WO 2008/063326PCT/US2007/022059 IMPROVED PROCESS FOR
MANUFACTURING ZIRCONIA-TREATED TITANIUM DIOXIDE

PIGMENTS This invention relates to an improved method for
RABR43EHAg titanium dioxide pigments containing inorgani®ST&# /022059
treatments comprising zirconia_ The pi, tents of this invention are useful in
coatlngs in plastics and in paper. Inorganic pigments are used as
opagi{precandrs @mmmmmem G REORARINSE ATED

plast|cs and paper industiesiinoenesabtherelfeciiveness of the pigment
in such applications depends on how evenly the plgment can be

dispersed. For this reason, plgments are generally handled in the form of
a finely-bided PRE es. AAaHpXeW Ansndiederthe mastwisiede
used white pigment in commerce today due to its ability to confer high
pigmORsHyiap irpaaiedriate eadmnsfsRinapcindsaanesativdsRdladdaihes
form of a finely divided powder. However, titanium dioxide powders are
invernnhiesentie B stycanth ey el @dabihpapépowder flow characteristics,
especially during formulation, compounding, and manufacture of end-use
prigugisic\Wighe-fiearlasiigpevciersyvith inebstiprapertiescaitdRcluding the
obtained through known manufacturing practices, these powders usually
coatimpehibitsted uceichpagi iyi g prapBitieseral, (losthistardechdttic i methag sl
modification of titanium dioxide pigment surfaces have been developed to
applicativieéetiendd esilehbaleryalef pigmentanirciyrend d Rurchar acteristizsnents are
For instance, it is known in the art that the wetting and dispersing
genephydeniision tharfium diexitelpidividedpoarddncion pravadebyitendefiositianhe
of inorganic metal oxides and/or metal hydroxides onto the surface of a
most ity rmseioxidie irigseant diaternsursbededapodivced sfebidizam pheyfbyhilgk opacity
vapor phase oxidation of titanium tetrachloride. Processes and
whendpritiitad foetrdvsporohists identoiy drandiedimthetfanhlofidfnalp divided
well-known, see, for example, U.S. Patents 3,208,866, 3,512,219,
powdsr gHiowerer. 6iRoRIGH i@ eBdenare iherently dusty and frequently exhibit poor
2008/063326PCDUS2007/022059 wherein typically the titanium dioxide
powdgsBom chpsteirsisircesnasatydnaRe foBRueHOm gampeunding. mndmmmnufacture of
solid, agglomerated material which is then further processed in order to

-end-usg geaducisr WEHE J Bt JRID AR St v RReResisE 68 pRyobiaied through

agglomerated intermediate involves the following
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 the desired balance of pigment opacity and flow characteristics. For
instance, it is known in the ari that the wetting and dispersing properties of titanium dioxide
pigmenis can be improved by the deposition of inorganic metal oxides and/or metal hydroxides
onto the surface of a titanjum dioxide intermediate, such as produced, for example, by the vapor
phase oxidation of titanium tetrachloride.

Processes and apparatus for the vapor phase oxidation of titanium tetrachloride are well-

known, see, for example, U.S. Patents 3,208,866, 3,512,219, 5,840,112, 6,207,131 and 6,350,427,



Y

(1) dispersing the intermediate (or crude) material in an agueous medium
using a dispersing agent such as a polyphosphate, (2) wet milling the
resultingﬁslurry, (3) precipitating one or more inorganic oxides, for

‘g%ﬁ%& fika and/or alumina, onto the particle surfaces of tﬁgm%'ﬁg@ﬂsg

titanium dioxide slurry, (4) recovering the inorganic oxide-treated
titanium dioxide pigment from the aqueous slurry by filtration, (5)

whereitsfiintaiineHitereshprodestin remavedasidialeals R dmRENtesen leaving the
(6) drying the washed filtered product, and (7) dry-milling the dried

reactcR QRN WSHIE Aafiticheneigyildal white depestiehal IRoEaniGoxigesSe provide

according to step (3) provides some desired pigment end-use properties,
a finisied typigady alsenpeaiidesimproRementsdBhp fuphetPreeRESHIEAS 1hRrmediate
pigment. For example, silica is typically added to impart improved
involvesistdbliewinthie deleterious effects of ultraviolet light in pigmented
end-use applications, whereas alumina is typically added to ensure
sifipofispretessirg itteonghifitr ftorurddgingaasthflwid anergionillingdas using a
well as to impart improved dispersibility characteristics to the finished

disperpigpragatiswhdarspappicalions. More particularly with respect to the
present invention, it is also known in the art to chemically treat pigment

inférmesdiatibeg dred daubargelikantitanium dioxide, with zirconium

compounds, in order to further impart improved gloss and durability

pfopertapitatithe dheapr more inorganic oxides, for example silica and/or alumina, onto
the particle surfaces of the wet milled titanium dioxide slurry,

(4) recovering the inorganic oxide-treated titanium dioxide pigment from the équeous
sharry by filtration,

(5) washing the filtered product to remove residual salts and impurities,

(6) drying the washed filtered product, and

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

The deposition of inorganic oxides according to step (3) provides some desired pigment
end-use properties, and typically also provides improvements in the further processing of the
pigment. For example, silica is typically added to impart improved resistgnce to the deleterious
effects of ultraviolet light in pigmented end-use applications, whereas alumina is typically added
to ensure smooth processing through filtration, drying, and fluid energy milling, as well as to
impart improved dispersibility characteristics to the finished pigment in end-use applications.

More particularly with respect to the present invention, it is also known in the art io
chemically treat pigment intermediates, and in particular titanium diexide, with zirconium

compounds, in order to further impart improved gloss and durability properties to the final
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WO 2008/063326PCT/US2007/022059 pigment product. Given the high
efficiency with which zirconium compounds impart their known benefits, it
iS not surprising that many patents have been issued describing methods
Wt ?ﬁ?ﬁﬂ?gﬁ%@ pigments, including titanium dioxide, wherein z?r%%llﬁ%t"?gmzmsg
deposited onto the pigment surface. U.S. Patent No. 4,405,376, for
example, discloses a titanium dioxide pigment along with a process for
pigmd%&‘?ﬂﬂﬁlﬁ;t@ﬁﬂWﬁ%%ﬁ&%ﬁ@%%@ﬁﬂ'%&%ﬁﬁ@%ﬁ%@i%paﬁ their
and dispersibility and comprises a pigmentary titanium dioxide core
knowR®EHEISAR BNRY SeANeTthMOiNS PuidRs REHNREE ZieINRrBRE Mkthods for
outer coating of hydrous oxide of aluminum. U.S. Patent 4,450,012
improdiggloenseatRdiniediphase Htiedpioments Ravineg afirslceating.Qf @8 pipment
oxide or hydrated oxide of titanium, zirconium, tin or a mixture of these
surfacand a subsequent coating of an oxide or hydroxide of aluminum, which
pigments resist flocculation when formulated in lacquers hardened with
acig talysisio. 4,485 Ratent ol /dischisins tapigmeliddeyigsiag along with
~ zirconium-treated uncalcined kaolin clay, made by combining the clay with
a proesnadoeghsduce; ofhzirptumiam, iovhemderecongitondigdiydingheabsendslity and
of deleterious amounts of a binder and the presence of at least a sufficient
disperaibibity tanti therziniassiunpignsoamce tommnh divedh ewpticalichatacianaf @ating of
substrate containing the dry pigment. The preferred zirconium ion source
hydrois aridesriiiin zirdaiitomicarhod ateotiecpiginmesi s atewssefide nfpdowding.
smooth, opaque surface finishes on fibrous web substrates such as high
qubfityPprinting fapEidisclodgs SoRadent4 /5% 800 itapigps e phadagsfirst coating
the improvement of zirconia treated titanium dioxide pigments by a
of an pesletreatydenedbrrsinftitatitemivrncdivvidetpigmentigureafdbesridndn subsequent
aqueous titanium oxide chloride solution, and optionally, other
coatingxjefe 4bronily viatdiyduivisie et vésly hiements modudedcaletion when
said to exhibit improved weather resistance and WO

| formulrserbin dazpersdarisssbuittosed satdptisal properties. U.S. Patent

5,203,916 describes aentary titanium composite possessing good )
.S. Patent 4,640,716 claims a pigment comprising a zirconium-treated uncalcined kaolin

clay, made by combining the clay with an added source of zirconium ion under conditions
including the absence of deleterious amounts of a binder and the presence of at least a sufficient
amount of the zirconium ion source to enhance the optical character of a substrate containing the
dry pigment. The preferred zirconium ion source is ammonium zirconium carbonate. The
pigments are useful in providing smooth, opague surface finishes on fibrous web substrates such
as high quality printing papers.

