| MPROVED PROCESS FOR MANUFACTURI NG ZI RCONI A- TREATED

TI TANI UM DI OXI DE Pl GQVENTS This invention relates to an
WO pgBo§33e met hod for manufacturing titani um di PXT/U82007/022059

pi gnments containing inorgani c surface treatnents

conprising zirconia. The pignments of this invention

are useful in coatings, in plastics and in paper.
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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 art that the wetting and dispersing properties of titanium dioxide
pigments can be improved by the deposition of inorganic metal oxides and/or metal hydroxides
onto the surface of a titanium 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,
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(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 resistance 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 to

chemically treat pigment intermediates, and in particular titanium dioxide, with zirconium

compounds, in order to further impart improved gloss and durability properties to the final
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surface finishes on fibrous web substrates such as
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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, opaque 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
aqueous titanium oxide chloride solution, and optionally, other oxide-forming water-soluble

metal salts. The pigments so produced are said to exhibit improved weather resistance and
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of optical properties, particularly in paper applications, and physical properties, particularly in
rubber applications. In addition, these surface-modified pigments are indicated as useful
extender or replacement pigments for titanium dioxide or other synthetic alkali metal or clay
aluminosilicate pigments.

U.S. Patent 5,846,310 describes spherical silicon dioxide particles with a size of from 5 to
500 nm coated with titanium dioxide, ferric oxide, or zirconium dioxide particles with a size of
less than 60 nm. The coated particles can be after-coated with silanes or further metal oxides.
The products obtained are used for pigmenting paints, printing inks, plastics, and coatings or as

sunscreen agents.
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with impRived gRRS ftJor durability comprising alumina, zirconia, and optionally, phosphate
compounds, and methods of making these pigments. These pigments are useful in the
manufacture of paints and plastics. This patent also claims a method comprising wet treating
titanium dioxide with first, an alumina compound to form an alumina layer, followed
sequentially by wet treatment with a zirconia compound to form a zirconia layer, 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
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details are provided to fully discern the conditions
and plasti§ter which zirconia is deposited onto a pigment

surface, and with particular reference to titanium_
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descri be procedures :
conditions under which zirconia is deposited onto a pigment surface, and with particular
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
4,405,376; 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 deposition 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
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An improved process according to the present invention broadly comprises:

(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 milled titanium dioxide material one
or more inorganic oxides selected from the oxides of aluminum, boron, cerium, phosphorus,
silicon, tin, titanium and zirconium;

(d) adjusting the pH of the slurry resulting from steps (b) or (c) to a value between 5 and

9, in order to flocculate said titanium dioxide material whereby the titanium dioxide material
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presence or absence of additional functional additives known to the art, to ﬁnally yield a dry
finished pigment product that is well-suited for incorporation into coatings, in paper or in plastics
as desired.

In general, any type of titanium dioxide material can be processed in accordance with the
instant invention. Preferred is rutile titanium dioxide material. Most preferred is rutile titanium
dioxide which has been produced from titanium 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 rutilization aid during the vapor phase oxidation step
along with the titanium 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 incorporate other

oxidizable inorganic materials in the oxidation step as has been described or suggested elsewhere

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



In general, any type of titaniumdioxide material can
be processed in accordance with the instant invention.
woe@Be63ed is rutile titani um di oxi de mat eri al PCIMDS1007/022059
preferred is rutile titani um di oxi de which has been
produced fromtitaniumtetrachloride using a vapor
phase oxidation step. The titani um di oxi de materi al
5,201,945, %2212 Ocondt @562, 24 aPoeftablyf othlerithanapch Floumed-intiinenganic oxides,
chl ori de which has been conventionally added as a
the titafibin dio%lei Wil AdthatNHeBs tieBRd WP biHReP %%ﬁ‘%lﬁﬁé dRIde® Pridt &P being so
along wth the titaniumtetrachl ori de. her inorganic
i ri ' on step nay be present
treated %%’O%I?g {,0041 gsgﬁgééeoﬁ%néljg%ﬁlgﬁggﬁ(}néd in the art nmay w sh
&o i ncor porate other oxidizable jnorganic materials in_,
he spsteaised in dhe presdniling plep 9t Jbe dpveplive sretaqdygaspe@ disk-type
el sewhere for various purposes, for exanple, particle
agitators a zegectypt ngitatos oe gedapallyi arst etheretyptJoBwePmiléing system commonly used
3, 856, 929, 5, 201, 949, 5,922,120 and 6, 562, 314.
in the aftl Bheetalhy me@iat@fiplbytaincad e Rand) IR BeddR, aliMBadRAIS or generally any

oxi des, the titaniumdioxide will not have been
it h. i C orior L0 . -
otvr SRRSO el 13040, AHL P RARICOPR e v

. inventian. . The systemused in the wet mllin t ep of .
media WilLPRIRIENY {65 e HOEH Linsdhieols HHEK Igrhdh fyTiing Jre tignium dioxide
) cage-type agitator, or generally any other type of wet
dispersigf| | i ng system commonly used in the art. The milling
nmedi a enpl oyed can be sand, gl ass beads, al um na
Beldwiging die wetneillidg sterg iyorgarie coatimpgirean optisasity beé pplied, utilizing any
medi a. The individual grains, particles, or beads of
of the KnB&mPrbéesS3 1BRHed: ddpokitiBh rehRANC BRIdAEBRRN tht haitA ioxide. The
aqueous slurry used'in formng the titanium di oxide
- di spersikon. . Fol | ow e wet mldng st .inorganic...
particulgt TRFENC Biide spPIE fad, W MEbndT oty SfrPBiicy” sy Ry rtcal, and
. the known processes to_effect deposition_ of inorganic )
various pepsiiilitiehats Wakeknawmie tiaseaskebigdda. therpl, seaturtheq detail on this aspect is
i norgani c oxi des applied and the manner of their
not necegspilyi cBy ivaay @frexampie of knaveralinorgamic vside dnggtment protocols, for plastics
possibilities are well known to those skilled in the

end-use@bpplica@odsult. N8I Pdeh&i 5,390 4881 sdaSPe0L318 Sdescribe 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 to 9.
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-



not necessary. By way of exanple of known inorganic
oxi de treatnent protocols, for plastics end-use
wa@ppBioeaeé ons U S. Patents 5,332,433 and 5, 70BCB1LS2007/022059

.describe inorganic treatnment protocols, as do U S
Patents 5, 203,916 and 5, 976, 237 for coatings end use
applications. The pH of the titani um di oxi de

solid tidhmpedokmie matetidletypad]ly sitedg taitemumedivkide solidsndontant of 40 percent
di oxi de material to flocculate. Preferably, a

to 70 ps,x%ﬁﬂ By fRighf BRY AIBrebkfd)d F5cHsiff ofdASR thin 30960 cw Js. Rénverted to a
di spersi on during this step to bring the pH of

fluid dll%%r? | SI ?r{p r%ct %L&?o&_'og Taﬁfaf,'qrélg(glgg poglrl%(l{no fr:tlge égal?net wgter -soluble

durlngthls ste a value of at least 5.5 u
ZIrcom%éeﬁgeﬁ&caaxdéﬁre%ﬁo ttrqnaln WaFRrd R BEing s ?mmfgméat the semi-solid

