process was tested for zirconia content and
photocatal ytic activity 58 diserbed N EXSmpIe L I BIRS &P SRS IR FabI#"8, together with

ity as in

comparative,fsulis. fiom hwo.finisned plament samries; e M SlrRreP RS HHIZ 0% um
silicate, added over 20 minutes as a 250 gram/liter aqueous sodium silicate solution. While
maintaining the temperature at 90°C, the pH of the shurry was slowly decreased to a pH of 5.0
over a 35 minute period via the slow addition of 36% by weight aqueous sulfuric acid solution,
said sulfuric acid solution containing aluminum sulfate dissolved therein at a concentration
calculated to achieve 0.5%, by weight based on titanium dioxide, of co-precipitated aluminum
oxide. Following a digestion period of 15 minutes at pH = 5, 2.0% alumina, by weight of final
pigment, was added over 20 minutes as a 180 gram/liter aqueocus sodium aluminate solution,
while maintaining the pH of the slurry between a value of 8.0 and 8.5 via the concomitant
addition of 36% aqueous sulfuric acid solution, said sulfuric acid solution containing no other
dissolved ingredients.

The dispersion was aliowed to equilibrate at 90°C for 15 minutes, at which point the pH
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WO 2008/136946PCT/11S20118/005394 the same procedure described above, except that the
zirconium oxychloride reagent was batch-added immediately before the addition of the sodium
aluminate solution (Comparative Example 3A), and the second prepared utilizing the same procedure
described above, but in the absence of the addition of zirconium oxychloride to the sulfuric acid
solution used during the alumina deposition step, thus replacing the mixed oxide treatment of
co-precipitated zj | alumina with 2% deposited alumina (Comparative Example 3B). Table 3
Pig?nenthirconigvé%grll}?gr?&g?\d Photocatalytic Activity Value Pigment Sarﬁ(gféu%g{z%?g%%itated Zirconia
content (wt. %) HSPCA slope Example 3 0.20

of the shurry was re-adjusted to 5.8, prior to filtration while hot. The resulting filter cake was
washed with an amount of water, which had been preheated to 60°C and pre-adjusted to a pH of
7.0, equal to 1.5 times the estirated weight of recovered pigment.

The washed semi-solid filter cake was subsequently re-dispersed in water with agitation,
and dried using an APV Nordic PSD52 Spray Dryer, maintaining a dryer inlet temperature of
approximately 280°C, to vield a dry pigment powder. The dry pigment powder was then steam
micronized in the presence of 0.35% by weight based on pigment of trimethylol propane,
utilizing a steam to pigment weight ratio of 2.5, with a steam injector pressure set at 146 psi and
micronizer ring pressure set at 118 psi, completing the finished pigment preparation.

The alumina content of the resulting pigment produced according te the inventive process
was determined via known X-ray fluorescence techniques utilizing a PANalytical PW2404
Spectrometer, with appropriate calibration te standards and matrix corrections,

To determine the degree of effectiveness and uniformity of incorporation of the co-
precipitated alumina according to the process of the instant invention, pigment photocatalytic
activity was determined as described in Exampie 1. Smaller values indicate greater suppression
of inherent titanium dioxide pigment photocatalytic activity, and therefore greater durability, or
greater resistance to discoloration, both of which directly result from more efficient and uniform
incorporation of co-precipitated aluminum oxides into the silica surface treatment.

Results are provided in Table 2, together with comparative results from two finished
pigment samples; the first prepared utilizing the same procedure described above, except that the
aluminum sulfate reagent was batch-added at the beginning of the silica deposition siep
(Comparative Example 2A), and the second prepared utilizing the same procedure described

above, but in the absence of the addition of aluminum sulfate to the sulfuric acid solution used
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1.4 Comparative Example 3A 0.20 2.1 Comparative Example 3B none 2.5 Example 3 illustrates
the novel process of the instant invention, wherein titanium dioxide pigment is produced having
deposited thereon in two sequential steps, an inorganic oxide wet treatment comprising 3.0% dense
silica, followed by a mixed inorganic oxide wet treatment comprising 2.0% alumina co-precipitated with
0.2% zirconia (percents are by weight of the pigment). The substantial durability performance increase
_(decrease_d HSRCANA! METSus cor_npargti\_/e example) (_)f the inventive é%rlrfs%% iigt%icateg unifc_)rm_
incorporation of the co-precipitated zirconia into the alumina treatment. The resulting titanium dioxide
pigment is particularly useful in the production of end-use articles and compositions including plastics
and coatings, especially for exterior applications. Example 4

during the silica deposition step, thus replacing the mixed oxide treatment of co-precipitated

silica and alumina with 3% deposited silica (Comparative Example 28,
Table 2

Pigment Zirconia Content and Photocatalytic Activity Value

Pigment Sample Total Alumina content (wit. %) HEPCA slope
Example 2 3.5 1.2
Comparative Example 2A 3.5 2.0
Comparative Example 2B 3.0 2.5

Example 2 illustrates the novel process of the instant invention, wherein titanium dioxide
pigment is produced having deposited thereon in two sequential steps, a mixed inorganic oxide
wet treatment comprising co-deposited 3.0% dense silica and 0.5% alumnina, followed by 2.0%
alumina (percents are by weight of the pigment). The substantial durability performance increase
(decreased HSPCA value versus comparative example) of the inventive pigment indicates
uniform incorporation of the co-precipitated alumina into the silica treatment. The resulting
titanium dioxide pigment is particularly usefui in the production of end-use articles and
compositions including plastics and coatings, especially for exterior applications.

