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WO 2005/049496 PCT/US2004/03 74 2 1 PROCESS TO MAKE RUTILE
PIGMENT FROM-AQUEOUS TITANIUM SOLUTIONS [0001] The present
WihBR6MIelates to an economical process for making Ti02 RERGsmeot7421

from aqueous titanium feed stocks. The process uses chemical, 5

. physical, and thermal control to create unstable intermediates to
significantly lower the temperature of rutile crystal formation. The process
provides good control over the rutile crystal quality, size, and particle size
distribution. The RREHAESES CEG HABEYRET HnEHN GRESSE.
BACKGROUNDFRO [d08QURO UD T FHMEMh 3R UETMDING processes
dominate the pigment industry. The sulfate process, invented in the first

parfowie twentjgih sy ;ﬁ«@ﬁn&k}?r&iﬁé&%%@%@oﬁ%w%é&%‘ for making

hlc?{ﬂ%ﬁower The sulfate process uses hydrolysis of a titanyl sulfate

Ti0g SiiiHo A9y B R UGR oA RB B Ry - te R BraseRS alemelimical,
phyBlepleadihp em e temperatusatefithatasicinasionduatis (0w 300 ower the

¢ n rystal p rtlcles are p rod ced. [0003] The
o B e Y o B L RS ke RS s e
rutileugies pibanelity W@clalmll@erpmmem @ﬁsb&himnéﬂmbgbmﬁtamm%@ltﬁe%cyoled
in tHdpiBigimediate product to form TiC14 followed by oxidation of the TiCl4

at about 1400C to form pure T102 suitable for pigment applications. 20
BAH0A @R methods of production have been proposed, but none

PrIggE| o oA 8l Rifieen MR SRR R IR ARG SRR N pioment

particle-Size distribution. ne process Is
'“duaa“gcr%saﬂfﬁamﬁa%%&w&@miuﬁﬁl@f@"ﬁideapt.gﬁtémwmlmamamury was the

first @Xychlaiidg W%MWH@I’Y@'&\M}OW%@ DirsRicination %fsgkehydro dysas ofa
O E T e R T Tk e
Depdeveigpedithatismlade: ectrotalchibiproduie HiRg DOMEP PSS (under
900 LY LRQEPSS R ARSHPS AN - patents

[0603] . The chioride process, introduced by DuPont in the nineteen fifties,
provides a rutlle pigment. The chioride process uses chiorination of a titanium ore or an
intermediate product to form TiCly followed by oxidation of the TiCl, at about 1400°C 1o
form pure T1O2 suitable for pigment applications. _

[0004] Other methods of production have been proposed, but none
provides an economical process with good control of particle size and particle-size
distribution. One process is disclosed in £P 186,370, which describes a method 1o
make tetamum dioxide pigment from titanium oxychloride by dilution hydrolysis, fol;owed
by calcmatlon of the hydrolyzed product. This process is a high-energy consumer and
does not allow good particle size control.

[0005]  Recently, a process has been developed that is able to
economically produce TiO» pigment paricles. The process is described in U.S. patents
6,375,923 and 6,548,039. The patents include methods to produce crystal particles of

TiO; by calcination at relatively high temperature.
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6,375,923 and 6,548,039. The patents include methods to produce c(9stal

articles of Ti02 by calcination at relatively high temperature. 1 WO
W‘ﬁ%ﬁ@s’fﬁﬁ@m PCT/US2004/037421 [0006] In contrast to the B&EERg04/037421
technologies to make rutile pigment, the present invention is based on the
physical effect of certain salts to promote the formation of unstable Ti02
crystal intermediates, without chemically reacting to a significant extent

witfoUE] Becalusenfithe prenensesahie:saRsIcystARIe S Ri: pigment the
recorqf;gura}limqnso[fTiO such a br_oo}<it , can form and be converted into
PrERRe ritile T10Y B %%e%?ﬁﬂﬁc‘ﬂﬁ%%%@ t%%?ﬁéfgtﬁ?é?fﬂﬁffﬁéqmm
formetivireflinsablexigiingrpatéstas dlemicalitanit ol RGSREII $RBRIBLS a
: capirol icle size and patrticle size distribution.
S0 R R S S e o g
configifainioe Byl ipresHfingahiambiiehoas fhimfimdiberoadiatedriom thieadile Tio,
phaselfignchenaed sRIBHAR-JS desH Wt@ﬁﬂ%%%&ﬂﬁ&%&ﬂg t%egsﬁng

agueous_solution of titanium tetrachloride. This feed solution may a

PIOGEHEAIN gmﬁﬁéﬁﬂﬁ%?{c?ﬂ?é?ﬁﬁé?@ﬂﬁéﬁﬂé@aﬂ@mf%&ﬁw gtiotrds of particle size

and euainsaded drthbydelyzed, preferably in a spray drier to produce an 15
SUI@ rp%%ous intermediate, which comprises hollow spheres or parts of
m . By amorphous intermediate is meant a mixture of compounds

thquoomain lessHBasddin /vaaaBIZRIRNARABASIGHIINGY R¥ie Tio, by
_X-Ray diffraction. These compounds do not form an organized ystaf'

P P Mo A P R e 5, i a.areneg. digifadaoluton

is ddnithig ittt Fhe blaltids lmrm@ﬂm?tmbedisgrmmaﬁmpﬂmmlﬁ &rachloride.
il jate. intermediate_is believed to n inorganic polymer

T ol e S e e o T AR R L oo

soluligsgs anrrered anddigdeeliciat atefetehipératume hygtrien doghoouiarn
amoﬁﬁf@&%@?&@ﬁé@f%lﬁéﬁ%@'&%&@%W&H@bﬁ%r@?&iﬂ%&%ﬁ%@?gg By
reaction of the salts with the titanium compounds. Depending on
amorphous intermediate is meant a mixture of compounds that contain less than 1 0% of
a crystallized phase, as determined by X-Ray diffraction. These compounds do not
form an organlized crystal structure and all elements are homogeneously and randomly
distributed in the thin film. The salt is homogeneously distributed through the
intermediate. The intermediate is believed to be an inorganic polymer consisting of the
elemenis Ti, O, Cl, and H.

