MAKI NG CO PRECI PI TATED M XED OXI DE- TREATED TI TANI UM
DI OXI DE PI GVENTS This invention relates to processes
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coprecipitated m xed inorgani c oxi de or m xed
oxi de/ phosphate surface treatnment. The resulting
pi gnents are useful in many industries including the
RPRK RGO AP PRIER BRXEPPOKIIESHEE RFEDTTHANNIY DIOXIDE
I'ox1 de is used as an opa colorant i n many
i ndustries, including the N , plastics, and
paper industries. In general, the effectiveness of the
i gment in such applications depends on how evenly the,
ﬁng imventiemreldies @ipspeassasdor making sisanivg digxidgpigaents ipeluding a co-
i n paper. For this reason, pignents are generally
precipitdiedialied inorghhie dxadenorafiixad okide/phoshhatedmdfapotuek@ment. The resulting
However, titanium di oxi de powders are inherently dusty
pigment88f dseffl W MHahy irRdRirkk indd@ihg ﬂ@%@ﬁn%i PAper, and plastics industries.
characteristics, especially during fornulation,
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coatings; RBgaS, ke (s By S8 AAPFT REtieRiensh AP plghenm i such
~ properties. To this end, chem cal nmethods of . . . )
applicatippg depengds pphowrevenkydhe piamand sl disparisting foptpS dn Rlagtc or in
been devel oped to achi eve the desired bal ance of
paper. Fpi thiereasap agnentsard geharally hanrddet imrthe farmsof aHgrely divided powder.
instance, it is known in the art that the wetting and
Howeved tapgingi digxide ppedérsase tihetentladustinand feeqakantlyi eghibit [foot powder
" be inmproved by exposure of a titanium dioxide

flow chdrdt&idIRA] ApEciAlRy &ﬁmgeférﬁmaﬁbm%pauﬁaah%,adr@ Iﬁﬁmffﬁﬂtﬁ’lﬁi di@nd-use

process) to certain 1norganic treatnments through the
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ngs on titani um
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’Fc?%h(iesr Lr?c{, cihgmiacgl r?lgtlfl%gg gf Irrrl?)?llﬁ%g]ugr? Iofn gtagium dioxide pigment surfaces have
been developed to achieve tﬁe desired balance of pigment opacity and flow characteristics. For
instance, it is known in the art that the wetting and dispersing properties of titanium dioxide
pigments can be improved by exposure of a titanium dioxide intermediate (produced by either a
sulfate or chloride process) to certain inorganic treatments through the deposition of inorganic
metal oxide and/or metal hydroxide coatings on the surface of the titanium dioxide. Typically
these treatments are accomplished by:

(1) dispersing the intermediate (or crude) material in an aqueous medium using a

dispersing agent such as a polyphosphate,

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



di spersi ng agent such as a pol yphosphate, (2)

optionally wet mlling the resulting slurry to achi eve
w@2mens@id desired particle size,(3) precipitapCHySHNg005394

or nore inorganic oxides such as silica or alum na

onto the particle surfaces of the titanium dioxide

slurry, (4) recovering the inorganic oxide treated
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f|UId energy mll. Typically the wet treatnent
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is acconplished - for pignents treated with nore than
slurry byfibratioay gani ¢ oxide - in a sequential fashion, one

inorganic oxide at a tinme. However, it is also known
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conpared to gnents mhereln t he sane i nargani c oxide
bmicallydde ’s"ég treAReat | depositipr, g gnoggrnice prides dggording to Step (3) is
descri be or at |east suggest titanium dioxide pignments
accomplishedl udlifory pegnoantp treatedi wish exigre rthare @nk riopxganiccoxideé dein a sequential
surface treatnent. For exanple, U S. Patent No.
fashion, 2n8 lidorghRicdigdd ase singe. HMoveder, dngealed kpowh it6Ickémically treat titanium
including titani umdi oxide particles, surface treated
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compared to pigments wherein the same inorganic oxides are added sequentially.

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

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

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



U S. Patent No. 3,513,007 clains an inproved process
for coating titanium di oxide pignment particles
W@ vpn3®@icg the treatnent of titani um di oxi de PECHOBIS/005394
particles in an agueous nmedium in tw sequentia
steps, with first at |east one conpound sel ected from
t he groupconsi sting of water-sol uble hydrol ysabl e
consistilgé])g)ggﬁ% z-ss?{ugrﬁé dlhélglg&ox%llﬁ)glet %B{rﬁgg?&s: égg{ﬂi%glﬂé téiatg.gium, zirconium, and
wat er - sol ub] e dr ol ysabl e conpoun f alum nu .
phosphaiesy pRefrecoq ‘Ié’i ‘Mh abfea%/‘i %%wa@r-?ﬁaﬁsgxyﬁrmaﬁg COmnrllDound of aluminum,
~maintaining the pH of the suspension in the range of
cerium, gplgiuny ar emixturesethgfegfrerbite paistriniad theepld ofitheysuspensian in the range of
process of the invention are said to exhibit higher
six to teni he pigre¢nte pgiducahdecgirdiag tovtlenprionessrqfcghatimantion are said to exhibit
paints. Great Britain Patent 1,256,421 describes an

higher tinflRE e¥ &kt AAE £%Ss (WAEn IcBAforat8d b phinfXi de particles
whi ch have al ready been treated wth a coating of one
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alum num ‘cerium $ilicon, zinc, zirconium or a
: hpsphate,, with an_al kal i.ne aqueous sol uti on of .
particlef ) RER A3 St beRt minicd i SHREHT ol bofnties ar hysipus oxides
. coating. Specific_exanples_ of the initial mxed oxide
of titanipgg R UHERUIE ofEHUMS S0P NG /ZHICOMIAA 0bR Phosphatsi With|apslkpdine aqueous
Such treatnments are said to result in inproved pignent
solutionchfrhgidirdly sapleasldmihws salp te parvidess second aluagzine gpathigg. Specific examples
3,649, 322 di scloses an alum num silicate-encapsul at ed
of the inftif) FBIREAbYidE icbatitigd reodtippisé tieanifAl iy stiftbaia/dliminan§uch treatments
strength and durability in coating conmpositions, which
are said tPreBLE E}@ﬁﬁ’ﬂo%’d FienRhe&hmbilins A010% O isd.| | con oxi de
w t h hydrous al um num oxi de onto titanium dioxide in
ue s{urr. £ S ng: .
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.. . applied in.a single stage, the pi t is further .\ .
titaniuny $I0XIAE oy Ring e GrEPe et and BRI Iy 3itRR kpRggitions, which
' U S. Patent No. 3,825,438 clains _a process for coating =
is preparefdibyrfionpreeiptstiinmeh ysdrgwesiiecongxide with hydous alyeinymraxide onto titanium
oxi de of a nmetal, conprising m Xxing an aqgueous
dioxide dh sgpmesuslualy, ttd tfamhumddnsex colging of aluminum silicate. When the dense

aluminum silicate coating is applied in a single stage, the pigment is further treated with an
additional coating of aluminum oxide.

U.S. Patent No. 3,825,438 claims a process for coating titanium dioxide pigments with at
least one hydrous oxide of a metal, comprising mixing an aqueous dispersion of titanium dioxide
pigment with at least one water-soluble hydrolysable compound of a metal selected from the
group consisting of aluminum, titanium, cerium, zirconium, silicon and zinc, then adding to the
dispersion a polyhydric alcohol containing at least two hydroxy groups and from two to eight

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



pigment with at | east one water-sol ubl e hydrol ysable

conpound of a netal selected fromthe group consisting
w@Rooahsaviierum titani um cerium zirconium silPCDOSHENG005394

zinc, then adding to the dispersion a polyhydric

al cohol containing at | east two hydroxy groups and

fromtwo to eight carbon atons, and finally
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cach oSBT et el oLl i RS, i

m xed solutions of titanyl sulfate and al um num ) ,

sulfate. Sh¢ pigmeentsrpredptegnisnths nspesas ebthedpventionsiap bedisedn g pade variety of
i nvention can be used in a wide variety of products,

products, illutihgaipsi plasticsphrabpapes, and paper. U.S. Patent No.
4,052,224 di scusses a process for treating a titanium
9isOPa gt Mol AeIRR,224Sdi8¢hskds! $ brodeddl FRdreafthgltal tiBni@fm dioxide pigment,
wat er - sol ubl e conmpounds of al um num zirconium and

using first & %ﬁlké‘({’%ola{i‘?rh bPGARIENbR uBEé‘ 8f aluRRAGANifcopHIh 268 titanium,
treatment w T I

an al um num phosphate. The resulting

i gnments ar escribed a articularly useful .in t
and thefh it Ao iptl” Breree si0nRg eaitel i b ey Posphate. The
~activity, and in the manufacture_of paper |am nat efs. . .
resulting ) pEmqpds & dp@;_nbggl 1aslgf}rg}gfglaagsl%§?f%é§ t%ﬁ dnanufacture of paints having
co-precipitation of nmetal oxides (such as, for
reduced @katmpohenical aotivity, anddntthe manefhcture of paped kammaties. di oxi de
pi gnent, through dissol ving wat er-sol ubl e conpounds
Wisatpawink INQr4Ti Hi 44t €sceiBeDthebd-precipitation o€ niaalt drddes (such as, for
desired m xed netal oxide formin water, and then

example2dfinida taﬁ% ﬁta%?cg Wk PR titRi @R JRHUEOPEnEhE PROE P Bis8lving water-soluble

titani um di oxi de and precipitating the netal oxides

under . al.kal i ne i ti L hr i L . .
compo 3 it SH 4B At 19 B 8190 DR BB bice om n
coat ed and. wagshed titanium di oxide s hat aged.in the. .
water, G4 QOBEndterSOUHIEr (I HaP RIS oGP TR GRS gy dioxide and
~_ageing step being described as necessary to avoid, . .
precipitgimgc thes metpl dixidascunder edkalig ennglitions yas; Hispeghe Hgr géditig of sodium

pH characteristics". U S. Patent No. 4,328,040 _
hydroxidke s Afieb Edtrationrandessshing, thdeoapedoahdcwashed dftaniinmadipxide is hot aged in
di oxi de
the presence of water under alkaline conditions, the hot ageing step being described as necessary

to avoid processing difficulties and give “suitable charge and pH characteristics”.

U.S. Patent No. 4,328,040 describes a process for the production of titanium dioxide
-pigments with “improved chalking resistance and gloss retention”, wherein oxides and/or
phosphates of titanium, zirconium, aluminum and silicon are applied to titanium dioxide, by
. adding alkaline zirconium carbonate complexes of the alkali metals or ammonium to an aqueous
alkaline pigment suspension, and then adding a solution of dissolved compounds of titanium

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



pigments with "inproved chal ki ng resi stance and gl oss
retention", wherein oxides and/ or phosphates of

W@ 2aoansaomg zirconi um al um num and silicon ar eP@EpPpE10081005394
to titanium dioxide, by adding al kaline zirconium
carbonate conpl exes of the alkali netals or amoni um
to an aqueous al kal i ne pi gnent suspension, and then

in i on of dissolved compounds of titanium
phoqﬂ“%%gfggﬂ%ﬁ%%¥%ﬁh1and/or silicon and/ or phosphorus to

(e} eci pi t he oxi des. and/ or phosphat es onto .
‘3%‘%@ fie 4308 876 prevades W@‘HM‘S‘S?@%G"%&W@&@§ pgocess for making
titani um di oxi de pignent and a process for making the ]

the same awhereinhiée @igmentecoppyisensa pigmgtuyddariupi diowideagoye particle, a mixed
titani um di oxi de core particle, a m xed inner coating

inner coafindyfihwdrsupotidesoftin hndziegotlivan,randrinuwaterasodtiag obaihedrous oxide of
coating of a hydrous oxide of alum num U. S. Patent

aluminub@- 4, 450, 012 di scl oses coated rutile m xed phase
pi gments having a first coating of an oxide or m xture

¢ . of . 14 . r : : . . _
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. resultin i.gments exhi bit. an i nproved tenden .

coating g3 AEide Pr BUEFS0T BHAFTOL WagHEy STRAPEER e P ybaeauent coating

catalysts. U S. Patent No. 4,759,800 describes a .
of an qxidg &4 salpinuwme hhe atesylting cpigmgntst exEbit (3R dnpigvgd tendency against

pi gment wherein titania is deposited first froma
flocculaion ut lacquens haridereedd with acisi chtabrsisde, and t hen an al um na

outer treatnent is perforned. Many exanples illustrate

Ul$e Pagend @0, 299800 @dscEBH £ pideedsafor ehem@dfallptthakingaitadium dioxide

oxi des along with the deposited titania, including

pigment! whaBin?{i@hiank Qﬁpos?iieﬁ%ﬁfréﬁﬁ& @8\hfen 8P Etanium oxychloride, and then an
zirconia/titania/silica co-precipitated conbi hations.

alumina-r(r)lla(}eltte{,| gi?e:é{r{iérﬂ gispég‘ggr%e%. % oreg(gtg*)l%s elﬁ[létpé{t% e’[islgp{cféei)%sition, or co-

we ng resi nce a pticar proper -
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titania/zggglgg,ie;ldgW{il{agglfslijlki)(!aecos-gr%ici%g{]atseiilgo?nall)tineati%gg Is“lcl)ed irelélrﬂting pigments
purportedly exhibit improved weathering resistance and optical properties.