~using a vacuumtype filtration systemor a _ o
materiapisesmvered ype fhiid tdispeistom withowrmubstantiad dlatiore of thit titahiugn dioxide
poi nt, the washed normally solid or semsolid titanium

matenadw&hladaltmalawata:l sudlythbcie tyanhaw idigkide $dlidaoontentds prefetably at least
solids content of 40 percent to 70 percent by wel ght

50 perc,%ﬁfj rﬁm@ e;g@f@?ébﬁr’y PeioSH éﬁVSSOf)erQB{t%nH Bst ef‘?epﬁ)lf Being! & least 60

to a fluid sersonwat i rect

per"entmg{eé‘?fa@éﬂ 6 R BR ﬂmﬁ?m 3 °?ct‘e’r£7r?&ﬂzy At s evels will be

water, with m xi ng I n one enbodl ment, the sem -solid
less thapd 09 Fps. Mage pesicreblydlie viscasity jofithe erlkb%hswh@hé% cps, and most

substantial dilution of the titanium di oxi de materi al
preferablytiéss aletahi #00apal wat er, such that the titani um di oxi de
solids content is preferably at |east 50 percent, nore

%@fﬁkﬁﬁkngf%} RQusle El?&ﬁﬁun@@ngén? §9tseRRAEIRSM ammonjum zirconyl

preferably being at |east 60 percent Preferably t he

carbona\sf% cﬁ@ t\éF\l} %otlklil}ﬁf ?xlngrréor %ggfar{;(ﬁgli %tﬁg (OII\%IR(gJI gth the foregoing,

i ,preferablythe VISCOSIty of the sl will be less
if desirpia §XgpPIARH Y alERARISS T HPBIVE} atsfcgnyr O¥HAS FOUPEFES ammonium
. The al kal i ne wat er-sol ubl e zirconi um rea:]gent IS .
zircony ebesate cuhdf anapmoninm pirconyk forowit; | and as tpoefatablyaadtielras a pre-dissolved
wat er - sol ubl e anmoni um zi rconyl carboxyl ates (or

solutioffbXdailt Rag&t it hater af &gRemeations 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
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if desired), exenplary water-sol uble ammoni um zir conyl
car boxyl ates conpri sing anmoni um zi rconyl acetate and
w@pawen6dee zi rconyl formate, and is preferably edides20a%022059

a pre-dissolved solution of said reagent in water at

concentrations between 20% and 50% by wei ght of

sol ution, of zirconiumreagent. Preferably, the anount
producecd dnyatiteniusodiokide pigmen powder. §hg pnéfetnstthethedrie sgay drying. The dry

bet ween 0.05% and 1.5% by wei ght of finished pignent,

product ¢hud BRAGEIEENZHE EMVeRtioRNG IHH&H at /ﬁ'&ﬁ{@w ¥ de51red final particle size
representing between 0.1% and by wei ght of

distribuflénp#lg’lggdgﬁcoﬁﬁe s%f d&n?cqgﬁ&ﬁ%ni & 6gsen§<{1 gre b§e9(§63 &f additional

rons, LS ustal
ve an o tinu bal ance of plgnent propertles
ﬁ“”““?@ “?F%H%@?atlon of the pignent filter cake
|nternpd|ate.reqU|r|ng m ni mum anounts of additional o
et etaniuthdioxids pigreny pavderoprodutied (hyrthé process of itheapriesemt invention is
di oxide is then dried using any of the procedures

especial?nMd ifér dsBén &Béti,ngs Jeebietiddgandaia Uhindplastie. spi n-fl ash
rying, or spray drying toproduce a dry titanium

gﬁ@fﬂ%lg%%@ﬁgﬂﬂeso \o%ﬁ%tm%{ fatdb ) ogL C&gb(gigl%&gg of theSR{tAt invention
iSR! LT T P B G et e,

m croni zation in the presence or absence of addltlonw
Concentratirgisiand gercerfagasiapeby weighhunlpssi qtharweseandicatgthe tit ani um
di oxi de pi gnent powder produced by the process of the
Pxansiatl and\Conipacdtive Examprci al |y suited for use in
coatings, cosnetics, and in thernoplastics. The

PAtib@We BB XA M8 S SiEMERt ihRrhbdidR obelifedSREA kid va tpor phase
enbodi nents of the instant i nventl on w thout intending

|
ox1dat10(5jl of t kﬂlﬁ:ﬂ?{%rearcgl%%lde érhtélgg oOarl1$ %1% &1? 1t§ gt%{lgl%gaﬁa & was
by wei ght unless o ermn |nd|cate Exa le 1 and
dlsperseédweatm {he nrsssAss %th 01 9% b gl basesl on RiaRANG ohspdim
pi gnent internedi ate obtained fromthe vapor phase
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 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, was heated to 90°C then treated
with 3.0% silica, calculated by weight of the final pigment, added over 20 minutes in the form of
a 250 gram/liter aqueous sodium silicate solution (SiO,:Na,0). While maintaining the

temperature at 90°C, the pH of the slurry was slowly, over a period of 55 minutes, decreased to
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oxi dation of titaniumtetrachloride containing 1.0%
alumna in its crystalline lattice was dispersed in
wowRi0810633e6 t he presence of 0.15% by wei ght ( basedI/vs2007/022059
pi gnment) of sodi um hexanet aphosphate di spersant, al ong
with a sufficient anbunt of sodi um hydroxide to adjust
the pH of the dispersion to at |least 9.5, to achieve
5.0 using?2 S washtagreunssubfuriviatid salwiohi Hslovong e digestior3iiiodyf 15
wei ght. The resulting titaniumdioxide slurry was sand
minutesT2 IObS&lumbsd, _B? wRight b fifal PRiHerit ORhOIRIBE oV&H IBMhintuidsia® a 357
4 to 1, until a volune average particle size was

gram/litglC n%ﬁ%él?sdiomlﬁﬁ gfug'gfmé §olhﬁ&{‘w§§8/ @%@nﬁiﬁﬁl Q@g ﬁffl I%k% S oetween

m Crons, erm fe I'Zi'ng a
crotrac, Xl OO Particle Si Anal yzer (Mcrotrac Inc.