[0008]_ After the evaporation step, the intermediate is caicined at a
temperature high enough to form particles of TiO; rutile crystals but low enough to
prevent the chemical reaction of the salts with the titanium compounds. Dependinlg on
the composition, concentration, and character of the salts, the calcination generally
occurs between 300°C and 800°C. The calcination time is typically very short because
the rutile crystallization is catalyzed by the presence of the salts. The salts appear to
initiate the formation of unstable crystal structures of TiO» such as brookite. As a result,
the calcination time required 1o form phase-pure rutile ranges from the time required to

meilt the salts, typically less than one second, to a maximum of about 24 hours.
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25 the composition, concentration, and character of the salts, the

calcination generally - occurs between 300C and 800C. The calcination
Werneeigypically very short because the rutile crystallization ispeatalgzert /037421

by the presence of the salts. The salts appear to initiate the formation of

unstable crystal structures of Ti02 such as brookite. As a result, the

calcination time required to form phase-pure rutile ranges from the time

requi 30 melt the, salts, typically less.than one second, to a .

b 00 o abo TS G D AVEr S LIONb dBe it L g Aupmentary
rutfedegcThedaltedrelvasiasd offwitke dedonizbapsated dmgp@pigrmgmiausty particles

witwglgi}?eaz?@tﬁ)f?%ﬂieg egﬁﬁngafgr{gﬁgﬂ]e%ﬂgm‘?f)@@%ﬁ? e?cﬁrR%?Q\lilg %ontroi of the

primary particles with a size orresponding to high'quality

Papigimeine arslingstielrestantlislidrulienp aRrdEgizgeia paghicrs dinecompounds can
beQiSEDWIOR REATINOVAASING SHEP Asneoeneunr6ARiRRRUIEY: Sttitation

from the washing step may be recycled, conditioned in a purification step,

Steﬁn@%fﬁéé‘i?‘iirﬁg@ep%%%%%?'DESCRIPTION OF THE DRAWINGS [0010]

DHIGRIFNOM@HlaMERRIOMBEGSbodiment of the complete process
accpuding to themeeserhiwertinbwlshRA LG distoveatiguneheshalete

another embodiment of the process of the present invention where the

PRSP ER NS A e BIRS SR ISR anium  tetrachloride, or titanium
oxygbddrigie, prepied bliany dantons:Hee1e] FGthdshowsdrpbasef the process of

thedi? rgrr]?.o{{ éﬂ 2 S %eerp 'Ehagé'égé}'-@-iSC%rEbi”aﬂO”S ftheseﬁﬁlts-can be
UEEdh the process of the presenfJ mven%ongfg?%fﬁtgi@ 2'SA3WES

telgENbiivage tfaiaramopiiotddnterenediatd pefy eneateination. [0014]

ISrgppggsents %5@3%&%@5%%%2%%5%%%@ (HENRRYIAE i

0
bef_ re cdlcination, where the s \ 15| FIG.Bba'ls a I\_/I Image
Coptinatisaiserf ih@m%ﬂﬁ%@ﬁﬁ@ @ﬁﬁﬁrﬁ&ﬂéﬁ.ﬂ%ﬁ?@ﬁ]fﬁ@ rgBas tdiealied.

SENbimage of thgsalied Ire e Hifie M of the amorphous intermediate before

calcination.

[0014] FIG. 5 presents a XRD pattern of the salted amorphous
intermediate before calcination, where the salt is NaCl.

{6015] FIG. 6a is a SEM image of the salted intermediate after calcination.

{0016} FIG. 6b is a detailed SEM image of the salted intermediate after

calcination, showing a local accumulation of salts. |

[0017] FIG. 7 shows a possible mechanism (pathway) for low temperature
rutile crystallization according to the process of the present invention. :

[0018]) FiG. 8 shows by means of a series of scanning electron
micrographs, the transformation of the amorphous intermediate into phase-pure rutile.
crystals. ]

[0019] FiGs. 9, 9a, and Sb show the same rutile crystal phase
development as in FIG. 8, by means of XRD patterns.
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calcination, showing a local accumulation of salts. [0017] FIG. 7 shows a
possible mechanism (pathway) for low temperature rutile crystallization

woasceouamgsto the process of the present invention. [0018] FIG&-{5ROWS Y421
means of a series of scanning electron 25 micrographs, the transformation

of the amorphous intermediate into phase-pure rutile crystals. [0019]