Example 3

Particulate titanium dioxide pigment intermediate obtained from the vapor phase
oxidation of titanium tetrachloride containing 1.0% alumina was dispersed in water in the
presence of 0.15% by weight (based on pigment) of sodium hexametaphosphate dispersant,
along with a sufficient amount of sodium hydroxide to adjust the pH of the dispersion to a value
of 9.5 or greater, to achieve an agqueous dispersion with a solids content of 35% by weight. The
resuliing titanium dioxide slurry was sand milled, using a zircon sand-to-pigment weight ratio of
4 10 1, until a volume average particle size was achieved wherein more than 90% of the particles

were smaller than 0.63 microns, as determined utilizing a Microtrac X100 Particle Size Analyzer.
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Particulate titanium dioxide pigment intermediate obtained from the vapor phase oxidation of titanium
tetrachloride and containing 0.6% alumina in its crystalline lattice was dispersed in water in the
presence of 0.18% by weight (based on pigment) of sodium WO 2008/136946PCT/U2008/005394
hexametaphosphate dispersant, along with a sufficient amount of sodium hydroxide to adjust the pH of
the dispersion to a minimum value of 9.5, to achieve an aqueous dispersion with a solids content of
35% by weight. Jhe, resulting titanium dioxide slurry was sand milled, usm%/%ség&%ﬁﬁnd-to-pigment
weight ratio of 4 to 1, until a volume average patrticle size was achieved wherein more than 90% of the
particles were smaller than 0.63 microns, as determined utilizing a Microtrac X100 Particle Size
Analyzer. The resulting slurry, diluted to 30% solids by weight, was heated to 70C and acidified to  of
about 6.0 using 36% bpWizig kitsulftiticed cics st utidds. Hyollaning & digestion(eriad of 15 minutes at a
pH of 6, 3.0% alumina, by weight of final pigment, was added over 20 minutes as a 180 gram/liter
aqueous sothbFEtaiHarESHithidA while tatraiHipbthe prief drangmeei of vedivenof 6 via the
concomitangi?dditig of 36% gqueous suI{%icr%(I:]iﬁi1 solution, saci‘gl suégiric acid solution tl:ontaining

. : d ;
zirconium oxfgﬁtledrl e aissoived Therein hta Eoncentration cafttiatey 8 athieVva . 59% ]18& weight

based on titanitimn: qmg@opﬁ@@-ep,r%@%m%m%ig&mn@aﬂd@;owermesiqiapglrﬁm,weallowed to
equilibrate at 70C for 15 minutes, at which point the pH of the slurry was re-adjusted to 7.0, prior to

filtration whiterihoinibheheasubitng fitter ¥ake ivaswirashégdewith prriatngudtrabwater awhiehshad been
preheated to 60C and pre-adjusted to a pH of 7.0, equal to 1.5 times the estimated weight of
recovered pidifteitming Thasasabanabnarsiofite s was simseqienty esaidisrsed in water with
agitation, and dried using an APV Nordic PSD52 Spray Drye intaining a dryer inlet temperature of
oroxmatBl S T T 2 Bt LOROET N T P Ghe BB e the Seam
micronized if.the REERENGEAI L 3PYh NGO Rased-npigmenkof dimeihylekprapane, utilizing a

steam to pigment weight ratio of 2.5, with a steam injector pressure set at 146 psi and micronizer ring
pressure setoatalilBcpaicexompieticigoiie: finished pigamentipprepanatiosh Méiated to achieve 0.2%,
2008/136946PCT/US2008/005394

by weight based on fitanium dioxide, of co-precipitated zirconium oxide.

The dispersion was allowed to equiiibrate at 30°C for 15 minutes, at which point the pl
of the slurry was re-adjusted to 5.8, prior to filtration while hot. The resulting filter cake was
washed with an amount of water, which had been preheated to 60°C and pre-adjusted to a pH of
7.0, equal to 1.5 times the estimated weight of recovered pigment.