8.0 and %n‘flﬁg}?eapgmqnl‘g,z%%ﬂéqueq"l‘%suﬁg@ﬁlaflfing slurry, diluted to
30% sol i ds by weight, was heated to 90C then treated
Whe dispereion svak alawed il esuilibrad ab90efog h$ mahuted et Whichlpoint the pH
pi gment, added over 20 mnutes in the formof a 250

of the s@E§Wdsirt-2dju8QH 983, 596k to MlGatidncaki 156?| THe resulting filter cake was
(SI 2: Na20O) . Wiile maintaining the tenperature at 90C,

washedt\ﬁﬁ'l WL H%a& lbé'éd'f %Sﬁga%edstb %W"Q‘ %%%ga%s?%tito% I—?Bf ’56, in an

m nut es, decrease usi ng queous
sul furi,c aci ol ution..Follow ng a digestion period
amountgﬂuaj!go menvmlglgt,osffqyy/grgﬁgmgl}. by wei ght of final
i gment, was added over 15 minutes as a 357 gramliter
gh@%ﬂ?dwm-mhdaﬁl@ﬁﬁcm was$ibsequsntlvre-dispareadrin avatarrgth agitation,
the pH of the slurry between 8.0 and 8.5 via the
in the peedeticeiof .50 BbWetitibazagd os pignnit,cofacisSéh byl height sqebss aiution of
was allowed to equilibrate at 9Q0C for 15 m nutes, at

ammonitii £ifcoR9l CrbdMag RbbPActivh Qir&rili'zie é%&?@&% @ep’i‘éieﬁﬁﬁﬁ@. 1%Pby weight of

5.8, prior to filtration whi The ‘resul ting
rishd e SBER BRI Ul B Bl G I B Sgin

.an t equal to. the i ght of recovered pignent. )
approxiRis e Lpdy e.of @rgrﬁerﬁ-ivﬁeerw%pk&a@n%@ma%m gpray dried

. re-dispersed in water with agitation, in the presence

using aroAPY. OgidRSINE] fprey BugedlrowngisghltViSilkeforg Gasank), maintaining a

wei ght aqueous sol ution of
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.

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
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amoni um zi rconyl carbonate (20% active zirconia
equi valent), representing 0.1% by wei ght of finished
w@r@soe32e0f deposited zirconia, to yield a titBeli/Uuf007/022059
di oxi de slurry containing approximately 57% by wei ght
of pignment. The resulting pignent dispersion was spray
dried using an APV Nordic PSD52 Spray Dryer (Ilnvensys
fluidity Ab\SpBiyl degimgy op, tudenesmtifg in aeirresporiingly bongey@cla-tihe ind higher
tenperature of approximtely 280C, to yield a dry
energy &dsgyrent powder. The dry pignent powder was then steam
m croni zed in the presence of 0.35% by wei ght based on

. ¢ . . iy
SRR B TR RLORAN G ] OcR, FLEATAR contentof
. pressure set at 146 _psi and mi cronizer rin ressure
the Plglg?é%t péec{umfgafﬁgrcfmg:@ﬁﬁ? HVEREve qug%@aermlg Yig Known X-ray
preparation. As a conparative exanple, the sane
fluoresqenesctechniqued etitiring ad® AdNadyicahR 3V 2464 dpeetdomdsert (PiANalytieal B. V.
absence of the addition of the anmoni um zirconyl

AlmeloC BN @t tarids § g th appfopria: satibeion $esthndeds dhdfmhdtfigcorrections.
cake. The om ssion of the anmoni um zirconyl carbonate

PR BB SR W R0 el
accordiﬁgﬂ%ftb; hlgq;:g%mft?ﬁeﬁ]&%g%tf ilggl 1?)}12'%1%%1%'8{ }ﬁb{t(%ra}afpﬁ%a tigirty{vggdetermined
... cycle-time and higher energy costs. To confirmthe )
utlhzmgé@é@%@fqylp dpgreraenyest i T.dnBespwnbridge prd b K- Brande aBlatocatal wec
zirconia content of the pignment produced according to
Activityt ofeT itamunen Divd de Raymeng’, Sagacef @rringn ddsval i, Boptembet- 19899, pages 6-
fluorescence techniques utilizing a PANal ytical PW404
11 (papsiRescnfie e 1BAMMHET SCA AR onVenttiPkAh, Whh., September 1990), as

Net herl ands), with appropriate calibration to

S rds. rd X r LORS, : TQ et erIy .
reteren G IAGREBLRRh (o gl 000y PP BT g 02
osited zirconia according . .to the process of the

of the T?ﬁgmgﬁtwti%% Frli0d SPecPEioRifr STpbSBRRPaIa) (2 ©xrasingthe Tifdes

determined utilizing the techni que docunented in T. I.
/isopropan@k/mpo@igi@na@ dltiz-violet ligrtadd monithong thetfatnyation 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 values 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
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Activity of Titanium Di oxi de Pignment", Surface
Coatings Australia, Septenber 1990, pages 6- 11 (paper
wpe@sessed at the 32nd Annual SCAA Conventi on, PCEUS1907/022059
Wash., Septenber 1990), as referenced and described in
U S. Patent 5,730,796. This involves the steps of:
(1) placing 0.2 g of the Ti O product in 40 m of
ammonsIipezitcongCegpbanaty rdgent sipfon pleen@mpativeex gaplerognitting ticiatthent with
/i sopropanol conposition to ultra-violet light; (3)
this matéRRI. toring the formati on of acetone in the test
conposition over tine; (4) determning, by |inear
regression analysis, a li ggL (rate of acetone
formation in the test conposition; and (5) nultiplying

the cal cul ated.rate value by_a factor of  1000. The
resul ti i’bgfv%ﬂt %é‘c?‘i“é&ﬂﬂfeé‘& m&ﬁl’wtgw%m‘s&ﬁlw @alue

Photocatalytic Activity (or HSPCA) slope) is

Bicopot Samoplal t o | Meagived doredrah gontentr(es.pohse of HSREA slope

pi Br@npleupon exppsure to ul prigviolet light, and 1.1

Conﬁﬁi@%aﬁ]ﬂ[@?sure OT accel ahad ed weather|ng 25

performance of the pigment product.  Smatter —values
i ndi cate greater suppression of inherent titanium

| oxi de pjgnment phqtocatalytjc actjvity resulfing from
?ﬁ%éﬁéﬁfqd@iegmwmgﬁna rﬁi@ﬁa&rwﬁ%@% eleriylusiratzthe ayehprocess of
onto the pignent surface. Results are provided in
the instapd iphvention versuspyodassesroff itheepran autp Wberierrcdagaiding toithe mwentive process
vi a theanmoni um zi rconyl carbonate reagent and for the
zirconiZCig dBpdsattd vatoexaamiLm diokité pipeheht RBI1ERIBS dividdithe E)iig‘rnent, the pigment
material. Table 1 Pignment Zirconia Content an
. L Co IS . . . L otd on
having 15%13&6%83&@ thérkn /ﬂﬁv\% fe¥io ?éﬁeg@lsﬁﬁgﬁh&?%@ Orfde sﬁltfilé%

ata provi ded above c strate the nove

rQ s, of. the ipstant.invention.versus processes of
neatmefG8F EPP4 it 1 4 1% fhima G 5 ¥ RROERT R ea
prqcess. zirconia is_deposited onto a tjtanium dioxide .
manufagfpdng pICACY & aehicyedityough the goppigimennf the HEconiagigagiment and drying
havi ng had deposited thereon, in two previous
steps, aswellien{roml the slewened dyingatimnes and rdéued rehergg consumption. The resulting
titanium dioxide pigment would be particularly useful in the production of end-use articles and

compositions including plastics and coatings.