FIGS. 9, 9a, and 9b show the same ruble crystal phase development as

in EIG, 8, by means of XRD patterns. 3 WO 2005/049496
Pd?A38bo04/0B a2 040820 KiE: RalieiR & KrDpathAwT iermediate after

flastaoaniphovis iErotedisisakerdiash qalgieationtal GRS CIrLQisaGaNIRItI was
that the conversjon in%J rut lie was very fast. Only traces of

how
Vewjﬂgﬁa enﬁfﬁ%%ceeﬁ% 6?@%@%?.’3[ 6%?&?@7%%‘\‘3 an SEM image of the same
mq a2} showifita thiifdsan 5 Eivlictiae: ab bk developed:ril|esprystais:oliniform
i tary size, FIG, 1 OC is an,SEM.image, of flash in . .
struGIAD I AR R bR ER 50 SRR s s oM mage

of flaghr-erates! oreorteuadelpnstal Ficwvine 4 tdshohngangntag ef otk
crystigha Rhshapes Phineupsinble Rieakiteciyeial GIRSSERIMEIIBINE a variety

early stages of calcination. Brookite forms complex elongated

of shamssPidfbieRRia kropkiecrxtiat riare 1 dosnad butpagirdages of

calcipiiiar BrodkRe Rierkit 200 iR PEHUNOMEMALOBAsIStRlfe I9024ls have
: ]’2 is an SEM image showing integégted conversion of the unstable

aﬂaglﬁ%ﬁ Bl N ISh SRRSO RIS a S PR PP EFE PR 1AMy RegHEe bRtagonal

crysfeddcination. 15 [0025] FIG. 13 shows an SEM image of the-calcined
T e e it S, Tob e By U SEE Se re

unstalelaiiodifite cateinbpheigprieiot iodisegsréduepafity icaliomation siagerashing.
calcination.

[0025] FIG. 13 shows an SEM image of the: calcined pigment base
produced in this process, after the salts were washed off and before the milling step.

[0026] FIG. 14 is an SEM image showing a detail of the calcined pigment
base product after calcination and washing.

{0027} FIG. 15 presents an XRD pattern of the intermediate caicined at
550°C, after the salts were ‘washed off. The XRD match indicates phase pure rutile,

with no other crystal phases or salts present in this material.

[0628] FIG. 16 shows a milling profile of the material corresponding to
FI1G. 15.

[00629] FIG. 17 shows an SEM image of the material corresponding to
FIG. 16 after milling. ’

[0030] FI1G. 18 shows an SEM picture of a rutile pigment base made by

the process described in FIG. 1.
[0031] FIG. 19 shows an SEM image of rutile with a particle size in the
nano-range made according to the process of the present invention. The primary

parlicle size is approximately between 40 nm and 100 nm.
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[0027] FIG. 15 presents an XRD pattern of the intermediate calcined at
20 550C, after the salts were washed off. The XRD match indicates phase
WOpLies/matilee with no other crystal phases or salts present in this-madesiales 7421
[0028] FIG. 16 shows a milling profile of the material corresponding to
FIG. 15. [0029] FIG. 17 shows an SEM image of the material
corresponding to 25 FIG. 16 after milling. [0030] FIG. 18 shows an SEM
DE iétﬁg ﬁ utile pigment base made by the process described in FIG. 1.
0031] FIG. 19 shows an SEM image of rutile with a particle size in the

nar{643Ahe madefmcorginpeactReprocess pidhespresent fryeation Eheon
i icle size i roximately between 40 nm and 100 nm. 4
C o A Rt LSBT0 b DI TECoR P R o o

- ConREtE AgeRbW!iIT A2 reripent ob huf dodufiresensiapentidh aampssesalyzing

ihesfplieningaenenal il ratian.of: s titanium__.
> tco?nMOU nc‘??éed s%%t%r%? fér?eg{tr%%%t%gﬁ%eg Es%ﬁ?ﬁ%%%ayg?eé chfpk:eg%iﬁﬂi)l(éomml

20epLR K IRPBUAHEN (rabhidnt gtrme duinad e bihasplatinntobptamalio produce
an iseediagiardohemicahenningl orariiss i) § VRRMRHAL ISRy Spray

hom%r ing)_of Ih .splution of ste ito roduce an intermediate powder

sy P bR G2 tal o o CERRIBT RIS BOMB TR BBk form

crysthdiributditisalts; (&) dairthatioiofing pewwsenet stepidvitiarm ¢ ine
i hite\ leaving t talyzing salts unreacted with any titanium 10 )

Co gL ) Waoh o N SE 3 S e i oLt irteline g st

2 frogp deri Gy staling mble. e eppstisitiieguliehe Batosalitioning afwbedalt the washing

stepSolulianFReAVRI BRI {BeNASHING: SIPRIQNLRLIN IR mmre@%ﬁ:ﬁtsmé’
andﬁ%S dlsg)ersmn, of the crystalline rutile aggregates by a wet milling
A9 %B& WEHR AR STOIGUEIL drmen ehHEe thrtilehdepeot besindor further

processing.

[0033] The separate steps will now be described in more detail.
Preparation of a titanium feed solution

[0034] The first step of the process is the preparation of a titanium
compound solution from any appropriate titanium feedstock. Desirably, the titanium
compound is in solution and Is not a suspension of particles. The feed solution may be
prepared by any means, such as that described in U.S. Pat. No. 6,375,023, the relevant
portions of which is incorporated herein as reference. In this regard, a titanium
oxychioride feed solution is produced from an ilmenite ore concentrate feedstock. The .
feed solution may also be prepared as described in U.S. Pat. No. 6,548,039, the
relevant portions of which is incorporated herein by reference. In those patenis,
anhydrous TiCly may be used as feedstock. Aliernatively, a solution of titanium
oxychloride and similar compounds from any other source can be used as shownin
FIG. 2. Desirably, the titanium compound is an agueous titanium compound solution.