U.S. Patent No. 4,781,761 discloses that co-deposition of boria with silica, preferably
from a master solution containing water-soluble sodium silicate and sodium borate, enables the
formation of dense silicate coatings on titanium dioxide particles at lower processing
temperatures than used previously to achieve dense silica coatings. The resulting boria-modified
silica-containing pigments are highly lightfast, and exhibit excellent gloss and dispersibility.

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

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

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



formati on of dense silicate coatings on titanium
di oxi de particles at | ower processing tenperatures
WO bas/189eel previ ously to achi eve dense silica POHUB0G%005394
The resulting boria-nodified silica-containing
pigments are highly lightfast, and exhibit excellent
gl oss and dispersibility. US. Patent No. 5,753,025
i I i ' di 3 ' . . .
S TB8F G, DIBSEP LSS Gufa ol HbBRhte pigmenss i
havi [ I h h - ILTi [
which a%?e:/olﬂg g?l:ugg : ogf\ggtgﬁgéaﬁls&o{nﬁgﬁq%gﬁtp i Ill%hglglg? %@\QIO Iag at least one
alum num U. S. Patent No. 7,135,065 describes the = o
more oflwdingm, sHicon angl tigariivmag¢ addeddogingaiiequs suppapgioatpf titanium dioxide
aqueous sol utions of water-sol uble conmpounds of tin
base magdtidl Hairtained m apHwfInot avrathah 8astlessnikamnil), andthen the pH value of the
alumi num silicon and titanium are added to an aqueous

suspensDHIP8ARERA t&betwdead 41 SliPd e tRassd¥péRIih@bxides to be deposited on
mai ntai ned at a pH of not nore than 3 or less than 10,

theﬁmn@g?dkgﬁﬂ”&ﬂggﬁ§“%§'”e of the suspension is adjusted to

ween 6 an 0 cause the correspondi ng oxides to

e osited on t titanj L ox)d ase materi.al. . U. .
s SERGR AR kb 8 A5 5 Bt preparacion
~ discloses a nmethod for preparation of titanium dioxide . .
of titanipmcgiaxide @igment exhipitneghish eespingyrasistanse apd bighhydmggqrpwer, in which
hi di ng power, in which the pH value of a suspension of
the pH tdloant arsuspenxiod of taareninadipxide piredenphoz phospbapsetpoand, a titanium
titani um conpound and an al um num conpound i s adjusted
compouh® aaBauit al@midueh lcowpduhy i hdjustdditd iaboutod, fdllIoRgaEs the addition of a
compound whi |l e mai ntaining the pH val ue above about
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escribes a nethod for the surface treatnent of a

ltji§t %g{eﬁ{nAggﬁ&(Atgﬁ P‘Hb%ggtﬂ)tn’ 2&)%68”4%)'8”&%8&%}}1%36&) fhe?ﬁo'd ﬁ)r the surface
addi ng an um num-conponent "and ‘a phosphorus
onent. to a titani umdi oxi de su gnsioggwgi

co . | e.the .
treatmenty o1, 31 lanig pids, ST oFoRENTAR it an aluminum

greater than or equal to ten; and then b) adding.an
componggyj ahdophnsplertis eompprens tosp dfpsiwn digrida sushensym while e pH value of

| ess than nine. It is also taught that together
the suspension is maintained at a value greater than or equal to ten; and then b) adding an acid
component to the suspension until the pH value is less than nine. It is also taught that together
with the aluminum component and the phosphorus component, other metal salt solutions, such as
salts of cerium, titanium, silicon, zirconium, or zinc, can also be added to the suspension in step
a), these subsequently being jointly precipitated onto the particle surface in step b) as phosphate
or hydrated oxide.

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

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

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



wi th the al um num conponent and the phosphorus
conponent, other netal salt solutions, such as salts
w@Roosasdowen titanium silicon, zirconium or ZzPCELUSHA$005394

al so be added to the suspension in step a), these
subsequently being jointly precipitated onto the
particle surface in step b) as phosphate or hydrated

quantity A])% rpgtfll qltj%rgs f)gl ag Rl ml Idlc il w 5nI‘ClP uqu[%%ﬁ(gljl a&ttﬁg Q‘QQ %?’ %%leayers isa

tmo or nore |ayers qep03|ted t her eon, e

dense SIatvorv Sitesdeofapero FormBIg D SERI eRleqyanpby of pa-PrecipIil b¥ides of metal
silicon dioxide |layer conprising silicon dioxide

ions or puxuegsrefnmetab i@ng?nK(frl thamsdigant Theyrestlting tragments e sehder resistant
than silicon, and wherein at |east one of the two or

and particaiaely ayeble fosuse id sasacesioaiingsndiplastide | ayer
containing a significant quantity of co-precipitated

0X. 988nPA pPRafbn PRBRCATonM0OE0G RT3 9TA 1NRIads tb %"}ﬁetﬁb@ €r treatment of
than silicon. The resulting pigments are weather
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at i 20060034739 relates.to a . .
least On‘f othit e Ty SORE SRRUTHIE bR eRAsUcoe: Fﬁﬁtﬁnﬂw psfdditionally co-
gether Wi th the hydrous oxides of tin and zirconium

precipitaed patgsthe pagicls suafacky big trprted) pigient snyibsequeptip freated w1th an oxide
alumnum silicon, and titaniumis additionally

of alumimypn e Clopipaadde vitinttioe tpner pat,t thel eesslting apigmentse demendtede a further
pi gnent i s subsequently treated with an oxi de of

improvedidnl il UpRot64HBIye dvivild PethiRthgPEb®d opfital pridPerties Wrdi A€ particularly
pi gments denonstrate a further inprovement in

suitable PYAls@%h Q‘n{s' Edatin :é’g eln@ &tigé.ni ng good opti cal

ropert es an pa tlcularly suitable for use in
coat Iastlcs h ny. . . .
BRI s L P88 OB S BB B BBy morni
) ( inorgani ¢ oxides l.i,ed via co-pre |on or
oxides aea%@w%mm&%pﬂﬁm& RRBriuSH mopRucanBi et pBiegentoned
ref erences ant|0|ﬁate or suggest the process
references fintisipaie pespggpgiiheprogyssichieciprcdesemeblied by the presenidnvention and

described in greater detail below, nor the product
describeddn girate rietailaredo wmdr cheproguefconsistpmeycingdi undfotmity of co-precipitant

incorporation improvements realized through the present invention.

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

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

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



i ncorporation inprovenents realized through the
present invention. The present invention concerns
wa povpliddoised and i nproved processes for nanuf acear/U8zP0s/005394
titani um di oxi de pigments including a surface
treatnment whereby a plurality of inorganic oxides or a
conbi nation of one or nore inorganic oxides with one
Or. IMor e, 1.Rof. gani-c osphates are_appl, t i.tani - -
nas berfiggTHict 12N RIERPRRS EheBLfodBBuBffre? rahRbiihic oxide
according to the present ipvention cqonprises the steps
and/or ab%eag)onﬁraglﬁawsr?glda lublg seltiel s Fatianicpatly b hrma?g 3 Pigiripipluble
di oxi de base pignent froma sulfate or chloride o
phosphaty, sete s agn@pqsn;u%qti@ acidsolugignstheme) graduadlyspdding said sulfuric acid
al kal i -sol ubl e source of an inorgani c oxi dehas been
solutiondb slscdquedus dikaliieshaty ofigtaniunl diasidedase pigmeot)she amount of added
aci d-sol ubl e source of an inorganic oxide and/or at
sulfuric hEASH1RIR RAIEEREECiaRI 16 asibvbd AnfalirrPpH Fak@tbeBeen about 4 up to
capabl e of form ng a water-insol ubl e phosphate, into
about 8.3N aqueous sulfuric acid solution, then ¢c) gradually
‘addi ng said sulfuric acid solution to the aqueous

B RRONCT BRI BnS APFOASRCACkET G E ) G PO B HGuon compAses the stcps

~sufficient to achieve a final slurry pH val ue hetween
of a) disselying a4 least eus agveens Fidsolpblegouise o an mepgaqerde agd/or at least one
process according to the present invention conprises
aqueoustaved-sdlelpls salt 0fi) caligswipeblagf &rnliegs watarensudulde pbosphate, into an
aci d-sol ubl e source of an inorgani c oxi de and/or at

aqueousl se¥fatic Q6id soliiRAUS) disdolif® htlbhs ofé kikalfsombiedoud? of an inorganic
capabl e of form ng a water-insol uble phosphate, into

oxide iﬁﬁpa@meﬁsc‘alﬁﬁlliﬁé’sr&l&li(ﬁﬁ? Fpth%ﬁ’ gfgdhﬁ’l'ﬂs% acgizi]n?iaétﬁghi\di At g(éid solution

east "one al kal 1 -sol ubl’e solrce © nor gani ¢ 0ox

N Lkal i . 1 .
and saudlaant Ice)%l?snaé%ﬁ}lfr'l%gsglu&%ggﬁ I Qc?ue%%g Hg&grg sl,}%(ix?rzéf%)? g%gg,{;ng Igg)?uéé/ base pigment

d urirc aci

agueous. al kal i ne sol ution to ueous al kal i.ne .
froma Sé‘&&‘ter‘v CB’%" FPERRCSIRA PR YU ‘b‘&gg Ogit Ak “?‘?‘E?ﬂ?eén%?}}qﬂé’t* do achieve
or chloride process, the amounts added of these
a final shety Rl yakie betwrgnsbewt 4up tooaboshéve a final slurry pH
val ue between about 4 up to about 8.5.
In the first embodiment, an improved process is provided for the co-precipitation of

mixed inorganic oxides or oxide/phosphate combinations onto a titanium dioxide base pigment,
which process preferably comprises the following steps:

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

pigment;



In the first enbodi ment, an inproved process is

provi ded for the co-precipitation of m xed inorganic
wo@00da3699¢ oxi de/ phosphat e conbi nati ons ont o aPCT/US20081005394

di oxi de base pignent, which process preferably

conprises the follow ng steps: (a) formng a mxture

conprising titanium di oxi de base pignent in water,

B atittoba oy o Endr R O ToL oLl Sa0bug By olutle oxide sat

oxi dati on-based chlori de process . and er.ein, .

selected drm gaeagioyp capsistingef the adygops 9%515%;4“4‘ ﬁ»ﬁg? g2l of Pynywm, boron,
sel ected fromthe group consisting of the inorganic

phosphosys atelssilddonal urmi num  bor on, phosphorus, silicon,
titani um and zirconi um has been deposited on said
(t) dssolvimgd) axieal? dhaquepug reidtsolible agldselectéd froheths lgusupy consisting
fromstep (a) at | east one aqueous al kali-sol ubl e

of the a§Qidotl§ asidldol ¢ 8atsest dlMunl) R eBLAYANCORRIURE hAP zREHIRE and/or ii) at
aqueous al kal i - sol ubl e oxi de salfs of al um num boron,

least ong1 gg&&lﬁg ragi%l—%rﬁ%l? 'S%)llt 5P a{i&q g?}%eac feg{)jfv }f'olillgliﬂ% %%atérrgg%;luﬂg %hosphate,

eous acCl d-so e sa S rom e dJg

. consi st | of. t he aqueous acid-sol uble salts of

”“0anEgpﬁﬁﬁﬁﬁhﬁgﬁépﬁﬁﬁﬁ“¥ﬁh, titani umand zirconi um and/ or
ii) at |east one aqueous acid-soluble salt of a catjion .
(€xpragralloadding o the shiryrreparehsoiterh(be sy seprigndrenaggdoin step (¢), in
an aqueous sul furic acid solution; (d) gradually

an amoaddiufiiciet tohachsdver a \finpl elmaryepH i valet Gpm( bhowgat ¢ about 8.5, so as to
solution prepared in step (c), in an anount sufficient

facilitatd @ @ihlere udifbinh andSéanisisyenp dovédigitdtioandbalelmided torganic oxides
about 8.5, so as to facilitate a conplete, uniform and

andk"h%ggﬁhéBﬁﬁﬁﬁzgﬁ?ﬁﬁﬁﬁﬁkk§ﬁuﬁﬁ of the m xed inorganic

es an ani ¢ oxi de(s) and phosphate(s); and

LB o ekl SRR ASRBP S Bl amo e i
dioxide E;g{’[me%: ﬁlstll}é gg}é{}qygp%pg{éﬁiljn%&ﬁﬁ&[)ﬁg@hg nsl’atligl%in(igg ’sai%si.hllr?y pH between
about 4 to about 8.5.