U.S. Patent 4,759,800 teaches a process for the improvement of zirconia treated titanium
dioxide pigments by a post-treatment wherein the titanium dioxide pigment is treated with an
agueous titanium oxide chionde solution, and optionally, other oxide-forming water-soluble

metal saits. The pigments so produced are said to exhibit improved weather resistance and



durability and excellent optical properties, consisting essentially of a
particulate titanium dioxide base, a hydrous zirconium oxide layer
deposited on the titanium dioxide base, and a hydrous alumina layer
HEFBLHEHHA the hydrous zirconium oxide layer. The inventié’r?g@ézefgfﬂ%osg
the process for producing such a pigment. U.S. Patent 5,755,870
describes titanium dioxide-based composite aggregate pigments, also

Opﬁca%ﬁg}gggggsas chemically aggregated extender pigment composites,
produced through the aggregation of titanium dioxide and calcined clay

Withezinsgp Koy samplex eherpicais:y %i%ﬂ{ﬁ}hh&}ﬂ{h%' &PHhHRY8ng good

of 6.0 t}g%eé%ﬂ?ggg?ﬁ optical-prop%%gs are attributed to the pig'_rir’lents, &8

durabBHEGIRC-RIGMENEAR [RHpeMad framitie s kispand eatlaaiade ttabduh dioxide
Patent 5,814,143 discloses synthetic alkali metal silicate pigments _

base, SUFIRREnESRERALMI B RXYRVAIT8ROZIESO B IR SPRGIRE: FkBehadS I a hydrous
their manufacture. These compositions are said to provide improvements

alumiBY S5 R NBRERAR LAY BlSrallcodimsialsiisade RiIgHETHS IReim Ofiso claims the
optical properties, particularly in paper applications, and physical

procesy eReitiescpR ictHardmenbber applications. In addition, these
surface-modified pigments are indicated as useful extender or
replacement piyhensdextitani vndiexide odethaes\wihpiiiialkalirspetalpdgments,
clay aluminosilicate pigments. U.S. Patent 5,846,310 describes

also dipbdbiodlesilibemidiikide papictdsoritadesiggméftaronipteiBO) pivdccatabrough the
with titanium dioxide, ferric oxide, or zirconium dioxide particles with a size

aggregdtiesothambOrmdiviide vahteldipadtidies eiin Heaften dydtesyvetmpllangsemicals in
or further metal oxides. The products obtained are used for pigmenting

a shuppihssiggintipl irdgeptdstifsiani.coSipgs or ggistinpuEencagentsitivi@:d to the
2008/063326PCT/US2007/022059 U.S. Patent 5,976,237 discloses

pigmaitsaifierdbate grinotgemicpigmeé fitervilie god epdibasitrepedties,
dispersibility, and chemical stability in both paint and plastics applications,
whidh Patanieh éddipdiselestir syotuticgp bl et silsthtsapigmeniapregrce-modified
thereof deposited on said inorganic pigment prior to said pigment's

with qyaskiidgom suigbniwispers inp orsthads dpridietl masting wel e fompasaions are
group consisting of zirconia, stannic oxide, silica, titania, and cerium )

said 1QRIGIdeNEREFES I RRCIINpERaY svEhelitlindt Tk lisste Dignents in terms
pigment has passed through its isoelectTic point; and a final coating of | )

of optigahFePErdisb SRR GIRItE RRBCESRRHERIRRS oBYb ALY HEHPrg TS, particularly in
prefer_red_inor%%nic pigment is titanium dioxjde. . U.S. Patent 6,200,375

rubbere ARRMGE RS AAtHESRe i RS SHA RS R PiEfn BRSPS 87 Mgy useful
xterior paints. The aforementioned sutface treatment comprises a.layer
extendsy SrcERARTRTh BRI day ) ARRIC RN 27 A5RP P HARRG A gk o clay

al ,or cix hgdroxide, then a layer of co-precipitated phosphate and silica, and
WITHPE }g‘”ﬁ BB aluminum oxyhydroxide. These pigments are also

d rigaeéd ful in, plastics and paper.lamipates. . U.S. Patent
oS R e RSP HSRE Heb pme iig e of rom S o
igments with.improved gloss.and/or .durability comprising, alumi . .
300 B o el B S R it o e of
less ﬂ‘}gie 36 Rl tSCGE{éﬁS 19ne %Eeagf%g&#{%é%m %ﬁﬁ{gé: %%VMEF‘ %21 oxides.
and plastics. This patent also claims a method comprising wet treating
The pfSFWTBCIAAC LIS AN AENAR GOMPOHARIR (AR AAITING 1¥Ehes or os
followed sequentially by wét treatment with a zirconia compound to form a
sunscrélf@pigdayer, but nothing is taught as to the expected outcome. The
claiming of an outer zirconia layer is in sharp contrast with the other
references known to the inventors and describing the use of a zirconia
inorganic oxide treatment, wherein the deposition of zirconia has been
carried out as an intermediate step only and a final alumina treatment has
been applied in order to ensure the pigment's



WO 2008/063326PCT/US2007/022059 compatibility with modem
ingredients used in paints, plastics, and paper, for instance. U.S.

Patent Application 20060032402 relates to a weather resistant titanium

Wi %48/ G5itent with good optical properties, having a multi-ByElEg&fedss
silicon dioxide skin doped with metal ions selected from the group
comprising tin, zirconium, and titanium, wherein at least one of the two or

e e I B P L R opce
pro @si%géf@fﬁ%ﬁ?%&ﬁ%go%%ﬁﬁﬁﬁy m%&hpﬁﬁﬁ%&%l%@%fﬁcaﬁom which

20060034739 réfates to a method for the post-treatment of tithnium
pigmEiRXideeauling g weatheryesiaank ianmAliggde pioments Wilh.9e0don saig
optical properties, wherein together with the hydrous oxides of tin and
inorg@HEORHnalIastONgiatheraxide FAMIDQIIALR RMRERIAG AINANDUM, optional
silicon, and titanium is additionally precipitated onto the particle surface.
coatingRERBAIRSHPIEMNSRLIS RaAkicarts shiiahle ehdfeRRAINFCoRdNIESand cerium
and plastics. In those documents cited above where enough details
oxided@provideddafultydisgrRinihecondiiorsUndekndishe-Z KNigidsnent has passed
deposited onto a pigment surface, and with particular reference to titanium
througioxidiecpiemmenisithexieiiogs diaclgsel dypicalliaRstib e RiotedueSoating and
wherein zirconia is deposited under initially acidic pH conditions, as for
optictiabtaatesUThe Patental 4n40mdid @i dhia0iOdeinm208R16. 6,200,375;
6,656,261, and U.S. Patent Application Publication 20060034739, in order
toUekePhighadaniztfecohcammearcially-ayatd e atisdddite pigtientifioe in high
are typically soluble in water only under acidic conditions, and usually
qualiynpaetian paidseEpprimraritendiss cludste Tinemriteist Rotrpuiypisingstraby zirconium
zirconia deposition is largely prescribed at low pH. In the few cases where
hydrozideooia mdgtirendsds theaghtaasiodi tigeemm dg dokidede roalfatirexidgnbat a layer of
surface treatment conditions, for instance U.S. Patent 4,759,800, and U.S.
co-priviptsaiedApitivdiatm sdbiidisdoned (0elp324aRnel 20060084788 ydisxdst. These
clear that any advantage accrues from the addition of the preferred acidic
pigmesstareklapcisanibeihts veslailicaliplastieandarpenlarneiesnt  Given the
extensive prior art relating to the known benefits imparted by deposited
zikbOn Batentifa®i0rf0di Sd despiieronitastaniia e spitetcairen & uHaHexedfaptements
.. previously documented relating to the development of improved zirconia
with %‘?r‘f?@r%ﬁ%é@%ég%bﬂﬁ% ARS8l mie RIS ORiRHEA ARSI W hasphate
are continually being sought, especially given the high raw material cost of
compgiRbinfith BRERME AT GEREISIE RSN of beer RigratR e et tices
re processes for the manufacture of zirconia-treated pigments described
manuipERiE QR ANLiBIEY the R ARTAbRS A AR  Comaties GRTERIGSRE WR iasating
... invention, detajls of which are provided below. Summary, of Inyention
titani i CO IR Y SR 2 P R DR R A B B TR HRE
dte Ps%g’on of zirconia onto a titanjum dioxidg in§ermediate, .\Njerein the . |
Seque A s ot o E AP T L A o RS R R A B r R SaYST i Rg tiing 1s
titanittrEl[t]c dioxic%gdfgte%r caléeligterlmediate In a further embodimen

t, the
R TTo S SR oVl E T 80 R TR B P A R LR HRE=s

with t@% gge‘fi"qgﬂr%ggeg Hﬁ%%%ttg%%quféﬁ%soafna%gsgﬂﬁg g i\!}seé & ng %x(ggn?ar ?ns'(%garﬁc
oxide treatment, wherein the deposition of zirconia has been carried out as an intermediate step

only and a final alumina treatment has been applied in order 1o ensure the pigment’s



In one aspect, there is provided a process for manufacturing

zirconia-treated dioxide comprising the steps of: (a) forming a xture
comprising a titanium dioxide material in water; (b) wet milling said
Wihae63326 (c) after step (b), optionally depositing on said vwetivniimsd /022059
titanium dioxide material one or more inorganic oxides selected from the
group consisting of the oxides of aluminum boron, cerium,phosphorus,

con, t| titaRium and ZII‘ on|u djustin of the slurry
compa%lb modern n?s a!a%%cs, é%gﬁ'gﬁg °1, Tor st 5 in

ESU rom scf'eps O a value between

ofsler E9a{e°fc 2528l tE@B%éHﬁ%ﬁ' 'g}; 3] e byétege Uy dioxide

dioxide ma erl |s sufficientl occula e recovere y vacuum or

pigmel] AT BH%@Q@ pro ES%P*-: }Ea%i%[% () (Rmaving:spid itanium 'S%é 3 skm doped

materl rom i/vac m or pressure filtration;

with r7b&P i()%)s %&%@H %3@%%%&1@09&&%&%? Qﬁ‘%ﬁﬁ%%ﬁ&l M!H}%t{%erem at least

one of the two or more dense silicon dioxide layers does not contain any significant quantity of
metal atoms other than silicon. The pigment is particularly suitable for use in surface coatings
and plastics.

U.S. Patent Application 20060034739 relates to a method for the post-ireatment of
titamium dioxide resulting in weather-resistant titanium dioxide pigments with good optical
properties, wherein together with the hydrous oxides of tin and zirconium, at least one other
oxide from the group comprising aluminum, silicon, and titanium is additionally precipitated
onto the particle surface. The resulting pigment is particularly suitable for use in paints, coatings,
and plastics.