The washed semi-solid filter cake was subsequently re-dispersed in water with agitation,
and dried using an APV Nordic PSD52 Spray Dryer, maintaining a dryer inlet temperature of
approximately 280°C, to vield a dry pigment powder. The dry pigment powder was then steam
micronized in the presence of 0.35% by weight based on pigment of rimethylol propane,
utilizing a steam to pigment weight ratio of 2.5, with a steam injector pressure set at 146 psi and
micronizer ring pressure set at 118 psi, completing the finished pigment preparation,

The resulting pigment produced according to the inventive process was tested for zirconia

content and photocatalytic activity as described in Example 1. Results are provided in Tabie 3,

together with comparative results from two finished pigment samples; the first prepared utitizing
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The resulting pigment produced according to the inventive process was tested for zirconia content and
photocatalytic activity as described in Example I. Results are provided in Table 4, together with
comparative results from two finished pigment samples; the first prepared utilizing the same procedure
described above, except that the zirconium oxychloride reagent was batch-added immediately before
the addition of the sodium aluminate solution (Comparative Example 4A), and the second prepared
utilizing the sam described above, but in the absence of the addition of zirconium
oxychl?nride to th%@%ﬂ%%%%%id solution used during the alumina depositigﬁré "é%)f%’ﬁ:ggr‘ieplacing the
mixed oxide treatment of co-precipitated zirconia and alumina with 3% deposited alumina
(Comparative Example 4B). Table 4 Pigment Zirconia Content and Photocatalytic Activity Value
Pigment SampieseprenipiitiesiZiconia, eanienhivwh Yx-HSRCAslopelE xample4sGah13
Comparative Example 4A

added immediately before the addition of the sodium aluminate sclution (Comparative Example

3A), and the second prepared utilizing the same procedure described above, but in the absence of
the addition of zircontum oxychioride to the sulfuric acid solution used during the alumina
deposition step, thus replacing the mixed oxide treatment of co-precipitated zirconia and alumina
with 2% deposited alumina (Comparative Example 3B).

Tabie 3

Pigment Zirconia Content and Photocatalytic Activity Value

Pigment Sample Co-precipitated Zirconia content (wt. %) HEPCA slope
Example 3 0.20 1.4
Comparative Ixample 3A 0.20 2.1
Comparative Example 3B none 2.5

Example 3 illustrates the novel process of the instant invention, wherein titanium dioxide
pigment is produced having deposited thereon in two seguential steps, an inorganic oxide wet
treatment comprising 3.0% dense silica, followed by a mixed inorganic oxide wet treatment
comprising 2.0% alumina co-precipitated with 0.2% zirconia (percents are by weight of the
pigment). The substantial durability performance increase (decreased HSPCA value versus
comparative example) of the inventive pigment indicates uniform incorporation of the co-
precipitated zirconia into the alumina treatment. The resulting titanium dioxide pigment is
particularly useful in the production of end-use articles and compositions including plastics and
coatings, especially for exterior applications.

Example 4

Particulate titanium dioxide pigment intermediate obtained from the vapor phase
oxidation of titanium tetrachloride and containing 0.6% alumina in its crystalline lattice was

dispersed in water in the presence of 0.18% by weight (based on pigment} of sodium
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0.20 14 Comparative Example 4B none 18 Example 4 illustrates the novel process of the instant
invention, wherein titanium dioxide pigment is produced having deposited thereon in a single step, a
mixed inorganic oxide wet treatment comprising 3.0% alumina co-precipitated with 0.2% zirconia
(percents are by weight of the pigment). The durability performance increase (decreased HSPCA
value versus comparative example) of the inventive pigment indicates uniform incorporation of the

co-precipitated Z%P%ozra@dgﬁt%ghe alumina treatment. The resulting titanium dioxide pigment is

- . . 7! =
particularly useful in the production of architectural and industrial coatlngs(?TGV%‘mgm‘ 5394

2008/136946PCT/US2008/005394 Example 5

hexametaphosphate dispersant, along with a sufficient amount of sodium hydroxide to adjust the
pH of the dispersion to a minirnum value of 9.5, 1o achieve an agueous dispersion with a solids
content of 35% by weight. The resulting titanium dioxide slurry was sand milled, using a zircon
sand-to-pigment weight ratio of 4 fo 1, until a volume average particle size was achieved wherein
more than 90% of the particles were smaller than 0.63 microns, as determined utilizing a
Microtrac X100 Particle Size Analyzer.

The resuiting sturry, diluted to 30% solids by weight, was heated to 70°C and acidified to
pH of about 6.0 using 36% by weight sulfuric acid solution. Following a digestion period of 15
minutes at é pH of 6, 3.0% alumina, by weight of final pigment, was added over 20 mimites as a
180 gram/liter aqueous sodium aluminate solution, while maintaining the pH of the slurry at a
value of 6 via the concomitant addition of 36% agueous sulfuric acid solution, said sulfuric acid
solution containing zirconium oxychloride dissolved therein at a concentration calculated to
achieve 0.2%, by weight based on titanium dioxide, of co-precipitated zirconium oxide.

The dispersion was allowed to equilibrate at 70°C for 15 minutes, at which point the pH
of the slurry was re-adjusted to 7.0, prior to filtration while hot. The resulting filter cake was
washed with an amount of water, which had been preheated to 60°C and pre-adjusted to a pH of
7.0, equal to 1.5 times the estimated weight of recovered pigment.