More desirably, the titanium compound Is an agueous titanium chioride solution.



10

15

20

25

15 [0033] The separate steps will now be described in more detail.
Preparation of a titanium feed solution [0034] The first step of the process
WO ibedpreparation of a titanium compound solution from anyeefireRfiRes 7421
titanium feedstock. Desirably, the titanium compound is in solution and is
not a suspension of particles. The feed solution may be 20 prepared by

any means, such as that described in U.S. Pat. No. 6,375,923, the
relevant portions of which is incorporated herein as reference. In this
Addl@@ﬁrﬁf salriRe 8xlfchioride feed solution is produced from an ilmenite

orepeaymentratesfegdsin %fEF&téegﬂr&[ﬁMl% DR ARIDFREPHEL B84 in the

described in U.S. Pat. o 6,548,0 e relevant portlons 0 WhICh IS

man5“’@0?88?%?%%@%%%%@@&@“@%8@9 paleies 258 mpyiiyas Tiesiucan be a
singlngyiber useshatsieReisiSiaIAltETRataBly Argpbdior &f thanma g at any suatab!e

chioride and .similar com rom other source can be used a
e G S e PP L Gl 20 P Egtoed o the
procasarﬂuﬂngdhmeumdmcﬂumm:oham@deﬁn@biyaljrmmgmmmmﬁmwadataca@

ague 05/0 9
nagCPCT/%gS%% %fl‘w {?J E‘(%dltlon o caa ZSIHE]%SS. avﬁé%ia&aoftgen readily

COﬂve&té!pﬁnm%wmﬁWb@W@M@ly dispbhrsdsiatiie ctmemalmoéompwndw rutile
q]b'@@@]to formpgsalieg,feqg éﬂMQQmT R ?@égl% Wéﬁﬁ‘é‘nb% é‘oﬂﬂ%"?n the

or a combination of saltS. The catalyzing salt can be added
aq”%’&ﬁ&ﬁi@@ﬁh@’ﬁﬁg? RPBSPorHis AT @X%lﬁfﬁ%"%ﬁéﬂ%@aﬂﬁ@@élﬂ@hrﬁad with
titanibe mrogueadetnmbaeﬁfm@uangéh@&plmmeeﬁa@%ﬁi@@séf Rianeratty

o0 R R oty g B o
800° Caldina oy it rekido Wsé&amamiystdaaiabgnﬁ%atarm@mﬂ@; point
be!o&qggpu- 9\% %%ligb%ﬁ]geﬁ% agf%?flf% n%t)g%lgjrese‘nt mveptlon IS {l[!_]g sqgeir

aqueous titanium c e solutl t remains cﬁemlcal
Ca"afﬂ&%ﬁ%ﬁx@&ﬁﬂtﬁ%ﬁl@ﬂ'@mﬁpowngimeﬁmﬁmt&fm rangesmedgn

agentbe PHRSRNERIORESS Sanerfllyy %8&%@\:\!&9%@ VORI 1S olten state.

: catal‘yzzing salt has a melting point of less than
[6037} The catalyzing salt that can be usexd in the present invention

includes pure compounds of NaCl, KCI, LiCl or any mixture of these salis or other pure
chloride salts. The phase diagram in FIG. 3 shows melting points of NaCl, KCl, LiCl and
their mixtures, which can be used in the present invention. Salts that are useful in the
present process can be added directly as chioride salls. Altematively, the cations can
be added as other compounds, such as carbonates and hydroxides, reacting with an
excess of HCl in the feed solution. These unstable cormpounds will be converted.to*
chemically stable chlorides.

{0038] The quantity of catalyzing salt to be added and dissoived "in the
feed solution may be from about 3% by weight of the e quivatent amount of titanium |
dioxide contained in the feed solution up to the amount corresponding to the saturation
point of the salt in the feed solution. Desirably, the catalyzing sall is present in an
amount from about 10% to about 50% by weight and d esirably from about 15% to about
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800C. The catalyzing salt added to the feed solution desirably has a
melting point below that of the selected calcination temperature. It is
wobelisvedythat besides their 15 catalytic effect, the salts may ssofunBliA7421

as fusing, mass transfer, and spacing agents. These effects are
particularly important when the salts are in the molten state. [0037] The
catalyzing salt that can be used in the present invention includes pure

;. C : I I, L mixture, pf these ther pur

2 & D SR o e

equi%@ﬂ"Lﬂ‘@Wﬁﬂoﬁ@%ﬁOﬂfﬁiﬂ%Qﬁ Wieidhesksrdetiosed in the present
inygayp. SaltW%@JﬁiHi%f%@élﬂ‘Rﬂﬁ%eﬂ B{quﬁaﬁbggiﬂgqgﬂlp? ature for

_dlrecg}li/ as chloride salts. Alternatively, the cations can be added as other

a mityre s ihadhssepals dirowtsRls SATRYEisTet e Akl Kith and dlatels of

pari@fiitCkiniththécesd solutivpnTibaserHosakla rompapdaadllbaanveried oy,

... 1o, chemically stable chlorides, 25 [0038] The guantity of catalyzing saltto
LiCl i et PG e R AIBASHRY B SR UE 3ok syeutectic

compueightofdhetheaivalessraunicaitanivanifipyisiaicIniBinrB i the) feed the
ution up.to the amount corresponding to the saturation point of the salt