Example 2 and Comparative Examnle 2

Particulate titanium dioxide pigment intermediate obtained 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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treatments of 3.0%silica and 2. 0% al um na (both by
wei ght of the pignent). |nproved manufacturing
wekdosoeBecy i s achi eved through the conbi ni ng PET/UR®07/022059

zirconia treatnent and drying steps, as well as from
the shortened drying tinmes and reduced energy
consunption. The resulting titani um di oxi de pi gnent

smaller \titanl Gd6 omigrend, as ddtamtiyedistdizihg 4 MitfoerapXd 00 Phiticle Size Analyzer.
end-use articles and conpositions including plastics

FREreQihh BRSry, EX@BPLS3 (2% 3PP WAERL WAShERtAMBI B°€ then treated
Particul ate fitani um di oxi de pi gnent internediate

. i pe e..oxi dat | ' '

wit 3 PRAAEAEHAT S05e FA PRAGG B SR oS A HERTh e fom o
dispersed in water _jn the presen f 5% by .wei ght

a250 gr@ﬁ&@@a ageops )31116Fte§8lﬂlitleﬂ1(§'§z %Bap‘?{b@%m@ammg%he
di spersant, along with a sufficient anmount of sodi um

temperatwrd adR0°ds theopldf thetslurhewat-slowly, heerdi pepied of 6H ntiputas, decreased to
least 9.5, to achieve an aqueous dispersion with a

5.0 using@5P4iby Gelphe Aduedhs hfirilacideotition. FélRWias bldidesGon period of 15
titaniumdi oxide slurry was sand mlled, using a

. e e . . ¢ ' .

minute 2 0FEBRAR0 v e TE B WA A blc oy ntmndth e B ofa
t han 90% of the part.icles were |l er than O.

357 grapy b aauco s sodira ARmiBale SR, Mg canfipiaiiee the o e shury
Particle Size Analyzer. The resulting slurry, diluted

between @ va3oewE $0iand 8y viadheyiditionsns 23&@aqorsosudidcc abidn
treated with 3.0%silica, calculated on the wei ght of
Thadispgrsignevis alladedth auélibra® atPord fos 15 mihdes, aowiichfpoint the pH
250 granm | iter aqueous sodiumsilicate solution (SiO

of the Sl:l)lﬂ@' v@s-re-\ﬁhj dlsf‘ed'I@'S.@t, ﬁfi&'l B WRRERG! ?ﬁ@rg@l})}%ﬁ%&r daRE was

of the slurry was slowy, over a perio

washa AR ASABF, 0y R8BI BBl o

of 15 rE nutes, 2.0% al um na, by weight of final
amount eauaide the Weight-ofaecovered pigmenti nutes in the form of a

357 graniliter aqueous sodi um al um nate sol ution,

Whé Weshedisemabsolidiiterivekgansubisbmestly re-gispasadean minmlmemount

of 8.0 and 8.5 via the addition of 25% aqueous
of wateSWith Wit&ioRGind in the presence of 1.0%, by weight based on pigment, of a 45% by
weight aqueous solution of ammonium zirconyl 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 set at

146 psi and micronizer ring pressure set at 118 psi, completing the finished pigment preparation.
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The di spersion was allowed to equilibrate at 90C for
15 m nutes, at which point the pH of the slurry was
WO 2008663326 ed to 5.8, prior to filtration whil eP¢DUS2001€22059
resulting filter cake was washed with water which had
been preheated to 60C and pre-adjusted to a pH of 7.0,
in an anount equal to the weight of recovered pignent.
Ak e comphmatlve exampde)| thelsdnid precedniak deserbedsabos e giae napiegted, but in the
re-di spersed in a mninum anount of water with

absenceaffithédd doredtthé Amind@iudi SiseHgEcbonkhtdféngdhy to\dle Sitshdipsat-solid
on pignment, of a 45% by wei ght aqueous sol uti on of

i - Q - i F i . I
er oI SRR i F AL KanBLa) i i
i gment. of deposited zirconia, to yield g.titanLum . ..

of the SEOSETIGIr Gtodovt By RetsGt tymiteh P ki ieg adiona ity uidicy for
of pigment. The resulting pignent dispersion was spray

spray dryfrige th tusn regulsing iPycouesgpadipgpiongspeyoje-Bmeeand higher energy costs.
mai ntaining a dryer inlet tenperature of approxi mately
PROfigmiet pro@hictdacebrdingitg trihvdaee @kample avad tastdd forRekirconia
powder was then steam nicronized in the presence of

content %s o%%?iﬁé’d V1 o) %llh{qu% g,sﬁq 13th Bk %%gflgé;é}]&t éd;/\ng%iﬁfyﬁ ?1' ments were tested

X
r ane, utl a steamto

2. ith.a steam i njector. essur et. at 146.psi.

for phofie iyt 58t hh e sirbenaRTIE § RSkt hsmidiip Tble 2
the finished pignment preparation.As a conparative
exanpl e, the same proceduf@bléidscri bed above was
repeated, but in the absence of the addition of the -
amoni uiigment divgbnia lontema el Pleageatd]l ytioA ttimatyvdashe d
sem -solid filter cake. The om ssion of the anmoni um

Pignt0 BhmpR! DONAT RIAGREE PlrchiA cotert (WEWd) [ €0 JHSPEANIope

Or el IR oM -Sot rpTTTrer cags o, 35% by Wei gh[£| m0.9

|

- o A PPN I N -
C VWAl I 1Al Ul reci LD AaulirT ©vc SUT 11T UT T111 IrTUururt y TU1 4
o © Nl turn racul O 1n_-a corrhcenandi nrz'\/
) H—+—uHH——estH-+h R ce-espohathRgy

<

N onger cycl e’-ti me and hi gher' eﬁer gy costs. 'rll'he pi gnment

produced according to the inventive exanple was tested
Example @ faitherolustrates themsvehprodess of itheaidstant ifxeniohewligrein zirconia
and both the inventive and conpari son pignents were

is depodite8 batd 4 ManiRhodiogidt pignidng irfGk ip¥ddeds ofadk d}f/i&hg tRESIS e RS the
in Exanple 1. Results are provided in Table 2.

pigment in question having had deposited thereon, in two previous sequential steps, 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.
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Table 2 Pigment Zirconia Content and Photocatal ytic

Activity Value Exanple 2 further illustrates the novel
wee@sees20f the instant invention, wherein zirPORUS200%022059

deposited onto a titani um di oxi de pignent in the

process of also drying the pignent, the pignent in

guestion havi ng had deposited thereon, in two previous

Erquplniaad Conmesativiefixagmid ¥ oxi de surface treatnments

of 3.0%silica and 2.0% al unina (both by weight of the

PargibBaietitadi RIdAEde pRfiehemidimedigtceibidifdEMen thSvapor phase
achi eved through the conbining of the zirconia

oxidatlotnh {L&Iﬁ% t%?a&l g)'érf’ﬁ'te ?ﬁ%téfnﬂﬁl .?%%%@%i-gﬂaz%&dfyg&aﬁgs r?p{SEd in water in
the presgge%t 0 by hetatr Psehon ﬁ&)gpﬁ%gcﬂ%'égﬁﬂgﬁlt hraRRpRwhate dispersant

articles and conpositions including plastics and
along withat suffggeramophtof3odiuh Inalrpedeata addusedaeryH ef the dispersion to at least
Particul ate titanium di oxi de pignment internediate