In the second embodiment, a process for the co-precipitation of mixed inorganic oxides
onto titanium dioxide base pigment preferably comprises:

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

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



about 4 to about 8.5. In the second enbodi ment, a
process for the co-precipitation of m xed inorganic
W@20082369¢0t 0 titani um di oxi de base pi gnment pr ePEr/EBL098/005394
conprises: (a) formng a mxture conprising titanium
di oxi de base pignent in water, said titanium dioxide
base pignment having been produced by either a sulfate
r S.Qr. X a C r -
from 87 B850 2c s ARC i UGS RALAGIERCS88e SRS 4 uminum, boron,
treat ment i norgani c oxide selected fromthe group
Phoﬂﬂ“%ﬁ%§¥£$ﬁﬂﬁ“of t he i norgani c oxi des of al umi num boron,
Fhosphoyus, silicon, titaniumand zirconium has been
arpiosolving iote ampareops swifuin didxelyton s lgasywaprguegis acid-soluble
form ng an aqueous solution of at |east one aqueous
salt seleated ditom thel grbliecansistiag ©éthe s@btactedl-saduble saltgefoalpminum, cerium, tin,
consi sting of the aqueous al kali-sol uble oxide salts

titaniumO4ndeZitiBnfUANan/OF @iy .at RRAGSHROsHEr &idosd hdi€R6IubleCalt selected from the
di ssolving into an aqueous sulfuric acid solution i)

group c?é]ségtlgigsgf HE %ﬂé&ﬂﬁ%%?d- LBl SQlyBE QIuﬁﬂhﬁm,S@érgtfh&,gﬂaéﬁég m, titanium,

oup consisting of the aqueous acid-s e salts
: f. alum num cerium tin, titaniumand zirconium
mncm“@ﬂﬁ?BP“?ﬁ) at | east one other aqueous acid-sol uble
salt selected fromthe group %gnsisting,of t he aqueous

(42 eradupliy pding i the SBITYAICSWIRG AOMEYER (fth InFRGrieBRrgl, Process streams,

titanium zinc and zirconium (d) gradually adding to

said soluthenssprapargd iresigbs i(lmgarid Gk Bt @poydy suffisienivto gelpereaa dinal slurry pH
process streans, said solutions prepared in steps (b)

value inafhé faBige of Mromimabohis4 sufdboai 815 sb asac aelieate af ¢omaplete, uniform and
slurry pH value in the range of from about 4 to about

consisteflt ®-pRLipaatiéPof RE inhikE@ TR rSanFORHE&QE PandVsH Jx@defd)ad phosphate(s); and
consistent co-precipitation of the m xed inorganic

G 352 b g S0, Py iy . i
maintaiﬁeﬂlgljI gailig lé urr(glxri)IL(iJ %étw\l\eﬁg}l Iaevalue of about 4 to about 8.5.

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

Dissolving the aqueous acid-soluble source of inorganic oxide and/or water-insoluble
phosphate into the aqueous sulfuric acid solution in the manner of the instant invention, prior to
the adjustmént of the slurry va—1 value with the sulfuric acid solution, provides a simplified
process to achieve co-precipitated oxide and/or phosphate treatments in that fewer required

reagent addition streams are used. Further, while co-precipitation of inorganic oxides as carried

out in U.S. Patents No. 4,115,144, 4,328,040 and 7,135,065, for example, is on a batch wise
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mai ntai ning said slurry pH between a val ue of about 4
to about 8.5. The resulting treated titanium di oxide
w@e@saso4particl es are typically further proceBSEUS2008/005394
t hrough several additional manufacturing steps as
el aborated bel ow, including filtration, washing,
drying, and fluid energy m' Iling, in the presence or
. b f [ ' t
basis, th%pgfﬁgecsg 0 .theagﬂes%ﬂt plﬂ@(lhr%%é Al %@Fﬁglj ? %c{@gg{ hé \é%'}ied o(ﬁt on either a
| astic d cosnetics. Dissqglvin h ueous
batch wige bgsis oF wBTE PESRRABLY o 2 CRBIRRANS D3R Jwosnd e il et it readity
wat er - i nsol ubl e phosphate into the aqueous sul furic
apprecia that uingateraals pwdph@f) omaneny lafgeshle) asditamum digxide pigments are, the
prior to the adjustnment of the slurry pH value with
ability tbhmansubitus isorfac tlestolent protesspow\ai chainaows bais bifeds very significant
- process to achi eve co-precipitated oxide and/or
benefits RR@a@N Atk r €at nents in that fewer required reagent
addi tion streans are used. Further, while

‘fﬁf’@“ﬁ’% B foadie ‘1"2?3%3 & 9549‘?*5g’gﬁiigé“ﬁ%%@‘fnﬁ%ggét%s‘*‘&ed oxide-
weated e SEHELS hY & pipn RSB RERl SubE %%ﬁaéio Bhy one theory,

carried out on either a batch w se basis or

it is spegylated thas|the BRimate BrolsipsUSveb MiKHE tl’rﬁd%?é“@%h’fquéh di‘%%"]t"mg the acid-
art will readily appreciate that for materials

soluble gruochuefedorganis: oxedeyinicthg sarse anléyricesid ieagentamuskdotoi pecipitate out the
pi gnents are, the ability to carry out a surface

alkali-sdliilslat ifferpanier ogids Serabled Mmord unifoins ibeagasicobtide sandéryphosphate co-
significant benefits and advantages. In addition,

prec1p1t'cgfo%a€&rre9969ﬁﬁglty AN WiRE T 1'n§re§§e%lcboﬂfr61 SV&%Q%reater uniformity of
npared to n Xed oxi detreated pignents produced by

the mlxelae tL,oé:ncﬂ(?r Eﬁgsi)hat\é\h Etlo chgb%get% up%%t Rlebg%gféc%l{a?loﬁmyrocess as

one eory, specu
nol ecul ar-1ev m Xi ng- t hat occurs tgxgo h di ssol vi
comparife TREFASE TuiPe PBLFECTB PG © B% 10Tt R G HqY chibles greater
3 sang sulfuric acidr eagent as used to precipitate out
fine-tuning” af RighensendibicePTPPRIFGENI ¢ oxi de enabl es nore
uni form i norgani ¢ oxi de and/ or phosphate
loqenemi, piny aypeost, titemumedipridd inmeg¢ryal @his be atdcessied gn icnordance with the
i ncreased control over and greater uniformty of
instant invention. Preferred is rutile titanium dioxide base pigment produced from either the
sulfate or chloride process. Most preferred is rutile titanium dioxide which has been produced via
the chloride process from 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,
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the m xed oxi de and/ or phosphate stoichionetries
during the co-precipitation process, as conpared to
- Wee@sas®es of the prior art. Thus the process BET/UR08/005394
i nstant invention enables greater "fine-tuning"” of
pi gnent end-use properties. In general, any type of
titanium di oxide nmaterial can be processed in
accor e.wt he instant i nventico rr '
for exaffGEP PARERE s ol B deHe oinatalE e Parehb NG g 20, 5201090
either _the sulfate or chloride process. Mdst preferred
59221%@9W¢é§$%§k%taniun1dioxide whi ch has been produced via
the chloride process fromtitaniumtetrachloride_ using
Ehev agienoup rrhwrey ofi dranivon déexdde bTsre pidmpenthi Gam B¢ aelgdly employed at
material can also contain an anpunt of alum na, from
concentrationg ifrom abduaricdebywhicidht hdgitivdem dioridendp cnabowt Gddey weight of
as a rutilization aid during the vapor phase oxi dation

titaniumSdi6Rida! PR fkrditabe EdRehirhtddis Yron 8bsaABPOBY deighPldf€itanium dioxide up
i norgani ¢ oxides forned during the oxidation step may

to aboug1 raé%ngge\\%lgﬁts tM%LtJ gre‘f&retdhgrgeo ) CBhtr AGs Sfjfdrg: &dut P58 weight of

O 1 ncor pora er oxi di zabl e 1 norganrc
.. terials int xi dation step as has been descri bed
tﬁmnwngﬁageaaegi@%néaﬁ%ﬁﬁéwﬁ@ﬁbr various purposes, for
exanmpl e, particle size control; see, for instance,
Rerginipmicesier (0N botapegs of thy prggeny anyentjon,the pprong) gvet treatment
6, 562, 314. The aqueous slurry of titanium di oxi de base
inorganipi epidn ac e dpplied eftilizing anpbb yled keewi pneesssasapi effgst deposition of
from about 5% by wei ght of titaniumdioxide up to
inorganidxides@irito e t@higii dfxidel Thinumbet OR trdatmeRtsehad tigdnanger of their
concentrations from about 15% by wei ght of titanium
applicatdnO¥edRt YR, AAQHKiot? PORILINEISHRE welYRBbwRItE HRSsE RilRA SN the art, so
concentrations from about 25% by wei ght of titanium

i.oxi de up to about 40% ' Per tiaj ni.ng

rrer U 2 BB o SRS AP U)ot BSER of ko

optiopnal wet treatnment jnorganic oxide.can b l.i

inorganig A AT PO ot el Ok RBIE S ss Sicaony Ve aients Ro. 5,332,433
deposition of inorganic oxides onto the titani um

and 5,7¢},848 describhdnengapier trestmenteprotpsalss as dadJ+ RePagRAEaN0.0$,203,916 and
their

5,976,237 for coatings end-use applications. Typically, the optional wet treatment oxide when

deposited, is present in an amount from about 0.5% up to about 5% by weight calculated on
treated pigment.