Sysfe?ﬁ? & G LOREERI BRLIFAbRM tRa st iRy Y e Jrve pTina Bt do

not rdtpmeaibeuiddiformabeltaoft Mitwaighkandidesirally fromahertis% iRe
about 6 WO 2005/049496 PCT/US2004/037421 30%, and more desirably

pres%?omv%aézgp 20% to about 25% by weight of the amount of the equivalent
Optiamboheofitidd eamaintand thidited sélstiodiikPage g providing a

m@f;nase P o'%?%?rﬁgﬁ?éié%&e%“@%fat%g

Jor.amixt re of the ‘f 1
S, the eutectic co position o e Na I, ﬁéﬁeandsﬁaa?f(fg C!)q g'e nd
prodyshribaraassantine e sepding auiors Tire bateddedtrribspaedsseiutiooun
additiafl P9I daialy Aftgnal?e ﬁ%&@%ﬂéﬁ&é@%ﬁ%@hﬁ@%@@&ﬁﬁ%ﬁ% Apint

. of 346 C. The eutectic compositions for the binary systems LiCI-KCI
IncorpaiatGiyhEIRT 6P ABaPREan] aiteidl by hiensrabritien and erlgipatian
proceabosit-buS-anrals b rovideianvionelingigigurestiaat o fekreaheniial control

and s%ggiggnagoggtg Eﬁ%{&é‘éﬁ%{%?g‘ go rl?mealggg t%f t?%eci)nn%goeu%rgsc?nsﬁwgfsttt]e}%nous or
stannic form (Sn** or Sn*").
Evaporation to form a thin film salted amorphous intermediate

[0041} The saited feed solution (which may or may not contain chemical
control and seeding agents} is evaporated to form an intermediate powder consisting of
amorphous titanium compounds and a homogeneously distributed salt as shown in
FIG. 4. Desirably, the evaporation is conducted in a spray drier. Spray drying
produces thin-shelled or “thin film” hollow sphere or parts of spheres as shown in-

FIG. 4. In other words, evaporation by spray drying provides an amorphous salted

intermediate.

[0042] One process for making the tilanium amorphous intermediate is by
spray hydrolysis, as described in detail in U.S. Pat. Nos. 6,375,923, 6,440,383 and
6,548,039, the refevant portions of which are incorporated herein by réference. A

typical X-ray diffraction (XRD) pattern of a NaCl-salted amorphous intermediate is



10

15

20

25

30

10 present invention. Optional chemical treatment and addition of seeding
agents [0040] For control of particle size and particle size distribution in

Wwo thesfiratoproduct, chemical control and seeding agents can pe@ageamf 4937421
the feed solution in addition to the catalyzing salt. These chemical control
and seeding agents are 15 incorporated in the resulting pigment material
by the evaporation and calcination processes and cannot be recovered

for recycle. Suitable examples of chemical control _and se gin agents |
shou S e B R e e Rty or e
amorfgron ¢ S hedigie 40 HhEvagenationiyaimentatttdcflaiyzaitpdadniothbous

subsiRIgImediaie. %%Lﬁ&ﬁ#éfﬁ@ﬁ;ﬁ@l&@%%z&ﬁﬂw%% &%ﬁ MO We

contain chemical control and seeding agents) Is evaporated to form an

presgptsy RidiRstecpGier iosmadimytbe sersheliaiamarmiuait powiasdintea
hegraagneouslysliakinyesksaltgmatoyndn, B stePSRrabNrdBE recycled as

evaporation is conducted in a spray drier. Spray drying produces
showphin 5l&elidid thin film" hollow sphere or parts of spheres as shown in 25
Calcinlifioh. In other words, evaporation by spray drying provides an

di diate [0042] O for making the .
A orel 5 2 PP dp g e PR S e e P n 2
tempeetaldndigs: PatrdlpgricB TP A8il6 Ht6:38S fanch 6,548, 689ifibaretewatital
' f whi ' at inb . A 30 typical X-ray. .
e LR e
consigecd eanidaaos e The spabyOee reghbwn indaBcBmbiobiuxr ah iffdection,
which\RHhaaae G ©E8 IRaF ABRAREH N6 CARANY BFHR ARHRARHS

intermediate to homogeneously absorb the catalyzu;aysalt in the

siPtekciure oP@ReRER RATPAAYBRORAEMsEURRR Sty kR B bt are
desirghowscihedsesansenchNaGs crysials, formed on the surface of the

amarphous intermediate. 5 [0043] HCI acid gases originating from this
s@@‘g d esiré%f}'?%%@él galgganon temperatures range from about 300°C to
about 800°C. At calcination temperatures less than 300°C, rutile crystals are mixed with
other TiO, crystal phases. Above 800°C, the rutile crystals grow larger than pigmentary
size, and, in some cases, the added catalyzing salts significantly react with TiO,.
Desirably, the caicining occurs at a temperature less than 800°C, desirably less than
700°C, more desirably less than 600°C, even more desirably less than 500°C, and
particularly desirable at less than 450°C. The temperature range used for calcination in
the present invention is significantly lower than the temperature used in the calcination
step of the existing sulfate or chloride processes, and we have defined the present
invention as a low-temperature process.