The washed semi-solid filter cake was subsequently re-dispersed in water with agitation,
and dried using an APV Nerdic PSD52 Spray Dryer, maintaining a dryer inlet temperature of
approximately 280°C, to yield a dry pigment powder. The dry pigment powder was then steam
micronized in the presence of (.35% by weight based on pigment of trimethylol propane,
utilizing a steam to pigment weight ratio of 2.3, with a steam injector pressure set at 146 psi and

micronizer ring pressure set at 118 psi, completing the finished pigment preparation.



Particulate titanium dioxide pigment intermediate obtained from the vapor phase oxidation of titanium
tetrachloride containing 1.0% alumina was dispersed in water in the presence of 0.15% by weight
(based on pigment) of sodium hexametaphosphate dispersant, along with a sufficient amount of
sodium hydroxide to adjust the pH of the dispersion to a value of 9.5 or greater, to achieve an aqueous
dispersion with a solids content of 35% by weight. The resulting titanium dioxide slurry was sand
milled, using a zjjepRsand;to-pigment weight ratio of 4 to 1, until a volurgg.average particle size was
achieved wherein more than 90% of the particles were smaller than 0.63 microns, as determined
utilizing a Microtrac X100 Particle Size Analyzer. The resulting slurry, diluted to 30% solids by
weight, was heated to 70C and subsequently treated with 1.8%, calculated as alumina by weight of
final pigment, of sotkumuitingrrmte)tadebded ver@0minube sSrasna vE§Oogramii ersadentissodium
aluminate solution, and 5.0% by weight of trisodium phosphate, added over ten minutes as a 10%
solution in WEEEF WHIRD HRSHREIITGIRE GSiperRid Sraoee fhgfiﬁﬁtﬁﬁﬁ%ﬁm%g%béﬁié’wly decreased
to a pH of 7f{gg%ﬁerr \91%5 minute y%erio \@r% r%ht% g.lpn\{\llsgléjddition f36% b \év%i'%pt nglljrg&liu&fsulfuric acid

solution, said™sulfuric a%?glg%rﬁjtloﬁeé%rftalmng zirconiu I%IQ% SIQ(L)anIp EéS; ISSO epé erein a%lgg

concentratigg caleulatediie: achigvas 93%, Ky avaighthbasedantiianinmigioxide.fLarREgcipitated
zirconium oxide. Following a digestion period of 15 minutes at a pH of 7, 3.2% alumina, by weight of
final pigmentidabsraddedt:pvei@0 thrinditesas! ¢hd 88igrapifiteragurous Sodiparealerivaatgsolution,
while maintaining the pH of the slurry at value of 7 via the concomitant addition of 36% aqueous
sulfuric acid*6eIBfbRC SETANSUITEREANY SRS TEBHREATAY e RAPRST ARSI ThEretisits. ©wo
2008/13694@35% 1US2008/005394 The dispersion wa E(IJ| wed o glgyilitgprat? at. 70C for 15

[

' ; : hlorjdet 2 .
minutes, at which 5%!}& gﬁlecgﬁliqrf ot the s u?r)e was re-adjustéo utéox}}& prlornt% firation while hot. The

resulting filtgseakenvas washedwith aoamauntaf watesmwhichhagheanprehaateckieRC and
pre-adjusted to a pH of 7.0, equal to 1.5 times the estimated weight of recovered pigment. The
washed semitgdiie divesicdkéumas Subseyuentixrewlisflersed in water with agitation, and dried using
an APV Nordic PSD52 Spray Dryer, maintaining a dryer inlet temperature of approximately 280C, to
yield a dry pigment powder. The dry pigment powder was then steam micronized in the presence of
0.35% by weight based on pigment of trimethylol-propane, utilizing a steam to pigment weight ratio of
2.5, with a steam injector pressure set at 146 psi and micronizer ring pressure set at 118 psi,
completing the finished pigmemiprerafatioseent akeHassitingpigmant paeduced according to the
inventive process was tested for zirconia content and photocatalytic activity as described in Example
1. Results are pro¥igeehirs#atite 5, togetherwithiwohibaratverresultsiffom o fikiSRE€d pigrment samples;
the first prepared.utifizasepihé sante procedure describBdlabove except that the zird@nium axychloride
reagent was-BatEREay “Teivata =Tl &el/_fgumng_me_arﬁ;'ﬂgnn of the trisodium phncpll’}nfp solution
(Comparati :nm‘g%lﬁ\xmnﬁ gIB and nrenarndqgﬁﬁvinn the-same p-nnnrhlrnlﬁncr\rihnr above'