The alkali-soluble source of inorganic oxide can be added to the aqueous slurry of
titanium dioxide particles as an aqueous oxide salt solution, said solution containing from about
1% by weight up to about 50% by weight of dissolved alkali-soluble salt. Preferred are aqueous
solutions containing from about 5% by weight up to about 40% by weight of dissolved alkali-
soluble salt. Most preferred are aqueous solutions containing from about 15% by weight up to

about 35% by weight of dissolved alkali-soluble salt. Preferred are sodium and potassium salts,
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application, are not critical, and various

possibilities are well known to those skilled in the
W@ra08/13694¢ urt her detail on this aspect is not PCT/US2008/005394

necessary. Neverthel ess, by way of exanple of known

i norgani ¢ oxide treatnent protocols, for plastics

end-use applications U S Patents No. 5,332,433 and

: 8 describe inorganic treatnment protocols, as
°rlet'§es7%gre§} Patents No. 5,203,916 and 5,976, 237 for

atln e use i.cations. cal | the o al
T8 quret SRS GBHER PR sssr B aR ac lgwg e dfpn about 5%
anount fron1about 0.5% up to about 5% by weig
by weighfupuioattoyt 88 by aveightpplyhentolutione bat mﬁfembbﬂ ubfr@m about 20% by
source of inorganic oxide can be added to the aqueous
weight gl torabpu§0%ibyandighn afidissbed palftrichad amd mast @rgfeeahly comprises from
oxi de salt solution, said solution containing from

about 23R dytweifhtip tRbEt 409 b? N bE AR EY suRIrRhcidf

di ssol ved alkall-solub e salt. Preferred are aqueous

O 0D BB AR et SBURDB d Bon cable of

forming b me@g}gg}) {Bli)g\dﬁé)]%é;ﬁ}a %ggr? gs é%% telg g{;}s Oh g\?&tgl%éﬂlisn%#ﬁ{n%nécid solution
di ssol ved al kal i -soluble salt. Preferred are sodi

from a prgioyekyrePART S4NE!S JRetRl sl salutiom gy Gom a phkd aalue%% sulfuric acid
sul furic acid solution conprises sulfuric acid in an

solutiongiiymatelf q:mﬁaiabxg&iss@%ed;acikﬁ,o@mle gz;itstig antyonts cg&)aﬂajgd to achieve from
wei ght of the solution, but preferably is from about

about 023% hy toedbght 8Up of @ogheuipitdtéPokide vridgit phobplits St weikht based on

sul furic acid and nost preferably conprises from about

tltamum?cﬁc{mQE Mgl i4BistAvaPRtd- séig%@etk\élt\ﬁﬁhﬂ Qﬁnoﬁfn G &IREY BFachieve from

sul furic acid. The acid-sol ubl e source of inorganic

about qu/f) S{lﬁ) f%n%oq{t 5@“(&' 302 ‘lnlég{p?taé I5x1 é aﬁd/%?%'h@%;h%?eo | %S%tht based on

8 Wat€r-1nso osp ate ca
ution froma

tltamumpcﬂav#s D@qupﬁ?% 20 SOk % S Pte Si B fepun) ealgplated to achieve

froma solid sal% said sulfuric acid sol ution
from abeyt()- 2Parup| t) abewti2af %iok Gorecipitasedioside andien piisisehaje bysweight based on

anounts cal culated to achi eve from
titanium dioxide. The acetate, chloride, nitrate, and sulfate metal salts are preferred.

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

phosphate is between about 30:1 to about 1:10. Preferred is a ratio between about 20:1 to about
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about 0.05% up to about 8% of co-precipitated oxide

and/ or phosphate, by wei ght based on titanium di oxi de.
woe@Based i s di ssol ved acid-soluble salt in aPCEHOB2008/005394

calcul ated to achi eve from about 0.1% up to about 5%

of co-precipitated oxi de and/ or phosphate, by weight

based on titaniunrdioxide Most preferred is dissolved

. ' L yl ated to achieve
L1 Mo%ﬁé%fegg%ﬁi %uazﬁe{vvéetrﬁoa%g Bout 58 co pr eci pi t at ed
fiskte o 1k Q0B s ssier e BB ?ﬁfﬁgﬂgﬁn ° Sapflavet reatment

nmetal salts are preferred. T |caIIy, t he wet

aluminugry exidgegn bei applicd noHgiasi aélyof/tge knaya/pspcessrssion depasititgaluminum
deposited according to the process of the instant

oxides dniw éret fitamivimdiasmien T spiasllyg iwleddiresent thaiwef troatmehoaluminum oxide is
0.2% up to about 10% by wei ght cal cul ated on treated

present i SBRbuntFrcth @bait (/5% @Modtout 59 5Ywdight ealatated cHfrdired pigment.
wei ght cal cul ated on treated pignment, nost preferably

The optforngfnw%P %Etnileng%l Wﬁﬁ& S0q¥Lar (Zfsgnﬁ%'ogﬂ&neﬁgjf & Hg&%ﬂe@ Therein co-

erei n the wel ght

i RS 5 BRSSP, i g some of

phosphate to the deposited OXIde and/or phosphate from
inventiophe aci d- sol ubl e source of an i norgani ¢ oxi de and/ or

phosphate is between about 30:1 to about 1:10.

IRirdfeer prodessiga of athieo Weetreated ataowm xDodide opignt Ipatticles can be

Most preferred is a ratio between about 15:1 to about
accomplZshkd H3efiltadtidonNgsit® aStapurheypé filtkaion SsREC08 Oprebhire-type filtration

present invention, the optional wet treatnent alum num

system, QdsHfgCaha ey 1ﬂgphélﬁg ayidfi t?ré oR@AYrelfknoh@ HN@Wart. For drying, this
processes for depositiing al um num oxi des onto the

would Eﬂ:l{ﬁ? lgﬁocﬁ'k?lgu %pﬂla%ﬁl (ir in resreéﬁﬁrye &mlg t&nLB c¥ﬁ%¥: a dry titanium

Fea alu in-a
about

dioxide pr%%%%ogy - PTRECY JRT BRI ) TG T PER sk s produced

oxi de can al so have optiaonally co-deposited therein
can be @ppieadivhiereindd tox desrednfngr pptislsppige edistiibiHemtusing, for example,
departing fromthe spirit and scope of the invention.
conventional steam micronization in the presence or absence of additional functional additives as

known in the art.

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

Example 1

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

presence of 0.15% by weight (based on pigment) of sodium hexametaphosphate dispersant,
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Furt her processing of the wet-treated titani um di oxi de
pi gnent particles can be acconplished by filtration
wWaigig3@4csacuum type filtration systemor a  PCT/US2008/005394
pressure-type filtration system washing, and drying,
usi ng any of the procedures known in the art. For
drying, this would include vacuumdrying, spin-flash
along with é gu%]me% a%%{l{al‘ty ofd S0 rrlxgh)%cﬁgglgrge §P§ ég%lt{ fgl?emhgé%?lgn to a value
yi ng. T e dry produ . thus produc can be
of 9.5 Ofo%Fﬁ’tS’h op lﬁ‘fe&&‘lﬂﬂuﬁ%u%fil%%?li”ég’ fgfoaﬁ)rtt%wé 3374y weight. The
di stribution using, for exanple, conventional steam
resultingfitgniom digxidsrslurry Whesq@deslélﬁd,eusmg apseoncendto-pipgeant yiesght ratio of
functional additives as known in the art. The
4 to 1, uhal 4 oung a@xa@np besickasixewhvadhidviad whatein apee tfah ©0% of the particles
enbodi nents of the instant invention, wthout

were small@ASH 063 trRictdnl] ds REerh@sdd itz é‘)@l\/ﬁ@tﬁﬁ@c ®00 IParticle Size Analyzer
i nvention as di scl osed herein. ncentrati ons and

(MicrougC L F"‘&?E%n%@c YRR Tt an um d 8&?32%?3”{929' et e
e Eriling S ot e ot PSRl ARG 1B Bogiar T PR Rk
di sp ersed in water in the presence of 0.15% by wei ght

subsequernbsté@at%wtih Griht aloratedan silicik waiehhphtng magraent, of sodium
di spersant,along with a sufficient anpunt of sodi um

silicate, hydtdoxied 20 um’natdjs asé 20 egrapHlitef aqirousi fapensilonate sphetion. While
value of 9.5 or greater, to achi eve an aqueous

maintairdhg Rtemperaniré Bt 20°EQ kHedsH 60MHe8NirryoWvas3d8ovbydevedagéd to alpid of 5.0
resulting titanium dioxide slurry was sand mlled,

over a 55'%1H?t %eﬁb& GRNthe 3N ARH RS DEEIHY, We vidht raaﬁéo%s @ﬁlf&rlé £:id solution,

unt i vol une aver age partl cle size was achi eved

said sulf\tj\'h grﬁlglg sggR{og ctogéir}ngoff’rcg)entlﬁrﬁ%xﬁagg (?6! (? §so\1\@é’dethg’x;\%ﬁl :Jlt rconcentratlon

m crons erm Cro

art i Si ze M c tra
caloulat a5 BIREF A1 W PRQ ERGOR BLANT Fip Pt §0-Piscinifaed siponium
30% sol ids by wei ght, was heated to 9C0C and
oxide. Following a digestion period of 15 minutes at a pH of 5, 2.0% alumina, by weight of final

pigment, was added over 20 minutes as a 180 gram/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 36% aqueous sulfuric acid solution, said sulfuric acid solution containing no other
dissolved ingredients.

The dispersion was allowed to equilibrate at 90°C for 15 minutes, at which point the pH
of the slurry was re-adjusted to 5.8, prior to filtration while hot. The resulting filter cake was
washed with an amount of water, which had been preheated to 60°C and pre-adjusted to a pH of
7.0, equal to 1.5 times the estimated weight of recovered pigment.

The washed semi-solid filter cake was subsequently re-dispersed in water with agitation,
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subsequently treated with 3.0% calculated as silica

by wei ght of final pignent, of sodiumsilicate, added
W@®B/130461 nutes as a 250 granmliter aqueous sPCI/UM008/005394

silicate solution. Wile nmaintaining the tenperature

at 90C, the pH of the slurry was slowy decreased to a

pH of 5.0 over a 55 mnute period via the slow

and arie i B AL ARl Y Pt PR eRes AV Sitdhg, Denmar

. .zirconi um oxychl oride dissolved therein at a .

maintainipg 8 dpter AUPRMPSTAEYE &f élapr%ma?éﬁy §§§ © toyield)g dpepighient powder.
based on titani um di oxi de, of co-precipitated

The dry pigneonipamdexwestheFstermvnicgorazedi ig ¢lse prosenge of 63 54§ byl Beight based
mnutes at a pH of 5, 2.0% alum na, by weight of final

on pigmphtgsTeiimethyds proisidd, @vielingd steamud @ndehit aveldhd rapioasl 1.5 twith a steam
aqueous sodi um al um nate sol ution, while maintaining

injector pRRsutks&f at 146 p&il dHd iicREE 8 eMg Prasdlid@edt 138 PsRBEmBleRing the
via the concom tant addition of 36% aqueous sulfuric

. of [ said sulfuric acid solution containing
rmihed Yt ey

'ved ingredi ents. The di spersion was
|1 owed. t o e%ui%ibrat .at _.90C ford15 m nut.es, aﬁ whi ch
hs Arconireopianbp! ihgeeuing BEMAR FRdURd Feraidinggo dheginventive process
prior to filtration while hot. The resulting filter
was detesaesces knewharasi fpresscaapdaphniqes Hiliaing adtA N yHeal PW2404
been preheated to 60C and pre-adjusted to a pH of 7.0,
Spectromefien (P ANaljtiBaltB. ke sA Iinfedo, d3teiNaharthnde), gith apprapeiateveatibrhtion to
pi gnent. The washed sem -solid filter cake was

standards4R8 SR EbiYedtRnSl spersed in water with agitation, and
dried using an APV Nordic PSD52 Spray Dryer (Invensys

"Itot?r{%g'dle&ﬁgﬁfeg e g)g%g@f)f(éffecﬁ?éﬁgséhﬁﬁ ﬁﬂf(ﬁnﬂfg%’cgfigédg*;(?ation of the co-

rature o roximately 280C, to vyi

e DR, B BB TF Oy BOLTS 5 0 BB
cctivity BgIgRT s SR NG oD AGAOGaH e 1 drPioNERRF and J. R Brand,

pressure set at 146 psi and nicronizer ring pressure
' “Photocgtgtytigtch['m‘;ypg iIitagbmpD@ﬁidngiagh@nf’ b ﬁurﬁz@c{}qﬂtg}gg dustralia, September
1990, papgrese g?lrla(thaSer;.presented at the 32nd Annual SCAA Convention, Perth, Wash.,
September 1990), as referenced and further described in U. S. Patent No. 5,730,796. This
involves the steps of: (1) placing about 0.2 g of the TiO; product in about 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 (HSPCA) slope) is proportional to the photocatalytic response

of the pigment upon exposure to ultraviolet light, and provides a measure of accelerated
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The zirconia content of the resulting pignent produced

according to the inventive process was determ ned via
whpwsn3oddé ay fl uorescence techniques utilizi ngPEI/US2008/005394

PANal yti cal PW2404 Spectroneter (PANalytical B. V.