9.5, to aehicat B dqdcoasiisp@sivamith A conbRtf 36% Wf weigh@ Mhel Rsulting
tetrachl ori de containing 1.0% burned-in alum na was

f
tmm’?%&@?‘éﬁ%‘."gﬁ%ﬁ? l“%"ﬂ 3 s A L R
er sant suf.fi.ci ent angun f di um

until o UTRE ATeaREa msPl St n g iEran B BAgiogHe oigR pificles were
| east 9.5, to achieve an aqueous di spersion with a

smaller glegan; (463 @éﬁﬁpl@nﬁs deterogned, g,tl mmggthlcrpﬁéc X499 Pgl,'tqu: Size Analyzer.
titaniumdioxide slurry was sand mlled, using a
The woulting shirtyodihutgdreeni 0%msolgtstbyrwtight, ofis Hedtal th,900@ thdn teeated
vol une average particle size was achi eved wherein nore

with 3.099 31lc8 XY Rfatddeh Makidi gt tﬁ@ﬁhﬁl BIERehE adddiPdVeP 26 %nnutes in the

m crons, as determ ned util |Z|ng a Mcrotrac Xl QO

form of{:> ?5@@30 Solférgxg é(‘ﬂ_@ sx&l s1lT&1?e 5 e@ﬂ?;oﬁg@cw}ﬁlg ereHBtggnng the
treat th 963 I|ca calc Iated on .t he ht of

tempergfyyg af 5@7 th R}i@gf he SUHFEWALRNEF 228 TRTHIGIEEOd ﬁlomg%md toa
of a 250 gram/liter aqueous sodiumsilicate solution

value of 50 asiga2Op by Weiight agudons aulfiiriecacidhgolution. Following a digestion period

of 15 minutes, 2.0% alumina, by weight of final pigment, was added over 15 minutes as a 357
grany/liter aqueous sodium 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 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
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tenperature at 9CQ0C, the pH of the slurry was over a
55 mnute period slowy decreased to a value of 5.0,
Wa@Ig008963326006 by wei ght aqueous sul furic acid sol BET/U82007/022059

Fol  owi ng a di gestion period of 15 m nutes, 2.0%

alum na, by weight of final pignment, was added over 15

m nutes as a 357 gram |liter aqueous sodi um al um nate
ammongm zir¢omy! edrborata@i0t ative mgedrha eqpivalént), mepredenting 0.5% by weight of

between a value of 8.0 and 8.5 via the concom tant

ﬁmshecﬁﬂgin‘éht%f dRposifedozAEsRRUS yiid & Htdnfurd @ictide INEnHEcHRAABEON
was allowed to eqU|I|brate at 900C for 15 m nutes, at

s .
approx1§‘ﬂge(f§1 8?%0 wé@?‘c cff{f)' é{)?nté EFh Je%“lﬁ%%?@ﬁlrah?dl% ﬁl% ggs E]S)ray dried
fil er ca washed with water |c;h had been
using ah AR ?%Dm%%ﬁeaamgp B peeaf Yy Blepigmperaurg of j
an am)unt equal to the weight of recovered pignent.
approximtatel ya81964 toswieid asdiyipighent pewden Tbe despigmenieppyeder was then steam
re-dispersed with agitation in the presence of 2.5%

microniByd Weth@ pieséirs f 035 %bgweipht baxkd an Hithdiy of\eingdihylalprepaite,
sol uti on of anmoni um zi rconyl carbonate (20% active

utlhzmgé Eﬁﬁﬂ tgpf?’&r@é @Jng'B } iolof Rl fiid Qn? rﬁe@t&%’pr%hﬁ%ﬁ%t 146 psi and

nt o epOS|te zi rconi

tani um di oxi de .sl urr nt aini pr.oxi 63%
microniggy G BRRSU b GHB S cYmeRnBE Ufe g BT Pirmeibs) on
was spray dried using an APV Nordic PSD52 Spray Dryer,
AdiarpBIPATatiye sxamplerthe panes proseryes desaribedysboxp mamma&ea But in the
28Q0C, to yield a dry pignent powder. The dry pignent
absencepafitbe additien 6 fthe ashealnmizizcanyl zatonate teagem teteneghaf semi-solid
0.35% by wei ght based on pigment of trimethylol

filter caﬁé 0/9 @ﬂﬁtlod&lhé teghindl &¥ (AL SaM-doPdRiIRIBA WeHhig B&m%ﬁﬁﬁ&é &Jample to
.5, wWth a steaminjector pressure set at 146 psi and

35% by%elélﬁmh nrbgdcgrtg ?&HE\‘% s%% 1gr¥t ﬂ]tl}(ﬁgp % %%QRJ ?g wri'gch in turn

p ren prepara
exa e sane procedure descrlbed above was
resulted;ig a%&fa &y aflmwﬁeg%geﬁgzé °OftS-t he addition of the
annnnlun12|rconyl carbonate reagent to the washed
Sherpigewht proflideddry the kwentivediNampleowasigsted éqzincenia gbntehtes in
sem -solid filter cake in this conparative exanple, to
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 Example 3 none 24

Example 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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35% by weight in water, in order to achieve sufficient
fluidity for spray drying, which in turn resulted in a
wO 200g0633e6/cl e-ti nme and hi gher energy costs. TheCPUSMTI022059

produced by the inventive exanple was tested for

zirconia content as in Exanple 1, and both the

i nventive exanple and conparative exanple pignents ,

oxide swrace tieatnients df3r0%Isdiceand 210%4 alomact (beih by, weighi of the pigment).

described in Exanple 1. Results are provided in Table

Improvéd maREh&usnd e iRty &l dcRRVERhEAPhERE cANSNARAIf AAdiRlowial theatment
Activity Value Exanple 3 still Turther illustrates the

v P € 1l | .
o 108 PP B S BB NGO AT A0S S consymotion.
in the process, of. dryin e pi. t, the pignent jn
The resyjfjng fifapiion dipvis maae%é*ﬁgéﬁs beabtifeds H?equﬁnﬁ%prﬁawoaﬁ end-use
~_sequential steps, inorganicoxide surface treatnments of
articles gnd)gomspdsitioms anpdudingplastiasrand sodqtingsh by wei ght of the
pi gment). | nproved manufacturing efficiency is
Bgdihsie ddint l0op@kativB Examipte i ng of the zirconia
treatment and drying steps, as well as fromthe

%Eﬁl%Qﬁaxﬂﬁﬁ’lid?&i&é %egflﬁg&e;i—@%%%b?ﬁﬁé%%rﬁﬁtﬂ&f bRARe

resulting titan e pl gment

... particul arl eful in the. producti on of.end-use .
oxicai it tu R ieacifRig8 and Potre ik PO AR Faief BYsie tatice was
) coatings. Exanmple 4 and Conparative Exanple 4 )
dispersqugintwater inthe preseaes off- 48 @bydeeightdhesed on pigmenseizpodium
obt ai ned fromthe vapor phase oxidation of titanium
hexametaphosphbiealispdesant) dloa g miithi asufificint@¥cantiof sodiunnhydrexide to adjust the
crystalline lattice was dispersed in water in the

pH of tH¥ cgﬁﬁ‘-:%i@n Rfa BintSUnVaINEH AN, 16 Raseskt fih BE&[EPdeEﬁ%n with a solids

sodi um hexanet aphosphat e di'spersant, along wth a

d,Gl . unt of sodi um hydroxide to adjust the pH
content%ﬁ%ﬁ’gﬂyﬁ%%@gi on to a mninmumvalue of 9.5, to

hi . , . | ¢
'ggg/%eg;lgag B&%%q It e?il%?(id%l si?r%f \§vlaso snan\clinngiﬂeci uséglgl adzslrccc:)g ane -tto-;%gment