In those documents cited above where enough details are provided to fully discern the
conditions under which zirconia is deposited onto a pigment swiface, and with partiéuia.r
reference to titanium dioxide pigments, the methods disclosed typically describe procedures
wherein zirconia is deposited under initially acidic pH conditions, as for instance U.S, Patents
4,403,376, 4,450,012; 5,203,916; 6,200,375; 6,656,261, and U.S. Patent Application Publication
20060034739, in order to take full advantage of commercially available salts of zirconium,
which are typically soluble in water only under acidic conditions, and usually impart an acid
response when dissolved. Thus it is not surprising that zirconia dapositioﬁ is largely prescribed at
low pH. In the few cases where zirconia treatment is taught as being carried out under alkaline

pigment surface treatment conditions, for instance U.S. Patent 4,759,800, and U.S. Patent



(g) after step (f), converting said washed titanium dioxide material to a
preferably high solids fluid dispersion via addition of one or more alkaline
water-soluble zirconium reagents selected from ammonium zirconyl
carbonate and the water-soluble ammonium zirconyl carboxylates, and
mixtures of these; (h) after step (g), drying the dispersion to yield a dry
zirconia surface treated titanium dioxide pigment powder.  The pigment

Applieauenmax:besoptonahobeRemoameesso tin A S rRi Wk indhs.
presence or absence of additional functional additives known to the art, to

accroéalivn YiRld Rigioh iriahed piame Rt Bro it dhatde el Sifed f8Gtine weatment
incorporation into coatings, in paper or in plastics as desired. In

envir@@Reral, any type of titanium dioxide material can be processed in
accordance with the instant invention. Preferred is rutile titanium dioxide

matestathdMestniotaire if lleBtanioddevhis h-has BN deposited

produced from titanium tetrachloride using a vapor phase oxidation step.

zircorli® HiaRium disiilepateriakaa alsR:coriaiRark aNOLTIPhRKIBYNS. d 8 hented
aluminum chloride which has been conventionally added as a rutilization
relatigidocttie dgviiepviapo b Phasewddation stepralengwibibertianiuiom dioxide
tetrachloride. Other inorganic oxides formed during the oxidation step may
pigmdns plietdentapuelintatheexdems ey bkitiedongineeapbenaly wisth e high raw
incorporate other OX|d|zabIe inorganic materials in the oxidation step as
materfahsdseefriteschibe chomiuggetentasdwhare JOtheaiaemauipasb&fttices are
example, particle size control; see, for instance, U.S. Patents 3,856,929,
processd©i2008/068326RE THIUE2007/02265 BibuRiits 948 rih@PRE Z0vendd anticipate the
6,562,314. Preferably, other than such "burned-in" inorganic oxides, the
advantiges aphidiodidecorfimptol the énbeeni treatiohyvitethd vihohganiproxidesbelow.
prior to being so treated according to the process of the present invention.
The system used in the wet milling step of the inventive method can be a
diskeyppuayithioryartiage-type agitator, or generally any other type of wet
milling system commonly used in the art. The milling media employed can
beldardegiaisdi sdadse aluming Seadsydegenerally popaster dondamsiyion of
~used milling media. The individual grains, particles, or beads of the milling
zircopneinaliipeferabiyide detssaedinn thkeatuéotdoslontyonsedtin fardeingkaline
the titanium dioxide dispersion. Following the wet milling step,
condifignganitindhsinyresrdgivnaltytisenappkieedidel izt ey oftthe dhiawrin a
processes to effect deposition of inorganic oxides onto the titanium
furthesigribed Mvatp drecutaeihdisppicexibe papplietaarioltievadanndodfiteimrying
application are not critical, and various possibilities are well known to
out thphsedstdiied mirdiaicictumndythatail ondthigaspebitis ndtriecessaryalBy.
way of example of known inorganic oxide treatment protocols, for plastics
eideneagsplichions DTS idRdien 53304 88amd SuTi0g, 3Te dedoritel dioxide
inorganic treatment protocols, as do U. S. Patents 5,203,916 and
COlnPB@‘?ﬁfQS?if‘@ﬁ@cﬁatlngs end use applications. The pH of the titanium
dioxide dispersion is then adjusted to cause the titanium dioxide material
torldetuiate? preferasynarsuicidiirampuhe vilamatiddibaseeis added to
the dispersion during this step to bring the pH of the dispersion to a value
itPthE FamgEng sfodTB 1818 Most preferably, the pH of the dispersion is
adjusted during this step to a value of at least 5.5 up to 8.




The flocculated titanium dioxide is then filtered using a vacuum-type
filtration system or a pressure-type filtration system and is washed. At this
point, the washed normally solid or semi- WO
2008/063326PCT/US2007/022059 solid titanium dioxide material, typically
having a titanium dioxide solids content of 40 percent to 70 percent by ]
weight and a Brookfield viscosity of more than 10,000 cps, is converted to
a flujcelisPEsiop) Vishtna direatpeidition of anequeaus solutignRef #iskide material
alkaline water-soluble zirconium reagent, and/or additional water, with
oneMiinge ihQpaembodimnant the semiusolish materakim cQTvREedi e Poltdidminum,
dispersion without substantial dilution of the titanium dioxide material with
bor@fdditional walessuch dinat the titanium.digdde-salids,content is preferably
at least 50 percent, more preferably being at least 55 percent and most
preferablyheingableast 60 pricentskiaierably, hevissasity pldhe sl between
characterized by these high solids levels will be less than 1000 cps. More
abowrefesablyihe: Wscasityief toesbuciiandllsbel lessthan H0QiepsnanrdNestcreby the
preferably less than 100 cps. The alkaline water-soluble zirconium
titarRag aiidkiselaatad from ammonium nrconyl carbonate and the
water-soluble ammonium zirconyl carboxylates (or mixtures of the
foregoing, if desired), exemplary water-soluble ammonium zirconyl
carboxylates comprising ammonium 7irconyl acetate and ammonium
zirconyl formate, and is preferably added as a pre-dissolved solution of
said reagent in water at concentrations between 20% and 50%, by weight
of solution, of zirconium reagent. Preferably, the amount of water-soluble
zirconium reagent used represents between 0.05% and 1.5%, by weight
of finished pigment, of deposited zirconia, and most preferably
representing between 0.1% and 0.5%, by weight of finished pigment, of
deposited zirconia. Under these preferred conditions, it is usually possible
to achieve an optimum balance of pigment properties together with
fluidization of the pigment filter cake intermediate requiring minimum
amounts of additional water. The resulting aqueous dispersion of
titanium dioxide is then dried using any of the procedures known in the art,
including vacuum drying, spin-flash drying, or spray drying to WO
2008/063326PCT/US2007/022059 produce a dry titanium dioxide pigment
powder. The preferred method is spray drying. The dry product thus
produced can be conventionally milled or ground to a desired final particle
size distribution using, for example, steam micronization in the presence
or absence of additional functional additives as known in the art. The
titanium dioxide pigment powder produced by the process of the present
invention is especially suited for use in coatings, cosmetics, and in
thermoplastics.
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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 1 and Comparative Example
1 Particulate titanium dioxide pigment intermediate obtained from the
vapor phase oxidation of titanium tetrachloride containing 1.0% alumina in
is suifScieyshaline-tasticbioas dispersédinwatemninithe:preschicend. 15% by
weight (based on pigment) of sodium hexametaphosphate dispersant,
algn gtiwith seputficiennamognt atisadivirhydiexidte toaadjustibepdidf theture by
dispersion to at least 9.5, to achieve an aqueous dispersion with a solids
vacuoantentrefsghdbi lyativeight. The resulting titanium dioxide slurry was sand
milled, using a zircon sand-topigment weight ratio of 4 to I, until a volume
. avéragepactide sizehias achigwediwhigseidcenarethare00%red thefiltration;
particles were smaller than 0.63 microns, as determined utilizing a
M'%ﬁojf@? F40eP asticle iz e alyapu(Mishotpg datadMontaamery WHeerably high
PA). The resulting slurry, diluted to 30% solids by weight, was heated
solidd F18RCHBaRsteated WilhidP¥ slicar Galeylalrdiby waighbafifediaahivm reagents
pigment, added over 20 minutes in the form of a 250 gram/liter aqueous
selec®QdEHRSIlisAS SO MNazhiVhie raaintainingthisidempataiure alirconyl
90C, the pH of the slurry was slowly, over a period of 55 minutes,
carbofifRreased ehaiies 36aEH3326PCT/US2007/022059 5.0 using 25% by
weight aqueous sulfuric acid solution. Following a digestion period of 15
MY e %RY0(aly dirtag it dighisedrinakpgmedly wesaddaeafavetrdded fitanium
minutes as a 357 gram/liter aqueous sodium almninate solution while
dioxideqligiauing theepH of the slurry between 8.0 and 8 5 via the addition of
25% aqueous sulfuric acid. The dispersion was allowed to equilibrate
atBeGiondt poindtesnat thbichppoialitheepidiptioecstad ynvaciuied -adjigstedi! in the
to 5.8, prior to filtration while hot. The resulting filter cake was washed with
presemvater whsioivhad oknoped femtednd 60dHians presadiostedart aopkhalyr kld a dry
in an amount equal to the weight of recovered pigment. The washed
finished pigssiid filvéncaket wasdlibseguonincoepoispersee reatiags Witaper or in plastics
agitation, in the presence of 0.50% by weight based on pigment, of a 45%
as degiedyeight aqueous solution of ammonium zirconyl carbonate (20% active
zirconia equivalent), representing 0.1% by weight of finished pigment of
ddpgshedizaen fiiae f ek wnieite MrsHad s REOpEsRMHg accordance with the
approximately 57% by weight of pigment. The resulting pigment
instangjspeniion Weeespsehis aHile témiandpiaere s SHsy mefayedijautile titanium
__(Invensys APV Sillceborg, Denmark), maintaining a dryer inlet L
dioxi émb%ha@@@?rbwm%ﬁgaﬁew BRI dojrablarda isiBRTE RS RBRSE cpfidation step.
dry pigment powder, was then steam micronized in the presence of 0.35% .
The tignifEigHEHLE SRR G AEO CHTAR SRR BHR e ot rare @igmipgm chloride

pigment weight ratio_of 2.5, with a steam injector pressure set at 146 psi
164

whichafies RAERGTZETTING R 2407 Sob AYHIR, WA hplen braninEiEg oxidation step
slon S S AR R PO T S ORI SRR PRapdon stp

ium zircanyl carbonat ta the washed semi-solid filter
may BORETHb Bl RS AR BRIy EPhoRate TRt RAFRg R e

oxidizfa%cl%u %?‘ g}!ytlg]ntg;ig%eig %@Iégf?clgigg es{e%aalﬁiagobggr?/aebs}(.r%gépgg s(ggﬁgs!{g& Ahewhere
walter, Ir-order to acnieve sutticien

for various purposes, for example, particle size control; see, for instance, U.S. Patents 3,856,929,



WO 2008/063326PCT/US2007/022059 fluidity for spray drying, in turn

resulting in a correspondingly longer cycle-time and higher energy costs.