Al nmel o, The Netherlands), with appropriate calibration

to standards and matrix corrections. To hel p determ ne

weather % Cpegt%%g ceoJf c%%tﬁr?éstdrg?ﬁﬁgssm% gtﬁgigafg%%g}ﬁeﬁt roduct. Smaller

orporation o opreci pl fica BCcordi
t he process of th nst ant .i nvent.ion,
values lﬁsettsgaqagﬂryvme%m Qi Pber ‘sma%‘t”é‘r‘ﬁ?’ﬂéﬁl Ptﬁﬂquﬁg gﬁﬂtg%tﬂlaﬂc activity,
techni que docunented in T. | . Brownbridge and J

and thergfoag greatepturabd By r\areateraesiptangatoshiscploratifing hpth QfMlaeh dlrecﬂy
Pignment", Surface Coatings Australia, Septenber 1990,
result frpragesre@{flcidnt(gnd paifopn és@npardtiat of doeprdipaatéd lziradmiﬁﬁiAﬁ(ides into the
Convention, Perth, Wash., Septenber 1990), as
Sﬂwasuﬁg&gﬁgﬁﬁﬁgtand further descrlbed in U S. Patent No.
730, 796. This involves the steps of: (1) placing

I@&%H% S[ﬁ‘ogidgé irf 'P 1] h Q% %Qld%ﬁfl cbx?g?xg avd re%Qltmroﬁlftw_?. finished

spec OpIC gra e is0 ropano exposi ng t

pisment ST g e HECR B nE B Hisiimiee i dont ol except that the

conp03|t|on over time; etermning, b near

zirconiupp g eiarisis rgqggp?gpgbatgh—pﬂ%p@aqt tlpealgeﬁgugpn%gg% §Hica deposition step
formation in the test conposition; and (5) nultiplying

(Compatdtive Exavpleat A) andthe seapnbpigpargd utibriog thsf sammocerﬁlee described
resulting value (reported as Hi gh Sensitivity

above, Hab af e abgdnyé bf thacidditonyof ZHSHGAN @dyoplejidé s thegplintic a¢idlsolution
to the photocatal ytic response of the pignment upon

used duﬁ?f@ﬂr%%‘ilfcatdépéﬁlﬁéﬁyﬂeﬁl s telpBing tAE ehi IO 8 Fe/AMERBSUEprecipitated
accel er at edweat her i ng perf ormance of coati ngs or

r Smal | er
silica and ﬁ?r%[‘)hlgﬁmlg{]%‘%tc% érsi{éigtr%e }ctaQ%O ngig Qé r};&%@ﬂ%ﬁt@r ont
tltanlun1d|OX|de pi gment qh qpatalytlc activity, and
therefore greater durabilitag1 or greater resistance to
di scol oration, both of which directly result fromnore

ef fi ci eRigmend ZirsppierGantent apg Bhaiorsialyie AcHVEY delysi t at ed

zirconiumoxides into the silica surface treatnment.
Pigment Sample Co-precipitated Zirconia content (wt. %) HSPCA slope
Example 1 0.20 1.0
Comparative Example 1A : 0.20 2.3
Comparative Example 1B none 2.5

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

resulting titanium dioxide pigment is particularly useful in the production of end-use articles and
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Results are provided in Table 1, together with
conparative results fromtwo finished pignent sanpl es;

W@ b@sfizasé prepared utilizing the same proceduP@I/US2008/005394
descri bed above, except that the zirconi um oxychloride
reagent was batch-added at the beginning of the silica
deposition step (Conparative Exanple 1A), and the

econd, prepared utilizi : - . i bed
composTEFE I B Sts dhl shE B opo R Ra RAERHORLIS R 7 o
gxycglgride to the sulfuric acid solution used during
i ca deposition step, thus replacing the m xed

oxi de treatnment of co-precipitated silica and zirconia
Rarti¢nlaodtidemenidiexdds pigimeat (nGamsdiat oktaings frepl e vapor phase
Table 1 Pignment Zirconia Content and Photocatal ytic

oxidatioA®f ititdiniym Wettachlorixiarphtaining 1 0Usilumireswhhdispaave inpraerdaghe
of the instant invention, wherein titanium dioxide

presencdb OIS, Hy&v&?ﬂ%ﬁ%ﬂl dipibend P S&ihfthek BBE@PRospRate \Wspersant,
sequenti al steps, a m xed inorgani c oxide wet

along W}Vt\{l ?%hfgﬁg%?t g&'gﬂﬁf St %g%\%ﬁl P%&V{g)gi'aggo gcllj Bé}octh gﬁ.'o[f RC iR ér?iBtﬁ go a value

o ZI rconi a, mna (percen

are by weight of the pi.gnment). .The substant.i .
of 9.5 oFaigh 19 sy ipes MdEneRen b sab e lrs Sl na tupsieht. The
_versus conparative exanple% of .the inventive pignent . .
resulting tignivm dioxidsi TErnyph sand st uing zirgen sepd5e-grgmsnt syeight ratio of
zirconia into the silica treatnent. The resulting
4 to 1, upiit @amdlumediveragd pamictmert wasaghzaved ediessih yare 8fanl 907/hof the particles
production of end-use articles andconpositions

were smiall&d theth 0$3hidBdrisCas ddentdaat itildsng £ Mieitak 3y100®article Size Analyzer.
exterior applications. Exanple 2 Particulate titanium

ﬁieq&lﬁﬁngmg%p&imte& & 5RAIsah& BolvaihE Yok heRfed heoyaPad

phase oxidation of titaniumteétrachloride containing
subsequ%r:lt%?s/%/gaalé%{n V\l{e{ﬁg\é@%’(%gcig%&g %956%18%%{7\1?{%# Qg fg%llq gﬁérﬁéﬁp&esoafum
s, AT SSRTE o SRS D060 it AT i

di spersion to a val ue
maintaining the temperature at 90°C, the pH of the slurry was slowly decreased to a pH of 5.0
over a 55 minute period via the slow addition of 36% by weight aqueous sulfuric acid solution,
said sulfuric acid solution containing aluminum sulfate dissolved therein at a concentration
calculated to achieve 0.5%, by weight based on titanium dioxide, of co-precipitated aluminum
oxide. Following a digestion period of 15 minutes at pH =5, 2.0% alumina, by weight of final
pigment, was added over 20 minutes as a 180 gram/liter 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 36% aqueous sulfuric acid solution, said sulfuric acid solution containing no other

dissolved ingredients.

The dispersion was allowed to equilibrate at 90°C for 15 minutes, at which point the pH
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of 9.5 or greater, to achieve an aqueous di spersion
wth a solids content of 35% by weight. The resulting

wa 2aoansame di oxi de slurry was sand mlled, usi nBCHUS2008/005394
zircon sand-to-pignent weight ratio of 4 to 1, until a
vol une average particle size was achi eved wherein nore
than 90% of the particles were snaller than 0.63

of the slgll'r? Wilte-a %SQSZ‘E ﬁgr %.lfli,'l raéé)rpglpﬁl n € 21‘?12 re%%lt?ﬁ&cﬁtetr cgke was

t cIe eresu arr

to.30% solid s heate
washed %@?@cﬁﬁ%w 9f°' yv@é%fal%{{,ﬁ%i@ﬁ ngysheaty a|6Qt §° &nggres fdipstgd to a pH of

i ght of final pignment, of sodiumsilicate, added
7.0, equ rl 0mes thetestimatedavelglt of resavered@igmenteous sodi um
silicate solution. Wile maintaining the tenperature
Hiie WAdBed sorai-poticfiliérivaks has sybseqeensl ovddispesed aasetr tathagitation,
pH of 5.0 over a 55 minute period via the slow

and drleﬁqgin?' ALY NRACDSIYS Ghthy BHAGOMSintdihing al dry@ChRkt temperature of
solution, said sulfuric aC|d sol uti on contai ni ng

I
approxu%g“ég’u g O %g%ic @g&ﬁé’%@& (’\Eﬁf %‘h@ dﬁ% p%n‘fe(?l@ BS&héﬂké&éﬂen steam
. .tit.an um di oxi |tated al.u
micronige Bl Fg-Geag 0T ohY NETEIEGBR O0g H UL BErgIa! Erapane,
2.0% al um na, by, MEI%ht of final pignment, was added
utilizings, gear ¢ pigmeneweight gatiogd 2gt avifh 3 $team ArjeetBuRresBHe BFhat 146 psi and
al um nate sol ution, mhlle mai ntai ning the pH of the
micronizdruingyprémstiwesehatal lﬁajsu@onfpleain@ tenfiniShésl pgmenhpreparation.
concom tant addition of 36% aqueous sul furic acid

Bigd Alhm@id, cohifindl o tHefreul engAithefOprofinc@d acedttinignb Mgk M@entive process
ot her dissol ved ingredients. The di spersion was

was detéthlifeHa kRoRA lX l‘d}bﬂ@rgsc@ﬁcegtg&rﬁﬂes LAl B U BN al@’ﬁcéﬂ‘PWb404

p0|nt the pHof the slurry was re-adjusted to 5.8,

SPGCtTOIE)lr{< 1&9 I%Iéil)él agé c HJW‘M o sj?a%d rd-ggg ea?r‘& E({)Iﬁ lﬁ)h%t er

an am)n

ﬁcqﬁ%rrn%%? esfeercal el %%ﬁi%'{fé%gw G opBeer e co-

g‘gment The washed sem -solid filter cake was )
precipitajgdslaquentdoprding t digerecses ohithonstant fventieryipigmensphotpgatalytic
dried using an APV Nordic PSD52 Spray Dryer,
activity wab de@rmined asdelcyibed imExxmple ipemallernalues indicate greater suppression
of inherent titanium dioxide pigment photocatalytic activity, and therefore greater durability, or
greater resistance to discoloration, both of which directly result from more efficient and uniform
incorporation of co-precipitated aluminum oxides into the silica surface treatment.
Results are provided in Table 2, together with comparative results from two finished
pigment samples; the first prepared utilizing the same procedure described above, except that the
aluminum sulfate reagent was batch-added at the beginning of the silica deposition step

(Comparative Example 2A), and the second prepared utilizing the same procedure described

above, but in the absence of the addition of aluminum sulfate to the sulfuric acid solution used
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approximately 280C, to yield a dry pignent powder. The

dry pignent powder was then steam m cronized in the
w@e@sases of 0. 35% by wei ght based on pi gnent BET/US2008/005394

trinmethylol propane, utilizing a steamto pignent

wei ght ratio of 2.5, with a steaminjector pressure

set at 146 psi and m croni zer ring pressure set at 118

during tﬁ)efs élH]czgg%sﬁ ?epop’lutSﬁe 'csirrfeﬁ} ”g rﬁe FSIF%% g dprelllpltated
A T

PANal ytical PW2404 Spectroneter, with appropriate
calibration to standards AAble@atrix corrections. To
determ ne the degree of effectiveness and uniformty
of 1 ncoPjmieait Zdmsoni Cdneent apd Bhotpedtalyad Azxtivity Value
according to the process of the instant invention,

[P GBS aijRé 0cat all YT Gt A lhilidaYcolsht GeE. 861 NPA a$ISPCA slope

?é]zl M Exanpte J.. DWH e Sval UeS IﬂUICI:[S 1.2

TS T

C ./IC%(ECI S U DI Wi
onpharglive mﬁfgfnié ol

falal
II,L,II oy v T C O ImCT oo T ygrroo™

Co Lﬂa aﬁWﬁ qwzgnrnaf er resjst airpp to discolaoration, 25

I
1
T

both of which dlreptly result fromnore efficient and

ncor poyati on of co- eC| i tated.al um num.
et S RahEpe el el the sat it oTridgrestisgpium dioxide
rovrded in Table 2, together mnth conparative results
plgmentfw praduggsl having deneskiedythereon dm i saguentiad stopp.st mpyed pagraanic oxide
utilizing the sane procedure descri bed above, except
wet treatnhatt cotnerising o +leposited3a0% dessegetinda amis().ﬁhtadﬂmmddﬁlﬂomad by 2.0%
t he beginning of the silica deposition step

alumina(6&8Pas atel BYewESBIGH tBe Bnen@NThé bebstatiandurpbitipapetbrmance increase

utilizing the sane procedure described above, but in

(decreasw gsfmﬁ 0518 QbrshibEorpfiethdil Otk a1 1@)'otmélﬁmﬁwefﬁgﬁeﬁtqn&@aes

uric acid solution usedduring the silica

un1form 1n Sé)r‘éh no tth%%b trleqcl’lI itdt cP lﬁ 119 nloh&eqih Sq egﬁ(]!leql? The resulting
eabient ol ai-tm t'h

rec

titanium%(){aﬁéggf’g'zéq?@ bﬁiﬁ"a'at'l s ﬁﬁ%ﬁ@@ﬁﬁ%@?gﬁr@: Q?teflg URG ;r%@iewnd
composi\t/i‘?)ln;I ?ncluding plastics and coatings, especially for exterior applications.