Fal faYal
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but in the absence of the addition of the zirconium oxychloride to the sulfuric acid solution used during
the a'“ﬁ“_”“”‘ ph%&ﬂﬁt@ @'ﬁ%ﬁ@%ﬁtﬁ&reﬁ%&éﬁ@%@%&%t%%%%&b%@ﬁ%@ﬁ%‘ﬁﬁ geatent of
co-precipitated zirconia and aluminum phosphate with 3.8% deposited aluminum phosphate
(Comparatiyzixaim pledBid MR 20084 136Q46R0R &) SROO8MH053D4 inorganic oxide wet

treatment comprising 3.0% alumina co-precipitated with 0.2% zirconia {percents are by weight
of the pigment). The durability performance increase (decreased HSPCA value versus
comparative example) of the inventive pigment indicates uniform incorporation of the co-
precipitated zirconia into the alumina treatment. The resuiting titanium dioxide pigment is

particularly useful in the production of architectural and industrial coatings.
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Table 5 Pigment Zirconia Content and Photocatalytic Activity Value Pigment Sample Co-precipitated
Zirconia content (wt. %) HSPCA slo.e Example 5 0.20 2.6 Com.arative Exle 5A 0.20

WO 2008/136946 PCT/US2008/005394

Example 5

Particulate titanium dioxide pigment intermediate obtained from the vapor phase
oxidation of titanium tetrachloride containing 1.0% alumina was dispersed in water in the
presence of 0.15% by weight (based on pigment) of sodium hexametaphosphate dispersant,
along with a sufficient amount of sodinm hydroxide to adjust the pH of the dispersion to a value
of 9.5 or greater, to achieve an agueous dispersion with a solids content of 35% by weight. The
resulting titanium dioxide slurry was sand milled, using a zircon sand-to-pigment weight ratio of
4 to 1, until a volume average particle size was achieved wherein more than 90% of the particles
were smaller than 0.63 microns, as determined utilizing a Microtrac X100 Particle Size Analyzer.

The resulting slurry, diluted to 30% solids by weight, was heated to 70°C and
subsequently treated with 1.8%, calculated as alumina by weight of final pigment, of sodium
alufninate, added over 20 minutes as a 180 granvliter agueous sodium aluminate solution, and
5.0% by weight of trisodium phosphate, added over ten minutes as a 10% solution in water.
While maintaining the temperature at 70°C, the pH of the slurry was slowly decreased to a pH of
7.0 over a 55 minute period via the slow addition of 36% by weight aqueous sulfuric acid
solution, said sulfuric acid solution containing zirconium oxychloride dissolved therein at a
concentration caiculated to achieve 0.2%, by weight based on titanium dioxide, of co-
precipitated zirconium oxide. Following a digestion period of 15 minutes at a pH of 7, 3.2%
alumina, by weight of final pigment, was added over 30 minutes as a 180 gram/liter aqueous
sodium aluminate solution, while maintaining the pH of the shurry at value of 7 via the
concomitant addition of 36% agueous sulfuric acid solution, said sulfuric acid solution

containing no other dissolved ingredients.
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2.8 Comparative Example 5B none 3.9 Example 5 illustrates the novel process of the instant
invention, wherein titanium dioxide pigment is produced having deposited thereon in two sequential
steps, a mixed inorganic phosphate-oxide wet treatment comprising 3.8% aluminum phosphate
co-precipitated with 0.2% zirconia, followed by 3.2% alumina (percents are by weight of the pigment).
The durability performance increase (decreased HSPCA value versus comparative example) of the

inventive pigmeg&dr}g';g%gﬁéuniform incorporation of the co-precipitated {J{%%},i{?néﬁﬁ%%?f aluminum
phosphate treatment. The resulting titanium dioxide pigment is particularly useful in‘the production of

end-use articles and compositions including plastics, coatings, and, in particular, paper laminates. WO
2008/136946PCT/US2008/005394 WHAT IS CLAIMED IS: I.A process for manufacturing a titanium
dioxide pigment intluding@isurfacgiowed to equilibrate at 70°C for 15 minutes, at which point the pH

of the sturry was re-adjusted to 7.0, prior to filtration while hot. The resulting filter cake was
washed with an amount of water, which had been preheated to 60°C and pre-adjusted to a pH of
7.0, equal to 1.5 times the estimated weight of recovered pigment.

The washed semi-solid filter cake was subsequently re-dispersed in water with agitation,
and dried using an APV Nordic PSD52 Spray Dryer, maintaining a dryer inlet temperature of
approximately 280°C, to yield a dry pigment powder. The dry pigment powder was then steam
micronized in the presence of 0.35% by weight based on pigment of trimethylol propane,
utilizing a steam to pigment weight ratio of 2.5, with a steam injector pressure set at 146 psi and
micronizer ring pressure set at 118 psi, completing the finished pigment preparation.

| The resulting pigment produced according to the inventive process was tested for zirconia
content and photocatalytic activity as described in Exampie 1. Results are provided in Table 3,
together with comparative results from two finished pigment samples; the first prepared utilizing
the same procedure described above except that the zirconium oxyvchloride reagent was batch-
added immediately following the addition of the trisodium phosphate solution (Comparative
Example 5A), and the second prepared utilizing the same procedure described above, but in the
absence of the addition of the zirconium oxychloride to the sulfuric acid solution used during the
aluminum phosphate deposition step, thus replacing the mixed phosphate-oxide treatment of co-
precipitated zirconia and aluminum phosphate with 3.8% deposited aluminum phosphate