To confirm the successful incorporation of the zirconium reagent, the

YRR eHAtent of the pigment produced according to the inb&Er{kAZ807/022058

example was determined via known X-ray fluorescence techniques

utilizing a PANalytical PW2404 Spectrometer (PANalytical B. V. Almelo,
5,201998, "i&}fﬂ%‘@xﬁ 6"9@1 3PRIOPHARE Ao MR SIRAIBERANE MM Fbhnic oxides,

corrections. eIp determine the degree of uniformity of

the tiRGRERARNIAR %ED%&%'%&'EE&EEQ QRAOTARY ALIDER 0EeS FribiCio being so
instant invention, pigment photocatalytic activity was determined utilizing

treateg‘&:éﬁﬁﬁﬂ H%%\ﬁ’%@%@@ﬁg%sbn@ﬁ@wﬁi?&gge and J. R. Brand,

"Photocatalytic Activity of TitRnium Dioxide Pigment", Surface Coatings

AusigaliaieaeRiembetkodl: Ragss Grdl dpaperweratad abied2nda disk-type
Annual SCAA Convention, Perth, Wash., September 1990), as referenced

agitatdfG @@g&ﬁﬁﬁ%ﬁ%ﬂer,smpgéﬁé}&@ﬂ&@,%%@ bivetyesithe siepsOEotihonly used
placing 0.2 g of the TiO2 product in 40 ml of spectroscopic-grade

in thelg@PTORAMNIENZMeXRCEHLING 146 B/ iSRRIORADOLEOIosIlAEad|thapdptedily any
light; (3) monitoring the formation of acetone in the test composition over

other Al feeimiingg bydinear ke drassigniapaiys)sadinenrooteat of the milling
acetone formation in the test composition; and (5) multiplying the

medicalilulpteferible valdenby ahtactte afila0n. slurml hesdebuldngivalde: (tepmtediioxide
as High Sensitivity Photocatalytic Activity (or HSPCA) slope) is

dispepioportional to the photocatalytic response of the pigment upon exposure
to ultraviolet light, and provides a measure of accelerated weathering
péidtnwancthofth enfigrp ettppochgeti Senatfer svau optinohateegnmaied, utilizing any
suppression of inherent titanium dioxide pigment photocatalytic activity

of therésoitngrorssthacetfitiendeneditmifofninirgenporaiitn ofizirtenizaomio thexide. The

_pigment surface. Results are provided in Table 1 for the inventive example

particietudiongariic onides sappbicdvod 008 /08882 6F O §2007BR2OG Mot critical, and
ammonium zirconyl carbonate reagent and for the comparative example

variousriresibitiéesiase walilmenys fdhoseskilies am tmgmearn Rirbonite@dnteits aspect is
and Photocatalytic Activity Value

not necessary. By way of example of known inorganic oxide treatment protocols, for plastics

end-use applications U. S. Patents 5,332,433 and 5,700,318 .describe inorganic treatment
protocols, as do U. S. Patents 5,203,916 and 5,976,237 for coatings end use applications.

The pH of the titanium dioxide dispersion is then adjusted to cause the titanium dioxide
material to flocculate, Preferably, a sufficient amount of an acid or base is added to the
dispersion during this step to bring the pH of the dispersion to a value in the range of from 5 10 9.
Most preferably, the pH of the dispersion is adjusted during this step to & value of at least 5.5 up
to 8.

The floccuiated titanium dioxide is then filtered using a vacuum-type filtration system or

a pressure-type filtration system and is washed. At this point, the washed normally solid or semi-



Pigment Sample Measured Zirconia content (wt. %) HSPCA slope
Example 1 0.10 1.1 Comparative Example 1 none 2.5

WO Z008/063326 PCT/US2007/022059

solid titanium dioxide material, typically having a titanium dioxide solids content of 40 percent
10 70 percent by weight and a Brookfield viscosity of more than 10,000 cps, is converted to a
fluid dispersion via the direct addition of an agueous solution of the alkaline water-soiuble
zirconitm reagent, and/or additional water, with mixing. In one embodiment, the semi-solid
material is converted to a fluid dispersion without substantial dilution of the titanium dioxide
material with additional water, such that the titaniom dsoxide solids content is preferably at least
50 percent, more preferably being at least 55 percent and most preferably being at least 60
percent. Preferably, the viscosity of the slurry characterized by these high solids levels will be
less than 1000 cps. More preferably the viscosity of the slurry will be less than 500 cps, and most
preferably less than 100 cps.

The alkaline water-soluble zirconium reagent is selected from ammonium zirconyl
carbonate and the water-soluble ammonium zirconyl carboxylates (or mixtures of the foregoing,
if desired), exemplary water-soluble ammonium zirconyl carboxylates comprising ammonium
zirconyl acetate and ammonium zirconyl formate, and is preferably added as a pre-dissolved
solution of said reagent in water at concentrations between 20% and 50%, by weight of solution,
of zirconium reagent. Preferably, the amount of water-soluble zirconium reagent used represents
between 0.05% and 1.3%, by weight of finished pigrnent,- of deposited zirconia, and most
preferably representing between 0.1% and 0.5%, by weight of finished pigment, of deposited
zirconia. Under these preferred conditions, it is usually possible to achie\‘re an optimum balance
of pigment properties together with fluidization of the pigment filter cake intermediate requiring
minimurn amounts of additional water. |

The resulting aqueous dispersion of titanium dioxide is then dried using any of the

procedures known in the art, including vacuum drying, spin-flash drying, or spray drying to

10



The detailed description and data provided above clearly illustrate the

novel process of the instant invention versus processes of the prior art,
wherein according to the inventive process zirconia is deposited onto a
Wamee@ikide pigment while also drying the pigment, the pR§iHigiseoe7/022659
having had deposited thereon, in two previous sequential steps, inorganic
oxide surface treatments of 3.0% silica and 2.0% alumina (both by weight

T T S L
o R DS SO S SRR T i
o B0 3 21 P ARBETBISMAGE DHER T o

Mcﬁ%f%iBm%Hﬁ@ﬁm%.Obtained from the vapor phase oxidation of

titanium tetrachloride containing 1.0% burned-in alumina was dispersed in

weie rti-&ﬂlﬁxp&%ﬁ@@ﬁé%ngnl Py WIS P35 8RR RIGING IS SO Mvention is

hexarnetaphosphate dispersant, along with a sufficient amount of sodium

especMJQXAL A BlUF ISR ofdheRiSRarBIanaabisasLe-S. to achieve an

aqueous dispersion with a solids content of 35% by weight. The resulting
t'%%i%@%ﬁﬁ?ﬁéé"@ﬁré@@ crniied M@W@MW&: invention
weight ratio of 4 to [, until a volume average particle size was achieved
withoWth@teiinerednam90%h Qbibe PaHIClesWerer W invention as disclosed herein.
2008/063326PCT/US2007/022059 smaller than 0.63 microns, as
ConcH@RISINA Wilizingadicr i ae O R igieSike Amalyger.  The
resulting slurry, diluted to 30% solids by weight, was heated to 90C then
treated with.addo silisaticalcwiaisd on the weight of final pigment, added
over 20 minutes in the form of a 250 gram/liter agueous sodium silicate
solrtionl{{zi02iNaA (oWl i gaaint Sning difatesbpeted reratiR0Gp g iideof
the slurry was slowly, over a period of 55 minutes, decreased to 5.0 using
oxida@5Pofntansightemegeidotidestifitainiag itl (56| uhionink Gl dwingsaltligektitre pekod
of 15 minutes, 2.0% alumina, by weight of final pigment, was added over
disperdd&l mnimates iim theepfesencefcd B57%¢ tarm/iitehta@aswais sogtivemt add suidiate
solution, while maintaining the pH of the slurry between a value of 8.0 and
hexangBphiestihetadeitienant, 2%z avjteassfSaltutieraciolt of soiherdizdersidn twagiust the
allowed to equilibrate at 90C for 15 minutes, at which point the pH of the
pH of sheriispeasi e ladjucasti%g . Sogchioe mnfigeaion dibprssiot Withearesidsingnfitisrof
cake was washed with water which had been preheated to 60C and
35% Yyrecighustéa resaling Stapiomdignidesbuny sqyannd midluleigingt ricovepad-to-
_ pigment.  The washed semi-solid filter cake was subsequently
pigmeps el ipf 4 Faihimtieaiolome BRIRatcP It B ien aghis Yedyeberein more
resence of 1.0%, by weight based on pigment, of a 45% by weight
than 990 pidhe %ﬁh@#@ﬁWaﬁmagﬁm’mﬂéé@r%amoﬁ%%tfm@&a}@%@owﬁwm
equivalent), representing 0.2% by weight of finished pigment of deposited

X100 ?%Wa§‘¥6 ﬁ%ﬂ’f*’ éefi@mwa‘?&?&ié‘@f}wr%mﬁ%s@pproximately 62% _
s T AL s A
ith 3?{}1 ratuyrgl of ag{g;oximaﬁ%glg@%%ield a dra/ %?merggoowder. ,ng
with 3 g S AR P HE B RETIbAIFhE AL IR 5f s form of
b ight based on, pi t of trimeth tilizi t t
1250 BRtREPLASSEd sopanen e ia prossiewIERA R SEaE
tcmpel%ﬂg'er%céagﬁz,%g @oq Bf %%Hﬁ?rﬁ%a%ts%&\glﬁ%v%%n CI%EH %ft Qg zgx@ﬁ%tt]c%?decrcased to

pigment preparation.
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WO 2008/063326PCT/US2007/022059 As a comparative example,
the same procedure described above was repeated, but in the absence of

v%e a(%%ition of the ammonium zirconyl carbonate reagent to the washed S50
Sededhdr Hiter cake. The omission of the ammonium zirconﬁ%@?fﬁf@z

reagent led to a required dilution of the semi-solid filter cake to 35% by
weight in water in order to achieve sufficient fluidity for spray drying, in
5.0 ustogr? Sebiting jhngosses polfditolyi bageiey deittiengnditioRn RO 15
costs. The pigment produced according to the inventive example was
minuttestdifehitsizittgniaphntdifims sigsabedandiaimple 15 aﬁﬁd@@hﬁ@%?
inventive and comparison pigments were tested for photocatalytic activity,
gram/Bigaiyedeselibedinshxampiatidr estilts rasenpriaiideskipiT able- 21k able@veen
Pigment Zirconia Content and Photocatalytic Activity Value Pigment
8.0 ang&rhple teadlited Ziitthiacententlfuti@arRSPCA slope Example 2 0.20

The dispersion was allowed to equilibrate at 90°C for 15 minutes, at which point the pH
of the slurry was re-adjusted to 5.8, prior to filtration while hot. The resulting filter cake was
washed with water which had been preheated to 60°C and pre-adjusted to a pH of 7.0, in an
amount equal to the weight of recovered pigment.