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 slurry 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
gram/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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The resulting titaniumdioxide slurry was sand m || ed,
using a zircon sand-to-pignment weight ratio of 4 to 1,
W@ aaosl6326/0l unme average particle size was achi BUBUS2007/022059

wherein nore than 90% of the particles were smaller

than 0.63 mcrons, as determned utilizing a Mcrotrac

XIOO Particle Size Analyzer. The slurry was heated to
dispersib) @as dwindilferaiwhibe botpH of about 5.0 using concentrat ed

sul furic acid, then treated with 0.25% zirconi a, added

TH@fe%Mn?ﬁlt@r CdRQ veks aHshdd With a6 BROUSt FIWRQMVHI®h had been preheated
orthosul fate solution, over a five mnute period.

° f
to 60 C’%}lﬁ?}'fe gﬂasst@cijng)l% Ig.%ﬁ Z é) E(ﬁlﬁ%@éﬁg Q&%@?ﬂo? fk Qesf'g& é}%&t}%}ht gwashed
0
filer caliE R pitBSq Bl N4 FIoBrBol BVt %é“a%ég;? %E@ér?c'e“é 35% by
grani|liter aqueous sodium al unm nate sol ution over a
weight based e pigmantivBtrivasthydol proparienand he%abiylweight based ohgigment, of a
sodi um al um nate solution, the pH of the slurry was

45% byrwdightaigieshs Reluviee bf @nth@hklﬁl gitcobyDcaabshate Q0Yd #tivBeirconia
addition of sulfuric acid, prior to an additional 15

equival{ﬂtf lféé)‘:f %h&ﬁ .anbfﬁr %ﬁ};& %rgi_g}re %ﬁ% Heﬂlggﬁ& Eﬁ?&)ma to yield a

th an.anmount of whi Ch had been
titaniur) G s Lk P BARP B B St YOO GRIGRET. o,
equal to the wei ght of recovered pignment. The washed
The resvlting Rigment dispersieq reastspiay deied usipe as ¢V Nowdie BED52 Spray
wWth agitation in the presence of 0.35% by wei ght
Dryer, thaiatathinga diygritiét tehpéraiupedfuppedxipaepal89d°Catod/idld @%ry pigment
wei ght based on pignent, of a 45% by wei ght aqueous

powder SPhedrly PerRént %BWHEF \%E thek SO micRMPRA AR R W6i8R | tovﬁigment
zi rconi a equi val ent) repr esenting 0.2% by wei g

lep zi.nGoni.a
weight i P TR et PP BB e 130 B Pl B g ppessure s
by wei ght of The resul ting pignent dispersion
at118%§0@B%39gmf§a%§|w%Pwmpdl c PSD52 Spray Dryer,
mai ntai ning a dryer inlet tenperature of approxi mately

AsaCpmparativeexhnzplelthe pingpnteduondiscribeirabore wapiapeatad, but in the
powder was then steam m cronized, utilizing a steamto

absencefdfgheesddition 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 Table 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
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wei ght ratio of 2.5, with a steaminjector pressure

set at 146 psi and mcronizer ring pressure set at 118
wW@3008/063epl eti ng the finished pignment preparat PORUSA87/622059

conparative exanple, the sane procedure descri bed

above was repeated, but in the absence of the addition

of the ammoni um zirconyl carbonate reagent to the

zirconiavig deyeditedonte aditardurhididxéde pighent iihbe priogess of drymgthe pégent, the
' according to the inventive and conparative exanpl es

pigmentRifhetRatdegodiea t}?drécﬁp[ﬁ BvCRBliBhs seyehtiRi SlepE Aorkatli¢ 6xide surface
activity as in arrpel Results are provided in

wearmess Bt G231 ARBHE AdP) "?W% (AR it e Pty ppgrpved
|1 h f h t ant
manufa(%twégs]% @{;ﬁgx\}@éﬁgy@g o gﬁqs éorglélﬁ%mgsqf élgesqggg%i zjrconia treatment and
titani um di oxi de pignment in the process of drying the
drying sgrpgrEret resultieg plagivendiokaieiprgmérd avonibpospargchlathensedn in the
two previous sequential steps, inorganic oxide surface
productioh @&t HRMHS. of 0.25% zirconia and 2.8% al um na (both by
wei ght of the pignent). |nproved manufacturing

ﬁ{rﬁlﬁég%gdoﬁmgpatgllvg‘éﬁgm{)fysough t he conbi ning of the

Second zrrconra treatment and drying steps. The

sultln tlt ni di oxi de nt . wou
i"i‘lﬁtﬁl ??g%‘rfﬁg plgweletﬁgteﬁfpgfﬁﬁ ﬂbaaneé?fr% thei Yager phase
nple 5 and Conpar ative Exanple 5 Particul ate
oxidatiop qf@mrmnnmtwhl@edpuagd@ﬂmalmn&} Aoplaminaghitaicrystallinedattice, was
t he vapor phase oxidation of titaniumtetrachl oride,
dispersedria waeentimthei preseiicesdh (a1 8%aiby avei ght i(based by seqdi L) of sodium
lattice, was dispersed in water in the presence of

hexamefApA&phM¥ d1ERRt daB a8 A Hﬁdr@kﬂg@ﬁ‘ttﬁ)cwﬁf toddfilst e 0pH of the

hexaimet aphosphat e di spersant”™ and w th sodi um hydr ox

dispersioQr u of %ﬁﬁr@fmval@? &@S %, tg E)go 354 Kol wggwd g%ésd(e&g%n%%§o§}d8 gontent
of 35% Il;]y weight. al"hséorleéu?t?ngct?tgrtu%pnt dioxide slurry was subjected to sand milling, using a
zircon sand-to-pigment weight ratio of 4 to 1, until a volume average particle size was achieved
wherein greater 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 60°C and acidified to
a pH of 2.0 using concentrated sulfuric acid, then allowed to digest at 60°C for 30 minutes. After
this, the pigment slurry pH was adjusted to a value of 6.2 using 20% by weight aqueous 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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of 35% by wei ght. The resulting titanium dioxide
slurry was subjected to sand mlling, using a zircon
W@ 200806332901 gnent wei ght ratio of 4 to 1, untilP@&r/usioomne22059
average particle size was achi eved wherein greater
than 90% of the particles were smaller than 0.63
m crons, as determned utilizing a Mcrotrac Xl OO
semi-sold fil ter¢ake Sias subseqhantlyre-didpersed Buwstengith hgitatipn iolitheyprestnce of
to 30% solids by weight, was heated to 60C and
0.35% bChé bht tRded 6h ﬁ';‘igﬁiénpéf A tHi$d1 oy aedt 1084, ¢ vwigHt Bhded on
acid, then allowed to digest at 600C for 30 m nutes.
. . K . . 0 0 .
piementhf £15% Mo bR ATOhusBh UE it 2o O L S Bl oo arive
. . hydroxide solution,_ fqllowed hy digestion f an ..
zirconia Rag BlegHaT PRI 26 Bt ?fwshgg pigment Pﬁiﬁdﬁoaqumma, to
of the pHto 6.2, if necessary. At this point the
yield a titasiper dipxide slagry fcohtainirgiappnoximatetyt 35% ey wedghtlof iprggent. The
filter cake was washed with an amount of water, which

resultind pignie@edispereit g alae dprap 4660 Gsingen PIPF RejdisPSUS51 Spﬁﬁ Drye
7.0, equal to the weight of recovered pignment. The