Example 3

Particulate titanium dioxide pigment intermediate obtained from the vapor phase
oxidation of titanium tetrachloride containing 1.0% alumina was dispersed in water in the
presence of 0.15% by weight (based on pigment) of sodium hexametaphosphate dispersant,
along with a sufficient amount of sodium hydroxide to adjust the pH of the dispersion to a value
of 9.5 or greater, to achieve an 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.
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Exanple 2 illustrates the novel process of the instant
i nvention, wherein titaniumdioxide pignent is
w@e@dnsmds havi ng deposited thereon in two sequRei/Us1008/005394
steps, a m xed inorgani c oxi de wet treatnent
conprising co-deposited 3.0% dense silica and 0.5%
al um na, followed by 2.0% al um na (percents are by

i ght,,.of the ubsta dur 3
& I%a?lﬂa%élgrfynﬁv%”@éo %%é?ﬁi SHSHRBeA te 33%?@6%%*
onpar ative exanpl e the inventjve ] )
Subsequméw %ftt%%wefh@f%ﬁqlﬂ%% 8% siliFphy peiahk eP Elaalml@afna; phiadipm
- alumna into the silica treatnent. The resultln%
silicate, mideshovem3invinitige apha gHe grani/ttep agudous beditm siieatesolitor ineparallel
production of end-use articles and conpositions
with thel additisshi TG 6P B tvieipthit auifurioaid sstiorewdeweathke slurorpH to 5, while
exterior applications. Exanple 3 Particulate titanium

mamtanqhgmeq@m@e&metat H@¥Ce FORESW RS ABERoN§Rribd 8N & AEnY@PA a pH of 5,
phase oxidation of titaniumtetrachloride containing

2.0% al%m%é ﬁ%%}\éﬁf‘ ﬁ@ﬁ?@ @ng{ts%gs S HRVES 24 Hm]i\.ggs R L PR GG Piter

bn pi gnment

o RS s S S8 g LSS D Lo 0 v

dlsper3| on to a value of 9.5 or greater, to achieve an
the concamistiaddifierper 34°%mqugaun salfues scid selbfien seidgnlfggepapid solution

wei ght. The resulting titaniumdioxide slurry was sand
containing klreshiumsixyghlaride dissol vedithdrdimats gmeattrat@inglatculzied ® arhieve 0.2%,
4 to 1, until a volune average particle size was

by weigBChHs€Y 66 tidhaie idibxiy, of thprecHiftaedl zitcbgiuaastide! es were
smal l er than 0.63 microns, as determned utilizing a

eccil errﬁgn e E@'E& E&é/q% rélg a{\g@‘id ft S-I;Hﬁlufegséfl\ﬁlil@lg pomt the pH

urr |Iute y wel ght, was heat ed

of the slgFV v%gq%%, teeg E{? gtéf ¥¥1})rr %I 11§'at1 \ﬁVF]le la?t/qfhg 9e|s§1 {n%ltfelger 33ke was

I'Cat’e,

added over 30 mi nutes 250 gr aegf e ueou
washed 3G ABATgUnt Ehpatesop e B B?Fnﬁ%{?%an to,0F%: apilercaibpatpfp a pH of

of 36% by weight sulfuric acid solution to | ower the
7.0, equsl tarlr Y tipes ths estimagsid) weeighti ofregoviered pigraentenper at ure at

9Q0C. Follow ng a digestion period of 15 mnutes at a

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

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

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

together with comparative results from two finished pigment samples; the first prepared utilizing
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2.0% al um na, by weight of final pignent, was added

over 20 mnutes as a 180 graniliter aqueous sodi um
wa@bwsils@se sol ution, while maintaining the pH BET/UR®08/005394

slurry at a value of 7.0 via the concom tant addition

of 36% aqueous sulfuric acid solution, said sulfuric

acid sol ution cont ai ni ng zirconium oxychl ori de

the sam%elﬁ)cgé/ egew e al 8}%@%@@1&@&1%%%%{)8?@%%' r?ﬁffll &t ede&lgent was batch-
CO- precipitat d Z|rcon| um oxj de. The di spersion was

added lramre%@éyg fgp pAditigh of He sogEnt @Pn&%at?rf?iﬁil%% (Compafai yhExample
poi nt the pH of the slurry was re-adjusted to 5.8,

3A), angthesecand freparediuiilizingicl semeqrocetiies desesiftadiabgve,itiut iy the absence of
cake was washed with an anobunt of water, which had

the additie® bf pe@haah edydhdobdGoahel sﬂﬁ&icaa(djdmﬂlﬁibrt wed dpting the/alOmina
equal to 1.5 times the estinated weight of recovered

depositiBh S@Bthus &ﬁb?&c‘i’i@&h@ ¢hiRE€bxi88 tresinfeht dfdo- }%{@K@jﬁf@é zirconia and alumina
subsequently re-di spersed in water with agitation, and

0 Spr ay Dryer,
with 2% Jep%%&ée%ﬂlﬁailﬁ%n%ﬁﬁééa&fv?eE?(aFl?nper ature of approxi mately
280C, to yield a dry plgnﬁn% owder. The dry pignent
powder was then steam mc 8heZed in the presence of
0. 35% b)é wei ght based on pignent of trinethylol
pr opane Pigiesnt iZicapiadented and Bhooeatalatic MistiyHy Vielitei o of

2.5, with a steaminjector pressure set at 146 psi and

PigateanSaapler i ng pr@spurcepitatdd AitcohiBecqmsent (wdI¥p) dt i NGSPCA slope

t hexdmhple shed pi gprent preparati on0 The resul ting 1.4

ComPAraied Exdhplgg@ed| according To phg ' Nventive prqcess o7

CompPititive Bxample 9B ~ rcom a comt en],ﬁon%no ptiot ocat arytic 55

actTrvrty do aesct IUCU III l:)\allplc L. F\CDUI lb al ©

ra%}fél? g qll?ﬁra}—e%tﬁlce ng\ml heo%gsho%rth%lvlnts&nf %{?ﬁd’:}lt 'vs)ﬁ%reru? tciﬁlni dioxide

I'nished pig rst prepare
escrlbed above, .exce

utili |n the s edur e
pigment h plodiHBPL o ARG R BE e SRR SRRl wer

|nned|atel before the addition of the sodi um
treatmeng|cQpPRisNg Js&roidensmsilieas g viad Ryea miedgnergamiy oxidedvetiecatment

second prepared utilizing the sane procedure descri bed
comprisaipod/@% dburninarcotprecialtated wathdy.2 Yolrarcanidi(péroentprediyrwaghtuwh the

oxychloride to the sulfuric acid solution used during
pigment) [Eheadubihiteal durability performance increase (decreased HSPCA value versus
comparative example) of the inventive pigment indicates uniform incorporation of the co-
precipitated zirconia into the alumina treatment. The resulting titanium dioxide pigment is
particularly useful in the production of end-use articles and compositions including plastics and
coatings, especially for exterior applications.

Example 4

Particulate titanium dioxide pigment intermediate obtained from the vapor phase

oxidation of titanium tetrachloride and containing 0.6% alumina in its crystalline lattice was

dispersed in water in the presence of 0.18% by weight (based on pigment) of sodium
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deposition step, thus replacing the m xed oxi de
treatnment of co-precipitated zirconia and alumna with
WQ2%0depodé t ed al um na (Conparative Exanpl e 3B)PCTEHEI088/@5394

Pi gment Zirconia Content and Photocatal ytic Activity

Val ue Exanple 3 illustrates the novel process of the

instant invention, wherein titani umdi oxi de pignment is
hexametap%j%ﬁg‘tg Bekag: IRRESHIELsUEEFOMdht b EEAYS Al @de to adjust the

steps, an rnorgani c-oxide wet treatnment conprising

3.0% dense silica, follo by m xed 1 norgani c. oxi.de :
PH of tiggfSPe G T G T0h6  Osign HEcaisOR EPerFioR P sotas

with 0.2% zirconia (percents are by wei ght of the, . .
content 9{ @ﬁ%@,by)vymg-}p\teng@p imgitdanigm aeyide §1Mézya|s(§ﬁ.q:é%léed, using a zircon

I ncrease (decreased HSPCA val ue versus conparative _
sand-to-phganpt s)eight rativeofi hipelntuintiba polymermayeriagel padiclessizenvapaaeved wherein

i ncorporation of the coprecipitated zirconia into the
more tha@l 90% d tHe' [Rati clegivere Sagal lee thah 0L 630midréran asudeterintinedietilizing a

pigment is particularly useful in the production of

Microtr&1 MPParfblel G EAnAR e cONPOSi tions including plastics
and coatings, especCially for exterior applications.

ﬁetarggulr%glaé glg)lgrrygi%iglﬂleg{o%q%tsgﬁé% xs'%lgfé{r 5 %EQQE?J 70°C and acidified to

arned trom ase oxli dation

of titaniu trachl orjde anq contaipinhg 0.6%.al um na.
PH of afayt (e, oty e b e S sO i ape Fatldhvinis agifesion period of 15
) the presence of 0.18% by wei ght (based on pignment) of,
minutes gba pHrfex 3% apmaispat weighisgfdinghpigmeat, oyas agdedoyer 20 minutes as a
sufficient anmount of sodi um hydroxi de to adjust the pH
180 gramflitérheuddsysedaino alundnae solotiomnwhibl mainGiinifg $he pld of the slurry at a
achi eve an aqueous dispersion with a solids content of

value of3P%a e VcBmitantAMRitiddSd F6b N Pqiebhodiil fiffic ic i li@icH, Bdidl Yulfuric acid
was sand mlled, using a zircon sand-to-pigment weight

. r i . , il J i i
o 545 AP B OB U BRCHR e

achieve gﬁ:’/ﬁi b;{r\ﬁeléllgg{ bz}slg&‘ On %ta%?urrrln d%x?@e? of gdc’-pge%}p%%@dnz%%onium oxide.