The washed semi-solid filter cake was subsequently re-dispersed in water with agitation,
in the presence of 0.50% by weight based on pigment, of a 45% by weight agueous solution of
ammonium zirconyl carbonate (20% active zirconia equivalent), representing 0.1% by weight of
finished pigment of deposited zirconia, to yield a titanium dioxide slurry containing
approximately 57% by weight of pigment. The resuliing pigment dispersion was spray dried
using an APV Nordic PSD52 Spray Dryer (Invensys APV Silkeborg, Denmark), 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 2.5, with a steam injector
pressure set at 146 psi and micronizer ring pressure set at 118 psi, completing the finished
pigment preparatior.

As a comparative example, the same procedure described above was repeated, but in the
absence of the addition of the ammonium zirconyl carbonate reagent to the washed semi-solid

filter cake. The omission of the ammonium zirconyl carbonate reagent led to a required dilution

of the semi-solid filter cake, to 35% by weight of solids in water, in order to achieve sufficient

e
2



0.9 Comparative Example 2 none 2.4 Example 2 further illustrates the
novel process of the instant invention, wherein zirconia is deposited onto a
‘Jg%io%m %i%xide pigment in the process of also drying the piggmenTt the
pigment in question having had deposited thereon, in two pr gi'g&ézﬂmmzﬂsg
sequential steps, inorganic oxide surface treatments of 3.0% silica and
2.0% alumina (both by weight of the pigment). Improved manufacturing
fluiditgtiieignay dsyaghieyach onghdhe combiphginkihecziseonialtraaimentagickr
drying steps, as well as from the shortened drying times and reduced
energyamatgy consumption. The resulting titanium dioxide pigment would be
particularly useful in the production of end-use articles and compositions
includidgpléstosandicoatingsradi@ 2008063326 23#2dS2R0TOR2ODE ent of
Example 3 and Comparative Example 3 Particulate titanium dioxide
tetrachloride containing 1.0% burned-in alumina was dispersed in water in
fluoresprner tssbnipief @ilisetn Rndightidzh $dd24AdTgrenthek:s iUkl yiical B. V.
hexametaphosphate dispersant, along with a sufficient amount of sodium
Almelpy s higtd aditisviiie anrroptises daipension tostiniads 908 rotasitievestons.
agueous dispersion with a solids content of 35A by weight. The resulting
titdhigH GBS berJ auEes sanaiininel) dsinepeeirton shfig-tenoigirbrirconia
weight ratio of 4 to 1, until a volume average particle size was achieved
accordjgdfeibe ForEthahtbo B BRin B Vs A RElc st BheiorataliAls eceSimivrsdstermined

... .as determined utilizing a Microtrac X100 Particle Size Analyzer.
utilizing the technique documented in T. I. Brownbridge and J. R. Brand, “Photocatalytic

Activity of Titanium Dioxide Pigment”, Surface Coatings Australia, September 1990, pages 6-
11 (paper presented at the 32nd Annual SCAA Convention, Perth, Wash., September 1990), as
referenced and described in U. S. Patent 5,730,796. This involves the steps of: (1) placing 0.2 g
of the Ti0; product in 40 ml of spectroscopic-grade isopropanol; (2) exposing the TiO,
/isopropanol composition to ultra-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 (or HSPCA)
slope) is proportional to the photocatalytic response of the pigment upon exposure to ultraviolet
light, and provides a measure of accelerated weathering performance of the pigment product.
Smaller vaiues indicate greater suppression of inherent titanium dioxide pigment photocatalytic -
activity resulting from the efficient and uniform incorporation of zirconia onto the pigment

surface. Results are provided in Table 1 for the inventive example including zirconia via the

i3



The resulting slurry, diluted to 30% solids by weight, was heated to 90C
then treated with 3.0% silica, calculated on the weight of the final pigment,
added over 20 minutes in the form of a 250 gram/liter aqueous sodium
Vi A4S ARion (Si02:Na20). While maintaining the temperaftir& Gt 987022059

the pH of the slurry was over a 55 minute period slowly decreased to a
value of 5.0, using 25% by weight aqueous sulfuric acid solution.

ammokile wigryidigesiiet parjesh ahd oriiempd: A0 ARING Bwalghtafent with
final pigment, was added over 15 minutes as a 357 gram/liter aqueous

this maeeialm aluminate solution while maintaining the pH of the slurry between
a value of 8.0 and 8.5 via the concomitant addition of 25% aqueous
sulfuric acid. The dispersion wastadowed to equilibrate at 90C for 15
minutes, at which point the p1-1 of the slurry was re-adjusted to 5.8, prior
to filtration Wpitesicliréhea Caulitngahiie oakanslas svashdd, Wishwvater
which had been preheated to 60C and pre-adjusted to a pH of 7.0, in an

afgoeteBamblo the welbfehafreddlivenad gigmasnivt. Y%o)The wastBRT A siope

semitsatidifilier cake was subsequentlyife-dispersed with agitation iri the

Coresence Biaihfle, by weight based onopigment, of a 45% by weight .3

agueous solution of WO 2008/063326PCT/US2007/022059 ammonium
zirconyl carbonate (20% active zirconia equivalent), representing 0 5% by
weightetdifedishedipigmend didepodied stiveeniaatly yiridraiditho nuvetiipyides of
slurry containing approximately 63% by weight of pigment. The resulting

the mpigmentmdispersion wasesiayf drigelinsiry ahoAddy MNendie PiS BEArSphdye process
Dryer, maintaining a dryer inlet temperature of approximately 280C, to

zirconyadioklapasytqsl gumierat iewnider dibhele pigrigmevitipoiciairyiag fiepisteamthe pigment
micronized in the presence of 035% by weight based on pigment of

havingrharbdepisiiscobareenutilipivppae steeremy pigal stepweight meit ool Syivith a
steam injector pressure set at 146 psi and micronizer ring pressure set at

treatments g5 LYrabietinpth & Yrabrampibatie bt prejshiadehe pigmeath improved
comparative example, the same procedure described above was

manufaeing §finienastieaabisaat dharas the anmerisne el finaiosRimtsrEag and drying
carbonate reagent to the washed semi-solid filter cake. A dilution was

steps, aS Yt Somdtseihodenks firsing diracmandsecinndmranes eonmpRiion Bipsesulting

. .b eigHFt in water, in grder to, achieve sufficient fluidity for spray drying,
titaniugh ChGRIhe BrETVERL E o Rorgs e iR dndia PropRATeR iR getgriicles and

The gi%mi%%%juced %/ the inventive example was tested for zirconia
COmPOHPARt: ASHRS TI4APHRE the inventive example and comparative
ST AT R S e provided in Table 3. Table 3 Pigment
Ziraci%%@a%gc%%r%n 10?(9%8%%%'%@&@%2’ 1%::\:/ gtl)%aemed from the vapor phase

oxidation of titanium tetrachloride containing 1.0% burned-in 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 at least
9.5, to achieve an aqueous 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
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Pigment Sample Measured Zirconia content (wt. %) HSPCA slope
Example 3 0.50 0.7 Comparative Example 3 none 2.4

WO 2008/663326 PCT/US2007/022059

smaller than .63 microns, as determined utilizing a Microtrac X100 Particle Size Analyzer.

The resulting shurry, diluted to 30% solids by weight, was heated to 90°C then treated
with 3,0% silica, calculated on the weight of final pigment, added over 20 minutes in the form of
a 250 gram/liter équeous sodium silicate solution (8i0:Nay0). While maintaining the
temperature at 30°C, the pH of the shurry was slowly, over a period of 55 minutes, decreased to
5.0 using 25% by weight aqueous sulfuric acid solution. Following a digestion period of 15
minutes, 2.0% alumina, by weight of final pigment, was added over 15 minutes in the form of a
357 gram/liter aqueous sodium aluminate solution, while maintaining the pH of the slurry
between a value of 8.0 and 8.5 via the addition of 25% aqueous sulfuric acid.

The dispersion was allowed to equilibrate at 90°C for |5 minuies, at which point the pH
of the slurry was re-adjusted to 5.8, prior to filtration while hot. The resulting filter cake was
washed with water which had been preheated to 60°C and pre-adjusted to a pH of 7.0, in an
amount equal to the weight of recovered pigment.