{Comparative Example 5B).
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treatment whereby a plurality of inorganic oxides or a combination of one or more inorganic oxides
with one or more inorganic phosphates are applied to a titanium dioxide base pigment from a chloride
process or from a sulfate process, comprising the steps of: a) preparing art aqueous alkaline
slurry of titanium dioxide base pigment from a sulfate or chloride process and in which at least one
aqueous alkali-soluble source of an inorganic oxide has been dissolved; b) dissolving at least one
agueous acid-s ;gﬂ@%ggg of an inorganic oxide and/or at least one a%%e%%gg%c&i?oluble salt of a
cation capable of forming a water-insoluble phosphate, into an aqueous SHINVERE Gl s?%lution; then

c¢) gradually adding said sulfuric acid solution to the aqueous alkaline slurry of titanium dioxide base
pigment, the amount of added sulfuric acid solution being sufficient to achieve a final slurry pH value
between about 4 up to about 8.5. 2. A process according to Claim 1, wherein the titanium dioxide
base pigment selected has previously been surface treated to deposit at least one inorganic oxide
thereon from the group consisting of the inorganitbitiéles of aluminum, boron, phosphorus, silicon,
titanium and zirconium. 3. A P ocess CCOW to Claim 2, wherein the titanium dioxide base

pigment used to form the agaasts AficAlhe B ﬁﬁﬁggﬁ?gﬁﬁcﬁﬁgﬁ%%ab’&ce_nt to about 5 percent

by weight of the '@MH{%%HE Or OX '%Bné%&iﬁh%{é!f ﬁ}%OWﬁ'&i&éﬁftW. %a ed-pigier |§18§;€a wihole. _
WO 2008/136946P L AIHRE08/005394 4T A procgssaccording to Clainmt, whergnr thesiep a) is
performed by fasapnga amxkielof Atanium dioxide base pigment from a sulffate or ghjoride process in
water, and theivageing ¢ iheshisiire at least one aquesds alkali-soluble oxide salg selected from the
group consisting of the aqueous alkali-soluble oxide salts of aluminum, boron, phosphorus and silicon.

Exampie 5 illustrates the novel process of the instant invention, wherein titanium dioxide
pigment is produced having deposited thereon in two sequential steps, a mixed inorganic
phosphate-oxide wet treatment comprising 3.8% aluminum phosphate co-precipitated with 0.2%
zircomnia, followed by 3.2% alumina (percents are by weight of the pigment). The durability
performance increase (decreased HSPCA value versus comparative example) of the imventive
pigment indicates uniform incorporation of the co-precipitated zirconia into the aluminum
phosphate treatment. The resulting titanium dioxide pigment is particularly useful in the
production of end-use articles and compositions including plastics, coatings, and, in particular,

paper laminates.
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5. A process according to Claim 4, wherein sodium or potassium salts of aluminum, boron,
phosphorus or silicon are used and added in the form of an aqueous solution containing from about |
percent to about 50 percent by weight of the dissolved salts. 6. A process according to Claim 5,
wherein sodium or potassium salts of aluminum, boron, phosphorus or silicon are used and added in
the form of an aqueous solution containing from about 5 percent to about 40 percent by weight of the
dissolved salts. W 7. Aprocess according to Claim 6, wherein sodium or potassium salts of
aluminum, boron, Bﬁ?)(%ﬁ&"ﬁs or silicon are used and added in the form ¢tan sgessossssolution
containing from about 15 percent to about 35 percent by weight of the dissolved salts. 8. A
process according to Claim 1, wherein the at least one aqueous acid-soluble source of an inorganic

oxide or of axgationcapablg:ef f@rming a water-insoluble phosphate is selected from the group
consisting of the aqueous acid-soluble salts of aluminum, cerium, tin, titanium and zirconium. 9.
A process according to Claim 8, wherein the at least one aqueous acid-soluble source of an inorganic
oxide or of a cation capable of forming a water-insoluble phosphate is added and dissolved into the

aqueous sulfuric dcid schRieFFih ieforifreittios of mpreviousti preparadoagueousmetal salt solution
orin _solid salt, O herels 19. ﬁrﬁggpgfsi% Oarcgqrdin% to Claim |, wherein the aqueous sulfuric acid
solution useé: vap ¥ ganic oxides or a combination of one or more morganic
oxides with one or more inorganic phosphates are applied 1o a titanium dioxide base pigment
from a chloride process or from a sulfate process, comprising the steps of:
a) preparing an aqueous alkaline shury of titanium dioxide base pigenent from a sulfate or
chloride process and in which at least one aqueous alkali-soluble source of an inorganic oxide
has been dissolved;
b) dissolving at least one aqueous acid-soluble source of an inorganic oxide and/or at
ieast one aqueous acid-solubie salt of a cation capable of forming a water-insoluble phosphate,
into an aqueous sulfuric acid solution; then
c) gradually adding said sulfuric acid solution to the agueous alkaline slurry of titanium
dioxide base pigment, the amount of added sulfuric acid solution being sufficient to achieve a
final slurry pH value between about 4 up to about 8.5,
2. A process according to Claim 1, wherein the titanium dioxide base pigment
selected has previously been surface treated fo deposit at least one inorganic oxide thereon from
the group consisting of the inorganic oxides of aluminum, boron, phosphorus, silicon, titanium
and zirconium.
3. A process according to Claim 2, wherein the titaniwm dioxide base pigment used
to form the aqueous alkaline slurry includes from about 0.5 percent to about 5 percent by weight