[6047] The calcination time is from the period of time to melf the catalyzing
salt to about 24 hours. Desirably, the calcination time is less than about two hours,
more desirably less than about 30 minutes, and even more desirably less than about
one mimnte.

[0048] The transformation of the salted amorphous intermediate that

occurs as a result of calcination is clearly shown by comparing FiGs. 4, Ga, and 6b.
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shown in FIGS. | and 2. Calcination [0044] The salted amorphous

intermediate powder is then calcined in a temperature range where
wOopigsientewy ruffle particles form but no significant chemical 1@ceastonof7421

the catalyzing salts with titanium compounds occurs. A chemical reaction

is considered significant when the product of the reaction is detectable by

x-ray diffraction, which generally indicates that more than 0.5 wt% of the

FIG. Q{%%ﬁtgmrgéﬁaa 10045k Gassadriaansd. dmlﬁ%@glnw@c@fg%g HeSon

and HCI) are desirably recy cled as shown in FIGs. Tand 2. 1

mtcr@Eﬁ@Faﬂ%wémaﬁ%mmP&ﬂg@lﬁw@m&%wdmg@wmdab@mmomhous
thin BOP6 NE GalsiRRLNRIEER B%@Pé’ﬁ%é%ﬁ%ﬁh@ﬂm@%v@!&@&”ﬁﬁﬁ@ Hftals.

mixed with other Ti02 crystal phases. Above 800C, the rutile crystals

FIG. G iharger issa @.@ﬁl@%ﬁgwg%aaﬂa o FalNERY Sal S s e together at
one epita)yritng thaltsitigsificetntly mmctomthdr i02. Desirably, the calcining

tat I 80 [ 20 700 .
e D o B A B P SRR cvgiaites
bourphini_elﬁauytd%m&bté WIesb&mmwﬁs Bhemwmmngangm‘fesﬁdefdna meter
from%gm%'q i tﬁ‘%%fﬁf?ﬁtﬁ wenﬁq@ férﬁig é%@gydkgmgtg}awgﬁ% d In
cination step o

temperatu e use the existing sulfate or chioride

conngtessdb, Ratts We i esetranstibahibensroresmiing deaarts of the sphere
werd e RRAIRAILEE RGeS woROK threaaRAe USRI M the RerAd

of time to melt the' catalyzing _salt to about 24 hours. Desirably, the

diamelgsiivfiseiiprive Heairist abBE TS Ao rhe tea BB s gigsdFom about
10 nah e kBOUNINd@ st dveindiasmdtsirably esothpoabeod one animfiether

i Thetran E)matl f the salted phous |nter ?la
e PR e AR S g Hloapiing

condﬂmr@ndr@btaistew@mmmge}mmmasambeF;uBszladwﬁmaasmes in
this SAUCH- DALY INAIRARIGIRFZ 5D SRAMUNG electron

[0050] It is expected that in the early stages of calcination, the catalyzing
salts function to force the amorphous titanium compounds to adopt unstable crystalline
forms of TiO4, such as brookite. it is postulated that a mixture of these unstable
crystals, consisting mostly of brookite, typically less than 100 nm in size, and a fraction
of ultra small anatase, is readily converted into the rutile phase at a significantly lower
temperature than the temperature at which TiO; anatase crystals are known to convert
into rutile in the absence of salls.

[0051] Without being bound by any particular theory, it is believed that the)
catalyzing salts most likely improve mass transfer, provide spacing required for mjtjie |
growth to the right particle size in an open network macrostructure, and create ideal
conditions for wetting and fusing in the crystal growth process, especially after they -
melt.

[0052] ‘The proposed pathway for the conversion process during the
calcination step is shown in FIG. 7. FiGs. 8 and 9 present, through SEM and XRD

respectively, the transformation process from amorphous intermediate into rutile at
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micrograph (SEM) shows that the calcination process has reorganized the

amorphous thin film of the intermediate to an open network of
wOwel/denedoped rutile crystals. FIG. 6b shows where a highepcet/uszo04/637421

concentration of catalyzing salts has fused together at 5 one spot, after

the ruffle structure was formed. [0049] In other words, after calcination,

the product comprises crystallites bound in a structure of hollow spheres

650°8" 9\%@36% ;cﬁ?) havm eJ %Ctlt ee ?QPE L '(’jrflreﬁ g bt?g tg%r h%nﬁgaon Data

about 1 (AR TIR PRI w en use
{(ICDithpdinst memémahataﬁmhram:femvmgah@pammcf@é&ersphglmze of

abau{lfé’svge&@gpeeg ?nggﬂuﬂié%%%rl? yésgadrsbstfgé Gejo define a diameter,

The defined diameter st ectl |ameter erutllec ?aﬁhtes ave
showg paffQedRRAGhalINoLB 1desreen dDothis bes vnthindRdineettorn abol@. 9

showS AHdrRalRROME AR T ARGLIIENSS 4IRS HAINGL OB ABR W AR A1 4\ #RAME any |

b 300 nm With precise control of the operating conditions, crystallites of
stable, giile TOHAAS SRR 08T RBRETRHlIERarreHl snatess HuDeissize
fransitRimge are con5|dered to be nano-sized Ti02 particles. [0050J It is

dthat earl stages.of calcination, the catalyzing salts
R0t for AL EAbHANGLE (RAIRRA U5 AHOOHID e AR BR0T s

inventoystaliiee 1mm133bf ér(az Ommfésastimrmé(tmmﬁ tapﬂsﬁtﬂa@ﬁbthaf gixture
mtern‘?ei&t?a‘?é%%nu% 3@?65%? bﬁ OSt a‘t( Itte t¥P |cal ;%Sﬁ;swded by

nm In size, an of uitra smaﬁ Anatase. is e
calcining e tatpimedireritie tbha@ef%rt a S|gn|f|cantly lower temperature than

tfz@dsm]peraturﬁf?érwm&m& BRAURRE GOeipls A AOF?%'%VGI%'WP@ I

rutile in the absence of salts. [0051] Without being boun by any particular
Is thowgbbatifdsefalideptinn RreCqsRANpship saitstrd sluntag hepralk siraes. than