The washed semi-solid filter cake was subsequently re-dispersed in a minimum amount
of water with agitation and in the presence of 1.0%, by weight based on pigment, of a 45% by
weight aqueous solution of ammonium zircony! carbonate (20% active zirconia equivalent),
representing 0.2% by weight of finished pigment of deposited zirconia, to yield a titanium
dioxide slurry containing approximately 62% by weight of pigment. The resulting pigment
dispersion was spray 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 sef at

146 psi and micronizer ring pressure set at 118 psi, completing the finished pigment preparation.
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Example 3 still further illustrates the novel process of the instant invention,
wherein zirconia is deposited onto a titanium dioxide pigment in the
%8883 %1 grylng the pigment, the pigment in question havmlgchad
eposﬂe %hereon in two previous sequential steps, inorganic W

2008/063326PCUUS2007/022059 oxide surface treatments of 3.0% silica
and 2.0% alumina (both by weight of the pigment). Improved
nferritactpanayvefticiendy, ibashieveddbdongiethdbed nthiningaefrépeartd Gnidn the
treatment and drying steps, as well as from the shortened drying times

absencarf tedaddtdoandryy sonsunustieitcdine ceduiting titariin dioxidehpitsemmtsoiid
would be particularly useful in the production of end-use articles and

filter cgbenpbsitimssiprchidnguplastivsandcoogticrgboitamplen ridoComparatiddution
Example 4 Particulate titanium dioxide pigment intermediate obtained

of the fspir shBA/Blsorphate3dkdativnishtitaniaier totradiilbrietdiame eofitadnirfpidity for
0.6% alumina in its crystalline lattice was dispersed in water in the

spray gpassneeeT.0s38 B jnvediefernsioehn iphgaiantotisedinmhigher energy costs.
hexametaphosphate dispersant, along with a sufficient amount of sodium
hyBeasETests seisethecprisidie GppuiibHeteamm iyl foofto gropnia
achieve an aqueous dispersion with a solids content of 35% by weight.

content fp JesstAbRY I AR ﬂ%@@ﬂr@%ﬁ‘sﬂ@aﬁ@ | RS RRS IR P EFRTHS were tested
sand-to-pigment weight ratio of 4 to 1, until a volume average particle size

for phelagatabieASH Ve AP Ao aRiR OBbE GRS o RS WerBreiati i TaRle 2
63 microns, as determined ut|I|Z|n%a Microtrac X100 Particle Size
Analyzer. The slurry was heated t E: acidified to a pH of about 5.0
using conc ntrate%sulfurlc acid, th treated with 0.25% zirconia, added

rapldly as FCSTAGAIRICAHYRS ¥8lon, over a

Aute-peried—Afterthe nd |hnn of-the zirconivm-orthosulfatethe

007/022059

L\ m;
|| e TTITTN I_\II.\I ot

lg ‘L tained Y SRR IGana content [wh 1) Ui o dIRHCA siope

Ci l& MMt U Tt O T o aurootc ™

odium hydrnv:do solrton, then-treated-with-2.8% 9

LAAYAAY IR LY M\4 COUUJIY aToa A ) w 4
Ccmpm Eﬁ@f@ a-357 gram/!!te! aaﬂ%%us sodium-ahuninate inlzt'%n

OO TT IUL, =3V v L o)

over a fifteen minute period. During the addition of the sodium aluminate

lut t of he slurry was antan tween a value of 8.0 and
e EHPIFrﬁ BFEHAME SO 5%?&?’%%&&55%&%@%& érein zirconia

estio 0C. The WO 2008 26PCT1U 0071022059,
is dep%sg cz rosr% 02 V'va opae Blﬁllﬁeie ho ¢ process ofs afso drying tge pigment, the

pigment in guestion hawng had deposited thereon, in two previous sequential sieps, inorganic
oxide surface treatments of 3.0% silica and 2.0% alumina (both by weight of the pigment).
Improved manufacturing efficiency is achieved through the combining of the zirconia treatment
and drying steps, as well as from the shortened drying times and reduced energy consumption,
The resulting titanium dioxide pigment would be particularly useful in the production of end-use

articles and compositions including plastics and coatings.

16



The resulting filter cake was washed with an amount of water, which had
been preheated to 60C and pre-adjusted to a pH of 7.0, equal to the
j overed pigment. The washed filter cake was subsequentl
\ﬁﬁé‘?ﬁ isz){égr%rgg in water with agitation in the presence of 0.35% gg/mgezn@%%{lozzﬁsg
based on pigment of trimethylol propane, and 1.0%, by weight based on
pigment, of a 45% by weight aqueous solution of ammonium zirconyl
axhoyrste (20%cntretrecommpiguiivalent), representing 0.2% by weight
of finished pigment of deposited zirconia, to yield a titanium dioxide slurry
comtismirig Rippraxidiarady 8E96dny weighidddtpignentd fror e resuttirigise
pigment dispersion was spray dried using an APV Nordic PSD52 Spray
oxidatppyitirdindisimghloddrerinisntegiptatune of-approninately2886edon water in
yield a dry pigment powder. The dry pigment powder was then steam
the pregerse ATZR&S (rinz g shs (baspdorpiigrent hodigitivat beoh 2 Sanhithphastalispersant,
injector pressure set at 146 psi and micronizer ring pressure set at 118
along Wi %éh%ré%rﬁw@mﬁﬁé@im Fydreprspaedios. the pHoAtbodipmrativeto at least
example, the same procedure described above was repeated, but in the
9.3, to 2HUENR ATORIMRO Wit B P ARAPEIREGHV Calbo atehte Ao matting
.. the washed semi-solid filter cake. The pigments produced according to
titaniugp AIGKIEH VG A NG CETD SHie I TBEOR SR8 dd Bt oS iFco B Tebiatelnt 1o 1,
., and photocatalytic activity as in Example 1. Results are provided in Table
until a 10% 5

SRR ARG BHISHE S RO BHOBARIAR Ret Ftyhy arbcles were

Pigment.Sample Measured Zirconia content (wt. %) HSPCA slope
Smalleét)?gpn %é’i Amcl%ns, as %etemzdmeJ utﬂx:gng a Micrg)trac }%)1 00 Particle Sg:e Analyzer.

The resulting shurry, diluted to 30% solids by weight, was heated to 90°C then treated

with 3.0% silica, calculated on the weight of the final pigment, added over 20 minutes in the
form of a 250 gram/liter aqueous sodium silicate solution (5i05:Na,O). While maintaining the
temperature ét 90°C, the pH of the slurry was over a 55 minute period slowly decre;ased toa
vaiue of 5.0, using 25% by weight aqueous sulfuric acid solution. Following a digestion period
of 15 minutes, 2.0% alumina, by weight of final pigment, was added over 15 minutes as a 357
gram/liter aqueous sodium aluminate solution while maintaining the pH of the slurry between a
vaiue of 8.0 and 8.5 via the concomitant addition of 25% aqueous sulfuric acid.

The dispersion was allowed to equilibrate at 90°C for 15 minutes, at which point the pH
of the slurry was re-adjusted to 5.8, prior to filtration while hot. The resulting filter cake was
washed with water which had been preheated to 60°C and pre-adjusted to a pH of 7.0,in an
amount equal to the weight of recovered pigment.

The washed semi-solid filter cake was subsequently re-dispersed with agitation in the

presence of 2.5%, by weight based on pigment, of a 45% by weight aqueous solution of

17



0.45 10 Comparative Example 4 0.25 14 WO
2008/063326PCT/US2007/022059 zircoma is deposited onto a titanium

loXi igment in the process of drying the pigment, the pigment havin
%@#Zp%%{'ed thereon, in two previous sequential steps, inof Wiﬁ*ﬁmﬁg

surface treatments of 0.25% zirconia and 2.8% alumina (both by weight of

the pigment). Improved manufacturing efficiency is achieved through the
ammopambiiringyidhésece () 7Zmahia theatiaaniandeatyirgpiepind D&% by weight of

resulting titanium dioxide pigment would be particularly useful in the
finishqtotimetio Ol qeaiied siixsin piey & dndiGatopasdiidskampentzining

Particulate titanium dioxide pigment intermediate obtained from the vapor
approyimasgioiidatiprweiditoniphartetradiloridelandutantainingcsh whdring isd

its crystalline lattice, was dispersed in water in the presence of 0.18% by
using gpetght (haedRETER g EnpeoisadiaimieaaEnyetaphosphatedispgrsant
and with sodium hydroxide sufficient to adjust the pH of the dispersion to a
approxmsieiti AP0 Aludontielé atdrp rgitentiposise clisdispprsimiaidgravesliis: steam
content of 35% by weight. The resulting titanium dioxide slurry was
micromigefdating teesanet iilRg Yo Sinyd i besed andbisapighoé i mashy i mtipated
... .to 1, until a volume average particle size was achieved wherein greater
utshizigg 2 5o o PR it ek ieie SiralicerihancteB mictonoremsudetstmingd psi and

. utilizing a Microtrac X100 Particle Size Analyzer. )
micromzer ring pressure set at 118 psi, completing the finished pigment preparation.

As a comparative example, the same procedure described above was repeated, but in the
absence of the addition of the ammonium zirconyl carbonate reagent to the washed semi-solid
filter cake. A dilution was required of the semi-solid filter cake in this comparative example, to
35% by weight in water, in order to achieve sufficient fluidity for spray drying, which in turn
resulted in a longer cycle-time and higher energy costs.

The pigment produced by the inventive example was tested for zirconia content as in
Example 1, and both the inventive example and comparative example pigments were tested for
photocatalytic activity, again as described in Example 1. Results are provided in Table 3.