of the inorganic oxide or oxides, based on the weight of the treated pigment as a whole,
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[ [ bout 5 percent by weight up to about 98 percent of sulfuric acid. WO
IZnOg[SB/q:?G)S9IS‘Af(];rFC’)E:nT{;IU820055/005394y 1gl. A process according to .Claim 10, wherein the agueous
sulfuric acid solutionused in step b) is from about 20 percent by weight up to about.50 percent pf
sulfuric acid. 12. A process according to Claim 11, wherein the aqueous_sulfu_rlc acid solutionused
in step b) is from about 25 percent by weight up to about 40 percent of sulfuric acid. 13. A process

' ' i itani ioXi [ is from about 5 percent up to about
according to Cla wherein the titanium dioxide base pigment is ent .
65 percent by Wé?%hﬁ%%ﬁ?%U%US alkaline slurry. 14. A process atcoHitpE€Him 13, wherein

the titanium dioxide base pigmentis

4, A process according to Claim 1, wherein the step a) is performed by forming a
mixture of titanium dioxide base pigment from a suifate or chloride process in water, and then
adding to the mixture at least one aqueous afkali-soluble oxide salt selected from the group
coﬁsis‘iing of the aqueous alkali-soluble oxide salts of aluminum, boron, phosphorus and silicon.

5. A process according to Claim 4, wherein sodiam or potassium salts of aluminum,
boron, phosphorus or sificon are used and added in the form of an aqueous solution containing
from about 1 percent to about 50 percent by weight of the dissolved salts.

6. A process according to Claim 5, wherein sodium or potassium salts of aluminum,
boron, phosphorus or silicon are used and added in the form of an aqueous solution containing
from about 5 percent to about 40 percent by weight of the dissolved salts.

7. A process according to Claim 6, wherein sodium or potassium salts of aluminum,
boron, phosphorus or silicon are used and added in the form of an agueous solution containing
from about 15 percent to about 35 percent by weight of the dissolved saits.

8. A process according to Claim 1, wherein the at jeast one aqueous acid-soluble
source of an inorganic oxide or of a cation capable of forming a water-insolubie phosphate is
selected from the group consisting of the aqueous acid-soluble salts of aluminum, cerium, tin,
titanium and zirconium.

9, A process according to Claim 8, wherein the at least one aqueous acid-soluble
source of an inorganic oxide or of a cation capable of forming a water-insolubie phosphate is
added and dissolved into the aqueous sulfuric acid solution in the form either of a previously
prepared aqueous metal salt solution or in solid salt form.

10. A process according to Claim 1, wherein the agueous sulfuric acid solution used

m step b) is from about 5 percent by weight up to about 98 percent of sulfuric acid.
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from about 15 percent to about 45 percent by weight of the aqueous alkaline slurry. 15A process
according to Claim 14, wherein the titanium dioxide base pigment is from about 25 percent to about 40
percent by weight of the aqueous alkaline slurry. 16. A process according to Claim 1, wherein the
plurality of inorganic oxides or a combination of one or more inorganic oxides with one or more
inorganic phosphates that are deposited from the alkali-soluble and acid-soluble sources collectively
comprise from about 0.2 percent to about 10 percent by weight of the pigment based on titanium
dioxide. 17 Y0 P8EEE S ccording to Claim 16, wherein the plurality ofingenicissides or a
combination of one or more inorganic oxides with one or more inorganic phosphates that are
deposited from the alkali-soluble and acid-soluble sources collectively comprise from about 0.5

percent to about 8 percenthy.weight-@f.the igment hased on titanium dioxide. 18. A process
according to Claim 17, wherein the pIuraéll;[ty of inorganic oixi%gsa r %“*Eé‘#\% lf?%:aatlcé%sglfugﬁ% BFmore

inorganic oxidespwiths bne ebanorerinorgeryio-plhnsphates 1hab 3re-depesiiadifrom; the alkali-soluble and
acid-soluble sources collectively comprise from about 1.0 percent to about 5 percent by weight of the

pigment based on titanidhP@rssidecording]to Gardde sdacoatding toSkalfriaicwhereindhe-weight ratio
of deposne?nos%(eig %gsxg from about 25 percent by weight up 1o about 40 percent of sulfuric acid.

13. A process according to Claim 1, wherein the titanium dioxide base pigment is
from about 5 percent up to about 65 percent by weight of the aqueous alkaline slury.