. . 1= i i ¢ tl .
maintai B 8 O e SPinp ol DBl BT S BB by pigment powder.
of 0.35% wei ght based on. pi nt of trinethylol . .
The dry B Rl @oWAT o060 BFARER GBS BHIANS 47 EARL R e Ssigbpratio of
. by wei ght aqueous sol ution_of anmonjum,zirconyl )
2.5, witl 3 stsamanisclop pesuEe pef @t 44 s andimaeronigen réng pressure set at 118 psi,
representing 0.2% by wei ght of finished pignent of
completiteytbs finstied pigoent prepdratigni.el d a titani um di oxi de slurry
cont ai ni ng approxi mately 35% by wei ght of pignent. The

K88 dbhbaatind é&!ﬁ@d}ﬂ WS RASHrOELANRSI IR R BblEFas'RbBbedBut in th
APV No?dié PSD5 eéplray [Sc?%/rer, mai nt ai ning a grl?le)r eebutimthe

[ I e . ' (0] t ' PR

absence é)?it/l?epa}dtélﬁtemnﬁ[ J%%%%E%ﬁ&%é&%&%%&%%& tro t\%%ya?%egns%ml-sohd
team m croni zed, utilizing a steamto pigment wei ght

filter cakeyt j o of 2.5, with a steaminjector pressure set at

146 psi and mcroni zer ring pressure set at 118 psi,

Tempeeeitryodived fin thedheutive gremmle prae pratedtfbozircoAm cantent per

conpar ati ve exanple, the sane procedure descri bed
Examplabpatel beals pighieastvede tddteld fonplidiscatalytic activity also as described in

Example 1. Results are provided in Table 5.
Table 5

Pigment Zirconia Content and Photocatalytic Activity Value

Pigment Sample Measured Zirconia content (wt. %) HSPCA slope
Example 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
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absence of the addition of the anmoni um zirconyl
carbonate reagent to the washed sem -solid filter
W@ 2008/063Bhe pi gnent produced in the inventive eRERPE®07/022059

was tested for zirconia content per Exanple 1, and

both pignments were tested for photocatal ytic activity

al so as described in Exanple 1. Results are provided
pigmen{ inteTiabdiate5SImfrain¢dmsnitaginemg efficienoyiseag@machievedithdgough the

Phot ocatal ytic Activity Val ue Exanple 5 further

combinink lof e AicOfiattRatnien MithRh© 86 Qé&). tTthe résifirdntitanium dioxide pigment
i nvention, wherein zirconiais posited onto a

producegiiﬁn(gl’rl]& P%thig%lEHﬁugéf?lﬁga e néxﬁ?ﬁ#ﬁ)n&ﬁ?ﬁ&-ﬁg‘e @'Eiclgge ?Ql(p&)rﬁ&%itions

ZI r coni S instan
. however, gelna the only wet inorganic oxide treatnent
comprisigpEmgnted piasies gnent i nt er nedi ate. | npr oved

manuf acturing efficiency is again achieved through the
e tive Fxample G r eat ment with the drying
step. The resulting titanium di oxi de pignment produced
Partitulath eitqadiirh ideoxidy pigmesicihiermediafelo®tadicddisih it vapbr phase
end-use articles and conpositions conprising pignmented

oxidatiodl #titdrsdn t&?‘a@ﬁﬂh@c,@nﬁ&gngﬁg@ﬂgw MEmsaARs € taélaltinée lattice, was

Particul ate titanium di oxi de pignment Inter [

. bt ai ned fromthe v hase  dation.of titani.um
disperseddp kR i e CptbseniCe D oAy g o R it AP
crystalline lattice, was dispersed in water in the
hexamefsphesphate diperyantgdengwitk pufficiepbspsdim bydrpxigadmedjugfthe pH of the
sodi um hexanet aphosphat e di spersant along with
dispersisnfd a mimunseaduaiof h§.do gidldien hqueads dispertibe with aodolidheontent of
di spersion to a mninmmvalue of 9.5 to yield an
35% by ati€RUBhHieSHEAS LR BidxRle SRyt aCRBRRY t8Sanda XY, using a
wei ght. The resulting titanium dioxide slurry was
. j eC . Lk 4N i rcon . . .
zircon S%Q-ﬁlgﬁg{lg \%%%ﬁﬂ\%g?l) am By, it B%0 FVETags R?qucle asq;:o\iv%?r%hleved

rati o of

. average particle size was achi eved . . e
wherein more than &O%A) of ﬁ'le particles were smaller than 0.63 microns, as determined utilizing a

Microtrac X100 Pérticle 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 granv/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 slurry
pH was adjusted to a 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 to 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
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wherein nore than 90% of the particles were smaller
than 0.63 mcrons, as determned utilizing a Mcrotrac
wWXp@®oe3sed i cl e Si ze Anal yzer. The resul ting slRPCT/Y$2007/022059

diluted to 30% solids by weight, was heated to 60C

acidified to a pH of 2.0 using concentrated sulfuric

acid, then treated with 1% al um na, based on titanium
weight witbxredeyeredipigtheas The 3&Ehagt semiisplié filtereake was sulzkequmntly re-

alum nate solution. During the addition of the sodi um

dispersed| il WabatvAtSaitatib® th the PeesBiteQIf 01354 BY Weldht B&Rd on pigment of
mai nt ai ned between a value of 8.0 and 8.5 via the '

. o FUric A : : L P
vimets A0 0 LWL BP0 B bk o 9551 DGR ks
. adjusted to.a pHof 6.2 with additional su]furic acid,
Solutlonr& arrawauwlrapﬁé SETPORAE 640% ﬁcfawwqomaqqulivs{em%nﬁwéergtng 0.2%
_60C, followed by a final adjustnent of the slurry pH o
by weighpotgfirisheftpagriens pf depasiedvaiscaniia, teyiel aviahimmhdipxidgighury containing
resulting filter cake was washed with an anount of
approxif@Xely; 3 19k by . vikighettof i gnest.cl hel rosviighpiginent disperdomwas §tay dried
pi gnent. The washed seni-solid filter cake was

using arﬁbipﬁ’%ﬁf&tﬂ’%%%?gi%ég g}iﬁgmiaﬂltéﬁihg 3 Megr?m@gﬂe EiafRRe g?