Table 3

Pigment Zirconia Content and Photocatalytic Activity Value

Pigment Sample Measured Zirconia content (wt. %) HSPCA slope
Example 3 0.50 0.7
Comparative Exampie 3 none 24

Exampile 3 still further illustrates the novel process of the instant invention, wherein
zirconia is deposited onto a titanium dioxide pigment in the process of drying the pigment, the

pigment in question having had deposited thereon, in two previous sequential steps, inorganic
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The resulting slurry, diluted to 30% solids by weight, was heated to 60C
and acidified to a pH of 2.0 using concentrated sulfuric acid, then allowed

j 0C for 30 minutes. After this, the pigment slurry pH was
Vi\%%@?é% %ﬁg value of 6.2 using 20% by weight aqueous sodligjr%fﬁrf/%frﬁgggz e
solution, followed by digestion for an additional 30 minutes at 60C, with
final readjustment of the pH to 6.2, if necessary. At this point the .
oxide elisfrersioatnes fittedctyidiie hot 2 0% Hemasu(biot, ilterdakecfde pigahket).
with an amount of water, which had been preheated to 60C and
Impropeéd radjustethitmg gfficish?y0s egrialtd theuphight afmboovekddipiginenta Thament
washed WO 2008/063326PCT/US2007/022059 semi-solid filter cake was
and drguigseguentyrdl dispersts kavatedWithagitato aid tinprdseeee ofnsumption.
0.35% by weight based on pigment of triMethylol propane and 1.0%, by
The rofjaiyie HaskercHorigmpismeriaeshh by namighady ustubisdhatipndoktion of end-use
.. ammonium zirconyl carbonate (20% active zirconia equivalent),
articlepaprbeamnng ippsimslpdissgresiamahesrprgnent of deposited zirconia, to
yield a titanium dioxide slurry containing approximately 35% by weight of

Nordic PSD52 _Spr%y D%?erl maintaining a dryer inlet temperature of

apPisiaERED 1
., _powder was then steam micronized, utilizing a steam to pigment weight
oxidaiaR OB, iiraceianit e CrvHRERs Qe alurina s anerainrdaidey was
. __ring pressure set at 118 psi, completing the finished pigment preparation.
disperied ag)c‘es?%rﬁé PERENDRE 8% dh & e e qaipmsEhBonsivas
b regi%eigte : bué,in the absence of the addition of the ammonium zirconyl
o BRHE e MR A W HEF SeHFSBliaRREt Ghredium Rrirgyidmiaradiust the
roduced in the inventive example was tested for zirconia content per .
P o B P IR LS e S EER 37 BB BRI o
contelg%g@%r%ed in }l,r:tgample 1. Results are provided in Table 5. Table 5

igment ircoma Content and Photocatalytic Activity Value Pigment Sam

lefhc 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 slurry was heated to 50°C, acidified to a pH of about 5.0 using
concentrated sulfuric acid, then treated with 0.25% zirconia, added rapidly as a 200 gram/liter
aqueous zirconium orthosulfate solution, over a five minute period. After the addition of the
- zirconium orthosulfate, the shurry was maintained at 50°C, adjusted to a pH of 8.0 using 20% by
weight aqueous sodium hydroxide solution, then treated with 2.8% alumina, added as a 357
gramv/liter aqueous sodium aluminate solution over a fifteen minute period. During the addition
of the sodium aluminate solution, the pH of the slurry was maintained between a value of 8.0 and

8.5 via the addition of sulfuric acid, prior to an additional 15 minute digestion at 50°C. The
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Measured Zirconia content (wt. %) HSPCA slo se Exam .le 5 0.20 14.5
Com arative Exam le 5 none 23 Example 5 further illustrates the

wggds%%g%ss of the instant invention, wherein zirconia is de 8%1{%% 0%5} %2%59

titanium dioxide pigment in the process of drying the same, the zirconia
treatment in this instance, however, being the only wet inorganic oxide
treatment applied to the .

dispersion was then filtered while hot.

The resulting filter cake was washed with an amount of water, which had been preheated
10 60°C and pre-adjusted to a pH of 7.0, equal to the weight of recovered pigment. The washed
filter cake was subsequently re~dispersed in water with agitation in the presence of 0.35% by
weight based on pigment of trimethylol propane, and 1.0%, by weight based on pigment, of a
45% by weight aqueous solution of ammonium zircony! carbonate (20% active zirconia
equivalent), representing 0.2% by weight of finished pigment of deposited zirconia, to yield a
titanium dioxide slurry containing approximately 35% by weight of pigment.

The resulting pigment dispersion was spray dried using an APV Nordic PSD52 Spray
Dryer, maintaining a dryer inlet temperature of approximately 280°C, 1o vield a dry pigment
powder. The dry pigment powder was then steam micronized, 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.

As a comparative example, the same procedure described above was repeated, but in the
absence of the addition of the ammonium zirconyl carbonate reagent to the washed semi-solid
filter cake.

The pigments produced according to the inventive and comparative examples were tested
for zirconia content and photocatalytic activity as in Example 1. Results are provided in Tabie 4.

Table 4

Pigment Zirconia Content and Photocatalytic Activity Value

Pigment Sample Measured Zirconia content (wt. %) HSPCA slope
Example 4 0.45 10
Comparative Example 4 0.25 14

Example 4 still further illustrates the novel process of the instant invention, wherein




WO 2008/063326PCT/US2007/022059 pigment intermediate. Improved
manufacturing efficiency is again achieved through the combining of the
' i tment with the drying step. The resulting titanium dioxide
‘%&ll;g%hgi@r%%%duced would be particularly useful in the productrd(‘rm{mw” 022055
end-use articles and compositions comprising pigmented plastics.
Example 6 and Comparative Example 6 Particulate titanium dioxide
zirconigemienosittdronediaieanintaidizct o pi ghe ntap dihoses osittixin efdibaniien, the
' tetrachloride, and containing 0.8% alumina in its crystalline lattice, was
pigmenispeisg tah dvpteitéd thequesense pfdibB9sduyanaifhtfiasesanipigiuei)iface
of sodium hexametaphosphate dispersant along with sufficient sodium
treatmppidroiddes {6 wijosithel -8 Y thendisfbosiory terdghn nidunpigalue 0f Qdoted
yield an agueous dispersion with a solids content of 35% by weight. The
manufpssuing s Heinigonislishideed tryugashe ubebieth @S trndmilinbyziusing aeatment and
_ zircon sand-to-pigment weight ratio of 4 to 1, until a volume average
dryingégrield kizeswhispiéisevetdvhiéde ipignors Wiandgdpafithzpprticlos were
smaller than 0.63 microns, as determined utilizing a Microtrac X100
produpigrisfe@izeennalyzer. The resulting slurry, diluted to 30% solids by
weight, was heated to 60C, acidified to a pH of 2.0 using concentrated
sElamels Sianddeompsmive ol Slumina, based on titanium dioxide,
added as a 357 gram/liter aqueous sodium aluminate solution. During the
abittioHaY W ke RinTds miemae Soritediatecopiaiord few dhn s phase
., maintained between a value of 8.0 and 8.5 via the addition of sulfuric acid,
oxidatppt HingEiTrbIons mindieaniaipne | Afteritmintie Sreryspindstiice, was
. ac%justed to.a pH of 6.2 Wigl additional sulfuric acid, followed by digestion
dispersd My i o i EBSFTR 50 o

AP 60RY, WshehERress ek migTneRm ehbstinge
h slurrﬁ/ EH toag,z. The dispersion yas [g%%gd while hot. The resulting filter
examglagHoahale BT A IR GOV BY BUE A PO AT ORRO! the
dis cr2100 /063326PCT/l[JSZ?%7 022059, weight to the recovered pigment. The
perSion Jo-e RN VANE OF 0.3, I PR At R GRS PESRREPRR B R Bt rgtont

sagiration | .0.35% b ight based ' f. . .
o35 RO S SHG 08 B R BHoal SUPHFe et eyine =
: ' lution. of ' ' | carbonate (20%. acti .
zircon S B ) T AU soioved

zirconia equivalent), representing 0.2% by wei
whereiSROS e Zir6601a 1R Vigld A ditan| ioxide slurry containin . L
e agggroximately 35% (@y &%?b%?gﬁ%%%éﬁéﬁgﬁﬁﬁ&%% i‘na’grciite termined utilizing

a MicHiSREFSION MAS. SPRF A %g%[ng an APV Nordic PSD52 Spray Dryer,
maintaining a dryer inlet temperature of approximately 280C, to yield a dry

PigeRt RAWEaHT RS HEY mm%ﬂawg}ew%ﬁt}%e RIS BUGFRNIZ0G i dified 1o

utilizing a steam to pigment weight ratio of 2.5, with a steam injector
a pH 0PRSS 30hednl 6D SLANH ISR MIZR L IDY I B SHYESRAbE 18- BBl iminutes. Afier

completing the finished pigment preparation.
this, the pigment slurry pH was adjusted to a value of 6.2 using 20% by weight agueous sodium
hydroxide solution, followed by digestion for an additional 30 minutes at 60°C, with final
readjustment of the pH to 6.2, if necessary. At this point the dispersion was filtered 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 the weight of recovered pigment. The washed
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As a comparative example, the same procedure described above was
repeated, but in the absence of the addition of the ammoni urn zirconyl
agent to the washed semi-solid filter cake. The pigment of
“ﬁéﬁﬁ@enﬂéﬁ example was tested for zirconia content and both BIgHERL 205
for photocatalytic activity, all as described in Example 1. Results are
provided in Table 6. Table 6 Pigment Zirconia Content and Photocatalytic

semi-spipliVilieMaleevRigmbrSantiple-WMesssrd dnZirneniaihogienicnwin Yy bISRREA of
slope Example 6 0.20 16
0.35% by weight based on pigment of trimethylol propane and 1.0%, by weight based on
pigment, of a 45% by weight agueous solution of MOnimn zirconyl carbonate (20% active
zirconia equivalent), representing 0.2% by weight of finished pigment of deposited zirconia, to
yield a titanium dioxide shurry containing approximately 35% by weight of pigment. The
resulting pigment dispersion was spray dried using an APV Nordic PSD52 Spray Dryer,
maintaining & dryer inlet temperature of approximately 280°C, to yield a dry pigment powder.
The dry pigment powder was then steam micronized, utilizing 2 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.

As a comparative example, the same procedure described above was repeated, but in the
absence of the addition of the ammonium zircony! carbonate reagent to the washed semi-solid
filter cake,

The pigment produced in the inventive example was tested for zirconia content per
Example 1, and both pigments were tesied for photocatalytic activity also as described in
Example 1. Results are provided in Table 5.