14, A process according to Claim 13, wherein the titanium dioxide base pigment is
from about 15 percent to about 45 percent by weight of the aqueous alkaline slurry.

15. A process according to Claim 14, wherein the titanivm dioxide base pigment is
from about 25 percent to about 40 percent by weight of the aqueous alkaline slurry.

16. A process according to Claim 1, wherein the plurality of inorganic oxides or a
combination of one or more inorganic oxides with one or more morganic phosphates that are
deposited from the alkali-solubie and acid-soluble sources collectively comprise from about 0.2
percent to about 10 percent by weight of the pigment based on titanium dioxide.

17. A process aceording to Claim 16, wherein the plurality of inorganic oxides or a
combination of one or more inorganic oxides with one or more inorganic phosphates that are
deposited from the alkali-soluble and acid-soluble sources collectively comprise from about 0.5
percent to about 8 percent by weight of the pigment based on titanium dioxide.

i8. A process according to Claim 17, wherein the plurality of inorganic oxides or a
combination of one or more inorganic oxides with one or more morganic phosphates that are
deposited from the alkali-soluble and acid-soluble sources collectively comprise from about 1.0

percent to about 5 percent by weight of the pigment based on titanium dioxide.

19 A process according to Claim 16, wherein the weight ratio of depoesited oxide(s)
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W02008/136946PCT/US2008/005394 and/or phosphate(s) from the alkali-soluble sources to the acid
soluble sources thereof is from about 30:1 to about 1:10. 20A process according to Claim 19, wherein
the weight ratio of deposited oxide(s) and/or phosphate(s) from the alkali-soluble sources to the acid
soluble sources thereof is from about 20:1 to about 1:1. 21. A process according to Claim 20,
wherein the weight ratio of deposited oxide(s) and/or phosphate(s) from the alkali-soluble sources to
the acid soluble sources thereof is from about 15:1 to about 2:1. 22. A process according to Claim
1, further comprf‘}gﬁ]iémgélﬁ%%ﬁing a wet treatment aluminum oxide onto th&&itdrsns/eigskide base
pigment, while maintaining a slurry pH between about 4 to about 8.5, after substantially completely
co-precipitating the mixed inorganic oxides and/or inorganic oxide and phosphate combination onto

the pigMentAOEOPHINBHARILRLE) the aik A3 MIOSESS oL MANUIACHKNG. A fital i igxide pigment
m

including a surface treatment whereby a plurality of inorganic oxides or a combination of ‘one or more
inorganic oxiges AWithioseorin@re inorganic phosphates are applied to a titanium dioxide base pigment
from a chloride process or from a sulfate process, comprising the steps of:

20 A process according to Claim 19, wherein the weight ratio of deposited oxide(s)
and/or phosphate(s) from the alkali-soluble sources to the acid soluble sources thereof is from
about 20:1 to about 1:1.

21. A process according to Claim 20, wherein the weight ratio of deposited oxide(s)
and/or phosphate(s) from the alkali-soluble sources to the acid soluble sources thereof is from
about 15:1 to about 2:1.

22. A process according to Claim 1, further comprising depositing a wet treatment
ajuminum oxide onto the titanium dioxide base pigment, while maintaining a slurry pH between
about 4 1o about 8.5, after substantially completely ce-precipitating the mixed inorganic oxides
and/or inorganic oxide and phosphate combination onto the pigment according to step c).

23. A process for manufacturing a titanium dioxide pigment including a surface
treatment whereby a plurality of inorganic oxides or a combination of one or more noTganic
oxides with one or more inorganic phosphates are applied to a titanium dioxide base pigment
from a chioride process or from a sulfate process, comprising the steps of:

a) dissolving at least one agueous acid-soluble source of an inorganic oxide and/or at
least one aqueous acid-soluble salt of a cation capable of forming a water-insoluble phosphate,
inie an aqueous sulfuric acid solution;

b) dissolving at ieast one alkali-soluble source of an inorganic oxide into an aqueous
alkaline solution; then

¢) gradually adding both said sulfuric acid solution and said aqueous alkaline solution to

an aqueous alkaline sturry of titanium dioxide base pigment from a sulfate or chloride process,
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a) dissolving at least one aqueous acid-soluble source of an inorganic oxide and/or at least one
agueous acid-soluble salt of a cation capable of forming a water-insoluble phosphate, into an aqueous
sulfuric acid solution; b) dissolving at least one alkali-soluble source of an inorganic oxide into an
aqueous alkaline solution; then c¢) gradually adding both said sulfuric acid solution and said
aqueous alkaline solution to an aqueous alkaline slurry of titanium dioxide base pigment from a sulfate
or chloride process, WO 2008/136946PCT/US2008/005394 the amounts added of these solutions
being such as to*aeRiEYE @ nal slurry pH value between about 4 up to ab@ui8Mosiooses

the amounts added of these solutions being such as to achieve a final slurry pH value berween

about 4 up to about 8.5.