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

The washed semi-solid filter cake was subsequently re-dispersed in water with agitation,
and dried using an APV 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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Mcrotrac XI OO Particle Size Analyzer. The resulting
slurry, diluted to 30% solids by weight, was heated to
wQao@sasd4@ci di fied to pH of about 6.0 using 36R6THYS2008/005394
wei ght sul furic acid solution. Follow ng a digestion

period of 15 mnutes at a pH of 6, 3.0% al um na, by
wei ght of final pignment, was added over 20 m nutes as

e%?&lﬁ%?ﬁ{gﬁeﬁm?hro@iﬂﬁ&f’%%or B ﬁﬂh@ rwgh{]@é O&QJS Léffds%‘s’t?d %)r zirconia

urry at a va

t he c ncom t ant dd| 0/ aguequs sul fu
content Gty Acta s Sincrived i Barabd DERO AEoRoalier g Table 4,
zi rconi um oxychl ori de dissolved therein at a
togetherggitfceampaseti vrresdisciieratwe finishad pigmeat sarpples;she fiest grapared utilizing
based on titanium di oxi de, of co-precipitated
the same procedurel desexibeld abdih:eextiepp‘ém‘stihe zireers uml dxyekldritle reagent was batch-
equilibrate at 70C for 15 m nutes, at which point the

added irRide@ihtel {1Befotelthé ¥ddWESn b tRdoRies uftnate Solufé @orhparative Example
filtration while hot. The resulting filter cake was

4A), and'Be REGnY &atr ﬁ%ﬁof%mgé s tp%ced | felerttd a@?@@ but in the absence of

reheate pre Juste toa pHO

the addlﬂ&bﬂtﬂ%C%n%ﬂ?g o&écgﬁ%rbc{e Qe {tsjear%}(il\%é p()télat%fgd @ggﬁé’ ﬁleeaqumina
subsecluentl}/ re-di spersed |n water with a,gltaél on, .and
depositign ptgp thas 1wy aﬁngAbﬁ/%?dd?’@d@ggﬁgle%Qféf @pygpate zirconia and alumina
mai ntaining a dryer inlet tenperature of approxi mately
with 3%2B890gfedtadurpinal(Fompdrajivpigampte gowder . The dry pi gnent
powder was then steam mi croni zed in the presence of
0. 35% by wei ght based on pignment of trimethyl ol
propane, utilizing a steamto pignment weight ratio of
2.5, with a steaminjectomgpeassure set at 146 psi and
m croni zer ring pressure set at 118 psi, conpleting

the finpshed pi d@g@ﬂ{coﬁﬁgaﬁ@bh&a&mlé %%H%& R gment

produced "accor I'nventive’process mas tested

'Fnr—lrr\n ent nhaot o

= E UUIT Ul U\JII \4; _puelér EIIUELIIL’C%L C}& L I Ll rb r/l ’T£I$%CA Slope
4, Exasye Aer wit hl conparative (8201 ts fromtwo fli ni shed3

Comprirgtingritxagaplpfds: |t he first prepdPed utilizing thhe sanel4

ComparatedixangledBr i ped above, excepte that the zirgonium 18

oxychl ori de reagent was bat chadded

Example 4 illustrates the novel process of the instant invention, whereih titanium dioxide
pigment is produced having deposited thereon in a single step, a mixed inorganic oxide wet
treatment comprising 3.0% alumina co-precipitated with 0.2% zirconia (percents are by weight
of the pigment). The durability performance increase (decreased HSPCA value versus
comparative example) of the inventive pigment indicates uniform incorporation of the co-
precipitated zirconia into the alumina treatment. The resulting titanium dioxide pigment is

particularly useful in the production of architectural and industrial coatings.
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i medi ately before the addition of the sodium
al um nate sol ution (Conparative Exanple 4A), and the
W@ 2eenshows epared utilizing the sanme procedure BEBURI0EN5394

above, but in the absence of the addition of zirconium

oxychloride to the sulfuric acid solution used during

the al um na deposition step, thus replacing the m xed

oxi de treatnment of co-precipitated zirconia and

alum na with 3% deposited al um na (Conparative Exanple

483. Tgble 4 Pignment Zirconia Content and

talytic Activity Value Exanple 4 illustrates

t he novel process of the instant inventiaon, wherein

Rarticiate itaniivnidiexide piement inerpedgtoeiaingd frem e yapen phgse

thereon in a single step, a m xed inorganic oxide wet
oxidatiohrof sitaniunh tetoachlorsie wgntdinddg A0 Ymalnmimowas dispgrsddanevhtei intthe

0.2% zirconia (percents are by wei ght of the pignment).

presencel B0, 8531 Weihit (BasddFipGent) BE QAR HedetERAB&PhIISRIHersant,
val ue versus conparative exanple) of the inventive

along with 3G fHcid? gin%gﬁleéf 38]ufa? B%;Br{.tbgﬁtg E(?égcgﬁéti thé gﬁfofttllikedis%ersion to a value

coprecipitated zirconia um na treatnent.

The resul ti.ng titani um.di oxi de.pi t i art.i.gul arl

of 9.5 o ek 10 iR 4 ABERI HiPBSOR Tl TS sl 359 b Welght. The

_industrial coatings. Exanple 5 Particulate titanium .

resultingjfiigrjugedioiisieshiry Weesanddnadled: wiiead AEP2BMhte-RiENeRb greight ratio of
phase oxidation of titaniumtetrachloride containing )

4 to 1, untiDayelumeiavarage padickperewas dahiavad evhergin nivge gran Sofrcef b particles
0.15% by wei ght (based on pignment) of sodium

were smaBxaiRit 868 asichaiscagidaqatisahitilizuha ylividitac X 190fHartidle Size Analyzer.
amount of sodi um hydroxi de to adjust the pH of the

THeSRENBALIub, dilmad HE3®F s8lids 1B weilkRA WS hehted BET0€Y h@N
aqueous dispérsion with a soli'ds content of 35% by

s P R 0H TR L D e 3R oy S
i iy e e 35 AL B soluion, nd
5.0% by weight of trisodium phosphate, added over ten minutes as a 10% solution in water.
While maintaining the temperature at 70°C, the pH of the slurry was slowly decreased to a pH of
7 0 over a 55 minute period via the slow addition of 36% by weight aqueous sulfuric acid
solution, said sulfuric acid solution containing zirconium oxychloride dissolved therein at a
concentration calculated to achieve 0.2%, by weight based on titanium dioxide, of co-
precipitated zirconium oxide. Following a digestion period of 15 minutes at a pH of 7, 3.2%
alumina, by weight of final pigment, was added over 30 minutes as a 180 gram/liter aqueous
sodium aluminate solution, while maintaining the pH of the slurry at value of 7 via the

concomitant addition of 36% aqueous sulfuric acid solution, said sulfuric acid solution

containing no other dissolved ingredients.
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were smaller than 0.63 mcrons, as determ ned
utilizing a Mcrotrac XIQO Particle Size Analyzer. The
wo e®alisiomg slurry, diluted to 30% solids by wePQhUS2008605394
heated to 70C and subsequently treated with 1.8%
cal cul ated as al um na by weight of final pignent, of
sodi um al um nate, added over 20 minutes as a 180

E@ea%#éggiﬁﬁ 8\%‘3 %ﬁg\lﬂllg% f‘oo(?éug i org%h%g?@fé godéégb‘ﬁ%liygeg; %t:\ﬁn}%cl? 'pgi%gc the pH

trrsodiu
m nutes as. a 10%sol ution_in water. Wiile maintaining
of the slppgy Waéﬁﬁ'é?‘h‘tsﬁééo 40 poer to fgatien while het- dhg respltipgdilter cake was

slowy decreased to a pH of 7.0 over a 55 mnute
washed péath apcameunt phwater owhigh dad besm weheaewh thypOfeiand prexedjvstad to a pH of
sul furic acid solution, said sulfuric acid solution
7.0, equalootlad tiimesg tirl ast matadnveighcdtiredoveedgiignettved t herei n at
a concentration calculated to achieve 0.2% by weight
PRs@EsHRR stinl-salid kel Qké dRs sHseGRRES qeaistfeltssai irfWaeP Wit Agitation,
oxi de. Follow ng a digestion period of 15 mnutes at a
. f .1 ' Wely! 4 nal 1 pi
and drief gfi oy APV 3 HRIRE sbly MEUB e iaip o 3 or B DBRS e e of
.sodi u | .um nate sol ution, il i ntai ning the pH of
approxiPEh LAy Frielith 8 rigmem ol e d HE Gt BiETReh B e Fhsen seam
) _of 36% aqueous sul furic acid solution, said sulfuric
micronizgd; i thopigsensa of 830 by migighd besed on pigmens|of égmethylol propane,
i ngredi ents. The di spersion was allowed to equilibrate
utilizingz st¥OCtd pignikht weight emio 2. Wiwitha geaminjedter pidssafre sdteat 146 psi and
slurry was re-adjusted to 7.0, prior to filtration
microni¥étiring pr&dsurelsaat’ lelglﬂsi,icﬁﬁ]ﬁid'tﬂn elic HRkEed\FIEmeRSHeFaraidh
an amount of water, which had been preheated to 60C
ARdcRi6n itg%%ned igr&o‘ﬁc@d &E'oﬁi‘in%tooche BRMAVE Proless wds ec(lj for zirconia

the esti I ght of recovered pignent. The washe

sem.-solid filter. cake S ;supsequent re- di sper sed
content FRREQRAGy 00 BRI BRFRME kg BRI rabte .
oesther g G e R 2t S g ppepared wiing

pi gnent powder. The dry pignent powder was then steam
the sameyproeesire described peoysraxsentdhat dhie Hreepiuny pxyehleride tgageng was batch-

pi gnment of trinethyl ol propane,
added immediately following the addition of the trisodium phosphate solution (Comparative
Example 5A), and the second prepared utilizing the same procedure described above, but in the
absence of the addition of the zirconium oxychloride to the sulfuric acid solution used during the
aluminum phosphate deposition step, thus replacing the mixed phosphate-oxide treatment of co-

precipitated zirconia and aluminum phosphate with 3.8% deposited aluminum phosphate

(Comparative Example 5B).
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utilizing a steamto pignment weight ratio of 2.5, wth
a steaminjector pressure set at 146 psi and
wWOoR@BOs92er ring pressure set at 118 psi, conpPE@r/USIP08/005394
the finished pignment preparation. The resulting
pi gment produced according to the inventive process
was tested for zirconia content and photocatal ytic
activity as described in Exanple 1. Results are
provided in Table 5, together with conparative results
fromtwo finished pignment_s l es; the first prepared
utilizing the sane pr ocedEF@ggescri bed above except
that the zirconium oxychloride reagent was bat chadded
i mredi aPiment difconiakpntané apdi Bhetoesialytic AisEvity Vabii um
phosphat e solution (Conparative Exanple 5A), and the

BigaendSanplpar ed UtCo-prdcipgtatddeZiscmmin @moe (wt. &o)des criHBROA slope

abpvgaplbyt 1 n the absence of theoaddi tion of the 2.6

Comﬁdr{im%ﬁéxghl pride 1o the sghphuric ac! d_ solytron 9og¢

C Syl e gtam o phosp e JdepoUSTtTom §tep, 34
Omﬁfeﬁ A .cpa. a&%?n; tne—m-xed phosp..'.ee- oxt-te—treatfrent—of
coprecipitated zirconia and al um num phosphate with
3. 8% deposi ted al um num phosphate (Conparative Exanple .
]“@g)nptgﬁp]éu%rapqsgh@mvetpmgﬁi thpipsi@nt inyepfion, wherein titanium dioxide
Phot ocatal ytic Activity Value Exanple 5 illustrates
pigmenttibh prodove] havingégesivdd thheeon ms tvamsequantéad isteps,, a mhedenorganic
titani um di oxi de pigment is produced having deposited
phosphatd16Xi@e Mvek fredtMns stpridih@B . 8%¢ gpmintan PhaplatenorgacipRated with 0.2%
phosphat e- oxi de wet treatment conprising 3.8% al um num
zirconiagf;b@lgwaéﬁagl?@% RIGHIRIPSL&ERs Welt \Qeigﬁ@oéf'ﬁltié:%ﬁ?h?ﬁte)f Phd QWaHility