TiO; |Haﬁ§ﬁafocﬂ(ﬂw@ﬁr§@@@im&%ﬁaﬁb&nﬁéﬂlle 25 growth to the right particle
\A@ﬁ %%]an ope rk macrostructure, and create ideal conditions for

nd foel tﬁ%%@s’i&"’@%Wtﬁfsvéiaféewypaﬁfmwgﬂtﬁéyma“
brookitetryidos2] iﬂhﬁrmmmﬁdqnatmawlf@mhescnmemﬁa@rmmdufdjﬂ@s;ﬂﬂ@d by

remoﬁﬁ&iﬂ@t.é%'?nﬁ%w&ﬁf?ﬁ%vﬂj malélaG 7. FIGs. 8 and 9 present, through S'FM
and XRD

Washing

[0056] The calcined material is w'ashed in de-ionized water to separate the
aggregates of rutile pigment base (FIGs. 13 and 14) from the salts. An XRD of the rutile
pigment base is shown in FIG. 15. Rutile originating from this process is usually phase
pure and may be further processed in a milling step. FiGG. 16 shows the particle-size
distribution as a function of milfing time for the sample of calcined base material shown "
in FIG. 15 as it is milled into a desired product. FIG 17 shows a scanning electron-- '.
micrograph of the material coresponding to FIGs. 15 and 16.
Conditioning of salts

[0657] Following recovery in the washing step, the salt solution is filtered
to remove particulates, purified, if necessary, through an ion exchange or other

appropriate purification step to remove trace contaminants, and concentrated, if

@
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30 respectively, the transformation process from amorphous intermediate

into rutile at 9°'WO 2005/049496 PCT/US2004/037421. 650C. According

wotoogefiwase provided by the International Centre for DiffractioncBaterse4/037421

(JCDD), the first XRD peaks of anatase and brookite overlap at a

diffraction angle 20 of about 25.5 degrees. The first rutile peak appears at

about 27.4 degrees. Brookite shows a second peak at about 31 degrees.

On this basis, the XRD pattern in FIG. 9 5 shows the rapid appearance of
neceivakit dRPITISHIS edhedSsaThto e FRERARIBR At ek Homnds shagn in
FiePresapree of small amounts of ultra small anatase during the transition.

. [0053] Good heat transfer is desirable during the calcination step of this
Dispayaition. FIGs. 10a, 1 Ob, and 10c describe the same rapid transition of
thgd@sigitermediate tatira iiliegy@ibRbes nreneviaiad eowiier geathingpstep is in the
rom{G5tEruas.pravided by, calcining the intermediate Ina tin xSl 10054} or
Omﬁf ERETSr s 0P brookite iy stais Are shown WEIGS 11a- 110 s
dispthead i thaekf rhdgaldemationgroogss sitery tmiategnringase foafyrther
treafHARES s AL T Q7 e dropkia s soyidrhe manuiaeidred- kadPen atso be

FIG. 12 shows a mixture of fully formed rutile as well as small brookite
dispgrgsthley fleamaaiseising Haapdnbnetraitizgsformation was interrupted

by removing the sample from thexfumpeedVashing [0056] The calcined

material is washed in de-ionized water to separate the 20 aggregates of

05 5nent bLEe [piRANg SLaiaras AEnFANLARJUHaKRIPUE B Hte the
prespigimeningase is shown in FIG. 15. Rutile originating from this process is
EXAﬁH%@/Phase pure and may be further processed in a milling step. FIG.

shows the particle-size distribution as a function of milling time for the
sapdpieodf calcivesybsdiatiterianshowhlidndel €olatoasiriammilter] fdftgd /L was
trea%%%ﬁg R Wgﬁﬁk&lgf%?eﬁlg@é% &%@Q{%?I?@% AU ﬂ@rﬂ@em‘?g point

material correspon to FIGs. 15 and 16.
of this salt composition is about 346°C. The total amount of the eutectic catalyzing salt

composition added was 20 wt % of the amount of Ti in solution. This amount
corresponds to 12 wt % of the equivalent amount of TiOz, i.e. the TiO; that will be
formed from the solution in the process of the present invention. The solution was
evaporated in a spray drier at 250°C, producing a salted titanium inorganic amorphous
intermediate (F1G. 4), which was further calcined at 625°C for 90 minutes. Phase pure
rutile pigmentary particles with a specific surface area of 6 m’/g were obtained after

calcination and before milling.