Tabie 5

Pigment Zirconia Content and Photocatalytic Activity Value

Pigment Sample Measured Zirconia content (wt. %) HSPCA slope
Exampie 5 0.20 14.5
| Comparative Example 5 none 23

Example 5 further illustrates the novel process of the instant invention, wherein zirconia
is deposited onto a titanium dioxide pigment in the process of drying the same, the zirconia

treatment in this instance, however, being the only wet inorganic oxide treatment applied to the




Comparative Example 6 none 27 Example 6 further illustrates the
novel process of the instant invention, wherein zirconia is deposited onto a
itani joxide pigment in the process of drying the pigment, with the
“%%r{#g;r?? %ag\é}ing had deposited thereon, in one previous stepggﬁlﬂ%ﬁ’agﬁ%%g
oxide surface treatment of 1.0% alumina (by weight of the pigment)
Improved manufacturing efficiency is achieved through the combining of
pigmeshmgzrcediaitrdatpnevddmtintife-tryine: feerthesrgeiltingitteditmcditdede
pigment would be particularly useful in the production of end-use articles
combiging etirpositoscampisngpignentet pasias ratiAT 1GDkANRd Bigment
I. A process for manufacturing zirconia-treated titanium dioxide,
producedmprklhy thelstepsofseful in the production of end-use articles and compositions

comprising pigmented plastics.

Example 6 and Comparative Example 6

Particulate titanium dioxide pigment intermediate obtained from the va@or phase
oxidation of titanium tetrachloride, and containing 0.8% alumina in its crystalline lattice, was
dispersed in water in the presence of 0.18% by weight (based on pigment) of sodium
hexametaphosphate dispersant along with sufficient sodium hydroxide to adjust the pH of the
dispersion to a minimum value of 9.5, to yield an agueous dispersion with a solids content of
35% by weight. The resulting titanium dioxide shurry was subjected to sandmilling, 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 Périicle Size Analyzer.

The resulting slurry, diluted to 30% solids by weight, was heated to 60°C, acidified to a
pH of 2.0 using concentrated sulfuric acid, then treated with 1% alumina, based on titanium
dioxide, added as a 357 gram/liter aqueous sodium aluminate solution. During the addition of the
sodium aluminate solution, the pH of the slurry was maintained between a value of 8.0 and 8.5
via the addition of sulfuric acid, prior to digestion for 15 minutes at 60°C. After this, the siurry
pH was adjusted 1o 2 pH of 6.2 with additional sulfuric acid, followed by digestion for an
additional 15 minutes at 60°C, followed by a final adjustment of the slurry pH t0 6.2. The
dispersion was filtered while hot.

The resulting filter cake was washed with an amount of 60°C, pH 7.0 water, equal in



a) forming a mixture comprising a titanium dioxide material in water; b)
wet milling said mixture; c) after step b), optionally depositing on said wet
|I£ &f@%@igm dioxide material one or more inorganic omdesp{s:%%cs;geogmuﬂbg
e group consisting of the oxides of aluminum, boron, cerium,
phosphorus silicon, tin, titanium and zirconium; d) achieving a pH of the
mixture resulting from steps b) or ¢) between about 5 and about 9,
weightvh éie byctivertithp pmeeioRid evasatelr s solffl didietlyaito cead atedetadaly re-
recovered by vacuum or pressure filtration; €) removing said titanium
dispersgtidxideatatertiak gicricsainl teiuserdry vAOLGH by praghtivestittratipiyn@ent of
washing the titanium dioxide material recovered by filtration; g) converting
rimetiib \yashad titahi it dioxidegndterid| do righomhdlispetsicrobwaciitmmafs
one or more alkaline water-soluble zirconium reagents selected from the
solutiggroliprewasistingrobarhnoinate £} 8bnyd tar Boneite, thei vebte),; sofutdenting 0.2%
ammonium zirconyl carboxylates and mixtures of these; h) drying the
by weigierSrishes yiaia e ory SArostied supkide feenidd wtiAnImdlioxide g epntaining
2.A process as defined in Claim 1, wherein the titanium dioxide material
appmﬁg@%@ﬁ|&M%t%ﬁﬁ@%@éﬁ@ﬁm%mmﬁmw& spray dried
tetrachloride using a vapor phase OX|dat|on step. 3. A process as defined
”Singﬁé%YnN?f%%ﬁﬁzt%rﬁﬁé AT G 8 (Fa) oIt IpapPTiedsetses a
crystalllne Iattlce and is further characterlzed in that, other than any
approXHBREIN eS8 dR Hh e A R <R A 2 PR R AT B fen steam
mterme%ate during the vapor phase oxidation step, substantially no

HHHZRE Ry & BEEREAL NSRRI Shi itk A RS HNERioR BFRgRue set at

rior, to,optional step c) or ste
146 psi and micronizer ring gressure seP 39)1 18 psi, completing the finished pigment preparation.

micro

As a comparative example, the same procedure described above was repeated, but in the
absence of the addition of the ammonium zirconyl carbonate reagent to the washed semi-solid

filter cake.
The pigment of the inventive example was tested for zirconia conient and both pigments

for photocatalytic activity, all as described in Example 1. Results are provided in Table 6.

Table 6

Pigment Zirconia Content and Photocatalytic Activity Value

Pigment Sampie Measured Zirconia content (wt. %) HSPCA siope
Example 6 0.20 16
Cormparative Example 6 none 27

Example 6 further illustrates the novel process of the instant invention, wherein zirconia
is deposited onto a titanium dioxide pigment in the process of drying the pigment, with the

pigment having had deposited thereon, in one previous step, an inorganic oxide surface treatment




4. A process as defined in Claim 1, wherein after the addition of one or
more alkaline water-soluble zirconium reagents, the resulting fluid
W} sPersmn is characterized by a titanium dioxide solids content of at least
sUFE6* % cent by weight. 5. A process as defined in Claint 4L HFRIPZIHR2059
the resulting fluid dispersion is characterized by a titanium dioxide solids
content of at least about 55 percent by weight. 6. A process as defined in
of 1.0%G|diembawhevaiiphe ferubling-diyddispe omnis tharasionnre’diy & achieved
titanium dioxide solids content of at least about 60 percent by weight. 7. A
teassradtiefisitidriciaiin temhenein thehodeybizsefe Plikatingting titanium
water soluble zirconium reagents are selected from the group consisting
dioxidefragmersnivmdzirc paylcdatipnatélamtmomicicziceorfdiriceiaterigigmanium
zirconyl formate and mixtures thereof. 8. A process as defined in Claim 1,
compagitionsinotheroirg orgereed| kidieswater-soluble zirconium reagents are
added in aqueous solution form, in which the zirconium reagent or
reagents are present at a concentration of between about 20 percent and
about 50 percent. 9. A process as defined in Claim 1, wherein the
water-soluble zirconium reagents used represents between about 0.05
percent and 1.5 percent by weight of finished pigment of deposited
zirconia. 10.A process as defined in Claim 1, wherein the water-soluble
zirconium reagents used represents between about 0.1 percent and 0.5
percent by weight of finished pigment of deposited zirconia. 11.A process
as defined in Claim |, wherein the drying step is performed by spray drying
of the dispersion.
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WHAT IS CLAIMED I5:

1. A process for manufacturing zirconia-treated titanium dioxide, comprising the steps of:

a)
b)

c)

d)

forming a mixture comprising a titanium dioxide material in water;

wet milling said mixture;

after step b), optionally depositing on said wet milled titanium dioxide material
one or more inorganic oxides selected from the group consisting of the oxides of
aluminu'm, boron, cerium, phosphorus, silicon, tin, titanium and zirconium;
achieving a pH of the mixture resulting from steps b) or ¢} between about 5 and

about 9, whereby the titanium dioxide material is sufficiently flocculated to be

recovered by vacuum or pressure filtration;

e) removing said titanium dioxide material from said mixture by vacuum or pressure

g)

h)

filtration;

washing the titanium dioxide material recovered by filtration;
converting the washed titanium dioxide material to a fluid dispersion by addition
of one or more alkaline water-soluble zirconium reagents selected from

the group consisting of ammonium zirconyl carbonate, the water-soluble
ammonium zirconyl carboxylates and mixtures of these;

drying the dispersion to vield a dry zirconia surface treated titanium dioxide

powder.

2. A process as defined in Claim 1, wherein the titanium dioxide material is a rutile titanium

dioxide intermediate produced from titanium tetrachloride using a vapor phase oxidation

step.

3. A process as defined in Claim 2, wherein the titanium dioxide material acted upon

possesses a crystalline lattice, and is further characterized in that, other than any inorganic

oxides formed in the crystalline lattice of the titanium dioxide intermediate during the vapor

phase oxidation step, substantially no inorganic oxides have been deposited on said titanium

dioxide material prior to optional step ¢) or step g).
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A process as defined in Claim 1, wherein after the addition of one or more alkaline water-
soluble zirconium reagents, the resulting fluid dispersion is characterized by a titanium

dioxide solids content of at least about 50 percent by weight.

. A process as defined in Claim 4, wherein the resulting fluid dispersion is characterized by

a titanium dioxide solids content of at least about 55 percent by weight.

. A process as defined in Claim 5, wherein the resulting fluid dispersion is characterized by

a titanium dioxide solids content of at least about 60 percent by weight.

. A process as defined in Claim 1, wherein the one or more alkaline water-soluble
zirconium reagents are selected from the group consisting of ammonium zirconyl

carbonate, ammonium zircony! acetate, ammonium zircony! formate and mixtures thereof.

. A process as defined in Claim 1, wherein the one or more alkaline water-soluble
zirconium reagents are added in agueous solution form, in which the zirconium reagent or

reagents are present at a concentration of between about 20 percent and about 50 percent.

. A process as defined in Claim 1, wherein the water-soluble zirconium reagents used
represents between about 0.05 percent and 1.5 percent by weight of finished pigment of

deposited zirconia.

10. A process as defined in Claim 1, wherein the water-soluble zirconium reagents used

represents between about 0.1 percent and 0.5 percent by weight of finished pigment of

deposited zirconia.

11. A process as defined in Claim 1, wherein the dryving step is performed by spray drying of the

dispersion.
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