the presence wel ght “based on pi gnent

A 0 rapane and 1.0%. b i ght based on
approx1&ai§ﬂ€%?{t¥bo¥o ﬁelggo}g]r%yl%?xé o w‘ggu ig%grygagwﬁ?t w&%r was then steam
) .anmoni.um zi rconyl _carbonate (20% active zirconia
micronigg, utihiziag # steamdp peeyent iweaghd ratin ofy2. wavigha stedm finjggtemprgssure set at
' pi gnent of deposited zirconia, to yield a titanium
146 psi dndmiiaenizénringypressateadenatnid 8g3[ rcomiptating ithe fah Sheldypi gvaéerg Ipteparation.
of pignment. The resulting pignent dispersion was spray

A5 b @FmperafiOe Sn¥TY (oS Lprosidade RREAYAANSOE was repeated, but in the

mai ntaining a dryer inlet tenperature of approxinmately
- VI . t . I . .
absencef e od ot Ghifc Buflofi HERY) BENOIRLs red i ] e B e sotia
I gment weight ratio of 2.5, with a steaminjector

ﬁltercag‘?'essure set at 146 psi and micronizer ring pressure

set at 118 Esi , conpleting.the finished pignent _

‘Phepigmgni efrihe myentivesnompa Westestrd fqylzirconih eortemteand both pigments

procedure described above was repeated, but in the
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 Sample Measured Zirconia content (wt. %) HSPCA slope
Example 6 0.20 16
Comparative 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
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absence of the addition of the anmoni um zirconyl
carbonate reagent to the washed sem -solid filter
W@ 2008/063BR€ pi gment of the inventive exanpl e waBCT/€5108T022059
for zirconia content and both pignents for
photocatal ytic activity, all as described in Exanple
1. Results are provided in Table 6. Table 6 Pignent
of 1.0%zZilurnoni(by Gergheof thapeznRintt doptoaky tiaoufActuring efficikalcyas achieved
Exanple 6 further illustrates the novel process of the
throughi th& EAbinind\6TMhd Aroonidtedathéht 34 fHCABR dA/iAS stehe PORirb KA Yit@nium
a titaniumdi oxide pignent in the process of drying
. . A (0] .
aioxide pfn Bl SRR be MchCbhPuRIATE e AAGMINGR B Gr BRI and
surface treatnmentof. 1.0% alum na (by wei ght of the
CompOSHIORS SARPIISING BIERANPARIFICSct uri ng ef ficiency is
achi eved t hrough the conbining of the zirconia
treatment with the drying step. The resulting titani um
di oxi de pignment would be particularly useful in the
production of end-use articles and conpositions
conprising pignented plastics.WHAT IS CLAIMED IS: 1. A
process for manufacturing zirconia-treated titanium
di oxi de, conprising the steps of: a) formng a m xture
conprising a titaniumdioxide material in water; b)
wet mlling said mxture; c) after step b), optionally
depositing on said wet mlled titani um di oxi de
mat eri al one or nore inorgani c oxides selected from
t he oxi des of alum num boron, cerium phosphorus,
silicon, tin, titaniumand zirconium d) adjusting the
pH of the slurry resulting fromsteps b) or c) to
between 5 and 9, whereby the titaniumdi oxide materia
is sufficiently flocculated to be recovered by vacuum
or pressure filtration;

25



e) renoving said titaniumdioxide material fromsaid
m xture by vacuum or pressure filtration; f) washing
w0 b@séx3ati um di oxi de material recovered by fiPCT/EHS100T022059
g) converting the washed titaniumdioxide nmaterial to
a fluid dispersion by addition of one or nore al kaline
wat er - sol ubl e zi rconi um reagents sel ected from
amoni um zi rconyl carbonate, the water-sol uble
WHATASWMUAIMERI[$conyl carboxyl ates and m xtures of these;
h) drying the dispersion to yield a dry zirconia
surface treated titani umdi oxi de powder. 2. A process
£i . , ; tani u D .
1. ArBisl el e o oo teBled el B34, Tyl ghe seps of
pr el ufoeshidg Dmixtuteanimprisingtar titatiler diokde slatgiaBinieqer:
phase oxidation step. 3. A process as defined in Caim
2, bihweemilipg gaid mixHraim di oxi de material acted upon

0e S0 T B 5 ek gy

f or megnd &t thbre ifdrgaiabkidessdlesidd f6mahe bxi@estdftahibhitlin, boron,
di oxi de internedi ate during the vapor phase oxidation

st ep, caHS tbhasnharysy sikieon, tisr Glanive ad zwenivaue been

depgsi t.ed. sad.d  titani um di.oxi.de ternial prior to

op D otifeiuBdn® B crine Fy BB o TR R BLichiadrs apa o
G ai MyvhereBd eeitiniamt o xilO atdidl {sisafficntl9 TR cAlateBE®be recovered
al kal i ne wat ersol ubl e zirconiumreagents, the

r esul by mepunmerressuisdilgriaon;i s characteri zed by a

R T LT T -
the rgRukibhng fluid dispersion is characterized by a

titani um di oxi de soljds content of at |east 55 percent

by fhewgsing the titanium dioxide material recovered by filtration;

g) converting the washed titanium dioxide material to a fluid dispersion by addition
of one or more alkaline water-soluble zirconium reagents selected from
ammonium zirconyl carbonate, the water-soluble ammonium zirconyl
carboxylates and mixtures of these;

h) drying the dispersion to yield 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 c) or step g).
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6. A process as defined in Claim5, wherein the
resulting fluid dispersion is characterized by a

WO 2aoa63326 di oxi de sol i ds content of at | east 6BCPESON22059

10.

11.

by weight. 7. A process as defined in Claim1l, wherein
the one or nore al kaline water-sol uble zirconium
reagents are selected from ammoni um zirconyl

carbonate, anmoni um zirconyl acetate, amoni um

zirconyl fa ures_of any of these. )
priveesss esdehnetim . T fterfhepddition peonsia e Qéaﬂléne water-
[ u [ .
S%E@% FREo A Eartls He Festl M O pERRAT SndherP Y ol Manium
dioxideasghdd condene opatdsasn 60 percentdynesplitc at i on of bet ween
20 and 50 percent..9. A process as defined in Caima1l,
wherei n the anount of water-sol uble zirconiumreagents

%fslﬁpcé'sg Qa &%ﬁféﬁ In @fé‘lﬂ)ﬁ‘? QvéngreQE ﬂi%r}gs&m?gcﬁlﬁﬁ %%%16% Ag\@hggétenzed by

Inis pI gnent eposite oni a

pPriGERSR dasndiaan‘olideebntent@f al lefasl 55pbrens by wéighanount of
wat er - sol ubl e zi rconi um reagents used represents
between 0.1 percent and 0.5 percent by wei ght of

g's[waé%? %Se géfﬁ{éﬁ ejg (feflmdﬁe %:f%“g ﬂ)r?zr%a%u‘ft?@ @I:u% ;d}sgtel‘és\lpo?llrlg Chatacterized by
B eitdniureibxide sﬁsmﬂayordém iofi gt lest 6D pefbebitBr weight.

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

acetate, ammonium zirconyl formate and mixtures of any of these.

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

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

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

zirconia.
A process as defined in Claim 1, wherein the amount of water-soluble zirconium reagents
used represents between 0.1 percent and 0.5 percent by weight of finished pigment of

deposited zirconia.

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

the dispersion.
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