_ 2% alum na (percents are’”by wei gl
petor T3k (SR PP Y PE LRGSR et rpencive

) t.he inventive, pignent indi cates unifqrmincorporation
pigmentcndieHes BBIGTEEFpIOE 0 °F heempeiPHeis EAEom aHp sl
phosphate treatnent. The resulting titani um di oxi de
phosphajy geasment. $he sesulting) tipniymydexide pigmank & paridanlaty eiefdfin the
end-use articles and conpositions including plastics,
productionaf endrase atidles and pampositibrarincluding plastics, coatings, and, in particular,

paper laminates.
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paper | am nates. WHAT IS CLAIMED I S: 1. A process for
manuf acturing a titanium di oxi de pignent including a
w@oBas®44 r eat nent whereby a plurality of i norp@mnius2008/005394
oxi des or a conbination of one or nore inorganic
oxi des with one or nore inorganic phosphates are
applied to a titaniumdi oxi de base pignent froma
ri cess or froma sulfate process, conprising
WH{AJTﬁﬂgﬁéggggygf: a) preparing an aqueous al kaline slurry
of titanium di oxi de base pignent froma sulfate or
chloride process and in which at | east one aqueous
al kal i -sol ubl e source of an inorgani c oxi de has been
ldi ssohpeateshior diasbdciiring atitahigasdioside pigroerd igcluding a surface
aci d-sol ubl e source of an inorganic oxide and/or at
treatmert @dRtebgneplagiliep ofinafdadicsadiddsl g asahibigitiod of @hé onmore inorganic
capabl e of forming a water-insoluble phosphate, into

oxides vth @%%&resi%r%%ih ©hashdtes @l dppfiBd td ABnfom AlAGAbdsY pigment
addi ng said sulfuric acid soluplon to the aqueous

o TR B B SR g (1o

uri acl

ufficient to achjeye final. slurr val ue between
a3 pERRATEE dp afLeaAs GliEline Surmy of Aty Aabdc ke PEEERt drom a sulfate or
~Caim1, wherein the titanium di oxi de base pi gnent ) )
chloridequpesss arfl inaghigh etleasising apecays lkatizoluble sareaofan inorganic oxide
deposit at | east one inorganic oxide thereon fromthe
has beergdissopvezionsi sti ng of the inorgani c oxides of alum num
boron, phosphorus, silicon, titaniumand zirconium 3.

bg_di’is_@ atdER0bAE AghebOs &didisoluBle SONRR%RIfAn ilk@ ghnit dRideMnd/or at
i oxi de base pignent used to formthe aqueous al kal i ne

least one;iécﬂ{:eg%% Lﬁgjsy\gﬁgeh{aftg?qa?gﬁ% C a@leﬂﬁffﬁﬁﬁhg tacbvﬁpxc-’fﬁ_ts%lgls)l’e phosphate,

! he 1 n rgani c OXI e or oxi
into an 3 STAE GrSRBLoBCPdi ng o O al M, wherein the
csjtg?gdug?ly iacsldigg rs:];i(c:)l rs{lrFf{jlrict:) gci]:i %(r)thi(r)]g toathe aqueous alkaline slurry of titanium
dioxide base pigment, the amount of added sulfuric acid solution being sufficient to achieve a
final slurry pH value between about 4 up to about 8.5.

2. A process according to Claim 1, wherein the titanium dioxide base pigment
selected has previously been surface treated to deposit at least one inorganic oxide thereon from
the group consisting of the inorganic oxides of aluminum, boron, phosphorus, silicon, titanium
and zirconium.

3. A process according to Claim 2, wherein the titanium dioxide base pigment used

to form the aqueous alkaline slurry includes from about 0.5 percent to about 5 percent by weight

of the inorganic oxide or oxides, based on the weight of the treated pigment as a whole.
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m xture of titanium dioxide base pignment froma
sul fate or chloride process in water, and then addi ng

W0 e0oBhasomé Xt ure at | east one aqueous al kal i - sOPCIIUS2008/005394
oxi de salt selected fromthe group consisting of the
aqueous al kal i -sol ubl e oxide salts of alum num boron,
phosphorus and silicon. 5. A process according to

aim4, wherein,.sodi . Or t assj,um salt.s o .
£ i B e R BB CRR ) SReRIE It iSo fosmeg py forming a
. added.in the form of an aqueous sol ution containin
mixture of AR dioxidebase prgmeny frg%bﬁ pulrie peshlende processiiy ma%‘éf and then
the di ssolved salts. 6. A process according to C aim
adding tg thenméxturerat deadi onn asjuepan alkali-sotnblaloxileshlt stlgeted fiom the group
, boron, phosphorus or silicon are used and added in the
consistifi@oithe hqasvuagliatitsslubdd okide salewTalintinag, bowm plphoras and silicon.
percent to about 40 percent by weight of the dissolved

sal t s plocels RIRBEARS tACHYND, Metcth SddRio? pottB&hAI Alts of aluminum,
sodi umor potassiumsalts of alum num boron,

boron, pglpﬂﬁﬁﬁg&%ilﬁzronsa&% B{el(ar}inaraﬁd £dnepel a&%%da@glg?ﬁsﬁhitﬁ)rnr@ontaining

an aqueous so on contalning rroma

ercent t bo 35 percent. i ght .of the dissolved
from abfj &gt TRl 0 B BELE Wriah ol Be L Biolied Slfier er 1 t he
at | east one aqueous aci d-sol uble source of an _
4-nor gAdrecesxaerding & Chrimay whsrengnsditne oppofasyiwnsgltyof aluminum,
wat er - i nsol ubl e phosphate is selected fromthe group
boron, phosphiosts argilaontaneused wad uddatindhs Girobd feanseue suscolution containing
al um num cerium tin, titaniumand zirconium 9. A

from ab@itFCRSSend €S Solit 1 pbrehd 1R} Weight Whbe gistolveesalds. | east one
aqueous aci d-sol ubl e source of an inorganic oxide or

Pf a galdRBs &&BF%}gtooélairﬁrmgreﬂl VWaliGh 'oh 25@53%%alts of aluminum,

phosphate I's add and dissolved Into t aqueous -

ulfuric acid solution.in.the formeither of a . . ..
boron. pfse¥bind 5lPaalh 53l afabd Febg oMl lgp o Jengjon qniaining

from abGid gt B30 DS BNy GeRe S ORI Tk U ed |

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

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

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

in step b) is from about 5 percent by weight up to about 98 percent of sulfuric acid.

29



in step b) is fromabout 5 percent by weight up to
about 98 percent of sulfuric acid.11l. A process
waewensliong to C aim 10, wherein the agueous suP¢T/IDE2D08/005394
acid solution used in step b) is fromabout 20 percent
by wei ght up to about 50 percent of sulfuric acid. 12.
A process according to Caim1ll, wherein the aqueous
ul fugi ' Ut 10 ' ' - .
J5. pe cio@st sbepRlitf CIsHA30, uBerBhizBe Budohs SR ARRM bolution used
. ulfuric acid. 13. A process agccording to Lm1l,.
in step bl oPREAY pergitc i B Ehtindo BESE 0ttt of sz
about 5 percent up to _about 65 percent by weight of )
Phe atypeengss adeReding® Glaimly, whereinghp paucsns salferds afidhgolution used
to Caim13, wherein the titani um di oxi de base pi gnent
in step bi) $s fromrababio2f perberp by oarighttup talabot 40Depenc efisulfiyicvaeidght
of the aqueous al kaline slurry. 15. A process
1&¢ cor AiphgtebPadebaiing ACIanA el KhbreihBe titdrdith Wi HO¥AsdPigment is
base pignment is from about 25 percent to about 40
I j f ' : :
from ab @l S5 Hcr i I UEATH € pelsRf, Gy HERHEL AL BadREp Sy spi
of inprgani c oxides, ot a nbj nati on..of .one. Qr. re. . .
Phor AR FELAGE 1 Crta T3r il BRPisafh i RisE piggment i
that are depgsited fromthe al kali-sol ubl e, and
from abgyti13-pe#tenbiocaboyli# ¢ Bercer| byersighiatyhe apspns alkahingsluspy
0.2 percent to about 10 percent by weight of the
15i. gnefprasgseaccording toe@laimldi wherdim, the vitanium déncddssbase pigment is
according to Claim1l6, wherein the plurality of
from about@5gRAieRt RXAHDRE4® peraetdybiveight cithoiquedes alkalife surry.
i norgani c oxides with one or nore inorgani c phosphates
ftehat  RAeodePabldsl {0 Omirh Newabika the Rty fa#R6kganic oxides or a
aci d-sol ubl e sources collectively conprise from about
combmagxlog r?g E)Elg gmnoi' 1n%p : ic (%(1&’693 \gﬁfm)n@gr Pﬁﬁxlggngrgg{ngtc@ggphates that are

ased on anli um di oxi de.

depositefl ity e ks Tille Ghd AtidaEbiE dubers sBl1gk el danffrise from about 0.2

i norgani c oxides with one or nore inopganic phosphat es
percent fotppoub e pereprsdiytwerightrofithe pigmenileased es figaniem giexide.

aci d-sol ubl e sources collectively conprise from about

17.0 A process according to Claim 16, wherein the plurality of inorganic oxides or a

combination of one or more inorganic oxides with one or more inorganic phosphates that are
deposited from the alkali-soluble and acid-soluble sources collectively comprise from about 0.5
percent to about 8 percent by weight of the pigment based on titanium dioxide.

18. A process according to Claim 17, wherein the plurality of inorganic oxides or a
combination of one or more inorganic oxides with one or more inorganic phosphates that are
deposited from the alkali-soluble and acid-soluble sources collectively comprise from about 1.0
percent to about 5 percent by weight of the pigment based on titanium dioxide.

19. A process according to Claim 16, wherein the weight ratio of deposited oxide(s)
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percent to about 5 percent by weight of the pignent

based on titani umdi oxide. 19. A process according to
wW@L@s36bdq wherein the weight ratio of deposi tRCI/US2008/005394

oxi de(s)and/ or phosphate(s) fromthe al kali-sol uble

sources to the acid sol uble sources thereof is from

about 30:1 to about 1:10. 20. A process according to

and/or p&l élqt%i% frovf@%ea{l%ehlos pﬁg\ge?% #?}Lﬂ&? b Sgﬁl@&]sgioﬁ“"g‘%F tl%elreof is from

urces to the acid soluble sources thereof is from
about3%g6‘b?b°2’(§1110to about 1:1. 21. A process according to
Cl ai m 20, wherein the weight ratio of deposited
HXi de(ssa)rocwﬁwqwrcbng)gpﬁm@(@) wheigin the efveagh&aaitm alofqpepiged oxide(s)
sources to the acid sol uble sources thereof is from
and/or pabsphiatel9:florh theadikali-s@uble s@@rcePtothe ecid somblrmrodraey thaveof is from
Claim1, further conprising depositing a wet treatnent
about g@h Wby oxi de onto the titani um di oxi de base pigment,
while maintaining a slurry pH between about 4 to about

?th Af tr«? esS H&%&ﬁﬁ% 'tc@tla%fjm A ?lteﬁl the %l 1SR PbE %tdo aﬂ oxide(s)

I nor gani oXil | norg nic OXI

st RSSERLPD 3R AP0, e P BB 2 hors om

di oxi de pignent including a surface treat ment wher eby
about 11 0 abeut 2ty of inorganic oxides or a conbination of
one or nore inorganic oxides with one or nore
2or gamireceshasphding o Glamdp filrthed compasing tlepasitingi vt deatment
base pignment froma chloride process or froma sulfate
aluminupd 6£68 Sntocth&Htanfind didxtide Isdse pignadnt, veiledhsinalining g shirry pH between
| east one aqueous aci d-sol ubl e source of an inorganic

about 4 RxABIR 8RJARL: ﬁBsthﬁ%ﬁ fy &ﬂﬁ)l&@@%l&eﬁﬁitﬁn%qhé' BliReBMotgaic oxides

a cation capa e of ormng a water-1ns

and/or ugzlﬂgaﬁh %&Fde ah ?tpﬁe%l?}a?e%%%iﬁ t?qlﬁ Js th%ﬁ@ggﬁggaghg%ng st c).

one a I-SO

| .hor nlc ox de in an
i3. gg process for manu cturlng a tltamum dioxide pigment including a surface

treatment whereby a plurality of inorganic oxides or a combination of one or more inorganic
oxides with one or more inorganic phosphates are applied to a titanium dioxide base pigment
from a chloride process or from a sulfate process, comprising the steps of:

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

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

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

an aqueous alkaline slurry of titanium dioxide base pigment from a sulfate or chloride process,
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al kal i ne solution; then c) gradually adding both said

sul furic acid solution and sai d aqueous al kal i ne
w@odoatiaeome t 0 an aqueous al kaline slurry of titBRCI/U82008/005394

di oxi de base pignent froma sulfate or chloride

process, the anmobunts added of these sol utions being

such as to achieve a final slurry pH value between

the amoﬁt?tg %Eldé]d &ﬂhés% S%Pu?fétns %ei%g such as to achieve a final slurry pH value between

about 4 up to about 8.5.
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