" EXAMPLE 2

[0061] A synthetic titanium oxychioride solution containing 100 g Tl was
treated with a NaCI-KCI-LiCl eutectic composition. The amount of the catatyz’ihg salt
composition added was 25 wt % of the equivalent amount of TiO; as defined in
Example 1. An amount of tin equal to 0.197 wt % of the amount of Ti present,
introduced as tin tetrachloride, was aiso dissolved in the feed solution for better control
of the particle size distribution. This amount of tin s equivalent to an éddition of 0.15wt

% of SnO; to the final TiO; product that is obtained in the present process. The solution

11
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Conditioning of salts [0057] Following recovery in the washing step, the
salt solution is filtered to remove particulates, purified, if necessary,

WO JRPSidMan ion exchange or other appropriate purification SteprioSEMEME421
trace contaminants, and concentrated, if 10 WO 2005/049496
PCT/US2004/037421 necessary, before return to the process. The
recycling of the salt solution is shown in FIGs. 1 and 2. Dispersion [0058]

v GRS AT [ S S0B H UBE B0Tv

furtheapal¢iopdishe?sed farbiatinuiiag Slameprsdaciiteariongnbivtier hidpaanith a
speciftaSErigrUTRg 7 HFAMentuBuanas stica anisfAluMiaa4aafigdidbeon

aggregated structuré can also be dispersed %\(gsteam micronizing instead

micrograpBiGhifia g atstelimiers Mitgds s PR 1BIlint exdrfieg brg of the
unmillGuikkistents), BetoReiislbinp cRERssStIIMEntowaE BOM PTRd006 ariicle

. synthetic fitanium oxychloride solution containin Ti/L was_treated
size QAL BT S0 SU LOpaeiere R cios TAOL AEe hing
EXAMPIA A5 of this salt composition is about 346C. The total amount of the

e i¢ catalyzin It.. ositi W, 9% f
A on, B LA AT e
treatedmbra blaTiDECLbiGheutigtiaranmifisiiororisesinthel sbritstpinane salt

compBLARSPEICL IR PIEIRR HIRERIGRod hR SO ATMNGS HE\RARTATRAIR ASIRRRY TiO,

drier at 250C, producing a salted titanium inorganic amorphous 20 _
as defiedrifeBeraad: ANypHIVAYRFMERCARIFER & B98¢ f5Pe6tmriites.

produBRase RiEs intierigmentsanprsiceswilltersperile wieracaianeadodits 50°C
for 1, @%*'9"}’,"%5%% t%il?neu easftefhg%:tiﬁlg E%QS%”&Q\%IR r\%argill'!ﬂig itored. SEM
photographs found in FIG. 8 show the transition into rutile pigment particles. XRD
patterns found in FIG. 9 show the same transition into rutile pigment. The transition of
the amorphous intermediate into rutile pigment particles caused by the presence of salls
is very fast and the transition time generally depends on the amount of heat that can be
transferred during calcinations, as is shown in FIG. 10a. FIG. 10b shows that
{ransformation of one crystal form into another can take place within one minute. No
siow gradual growth of rutile particles was observed. Traces of unconverted.anatase
after this one-minute fusion are shown in FIG. 10c. FIG. 12 shows an example of
brookite to rutile conversion interrupted before completion. In another set of
experiments in crucibles, with the same salt additions, it was found that the minimum
calcination times for fuli rutile conversion was 60 minules at 500°C, 30 minutes at
600°C, and 15 minutes at 650°C. Generally, full rutilization can be achieved iy an
extremely short time. In fact, full rutilization can be achieved alimost instantly after the
salt package melts. A variety of calcination techniques, including airbome calcination in

a healted nozzle, can be used to achieve the same results.

12
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EXAMPLE 2 [0061] A synthetic titanium oxychloride solution containing

100 g TWL was 25‘treated with a NaCI-KCI-LiCl eutectic composition.
WOThesantetmt of the catalyzing salt composition added was 2wt 36206487421

_ equivalent amount of TiO2 as defined in Example 1. An amount of tin

equal to 0.197 wt % of the amount of Ti present, introduced as tin

tetrachloride, was also dissolved in the feed solution for better control of

the particle size distribution. This amount of tin is equivalent to an addition
EXW%EFS%W 30 % of Sn02 to the final Ti02 product that is obtained in the

prqeeataprocesgx H@ai&@ilﬁéi@@hlbﬁd@@oﬁﬂﬁﬁl%%&ﬁrﬁﬁﬁ?@fﬂﬂﬂ%ﬁ%’iﬁa& from
. S evapgQrate spray dryi t 25 r j alted inte iate,
e e IR Do MALET 2 Ebach 7y Bt R L g ncted by
FIG pighwnia)yvparticlesdwthibea SleedificClifaloateetc Con2ig sveoe obtadnadount of
e Ny ; ;i . 0
the G b 00 I B T PRl A PUREEEE 0. i
the fgetberlifian 5 slsdiore ynbtetgts Twas genaurhel dicray plaicie Gife SnO: in

the TEISHRIGE: DYCFRARSISH e AIGAE ON WIS TPReRR MRS D IBHR R INIIBEd was
EXAMPLE 3 [0062] A synthetic titanium oxglchlorlde solution containing

dissqlygdyfrffpefaed saliiRn/afPsticaesiie] tidiehreide e5q sUgtiBHtiamhe The
solu@inouas ef thecatalyzingsal d0camposiipaigseivgd isaied e soliion,
. was 25 wt % of the equi mount.of Ti02 _as defined in Example 1.
i e S O BB A or I ez
partiinesrmendi atelaBwd plés ohittiodhterntdthiatd wievers aloibediab 66@Qrdph bf 2he
phaéﬁgm%nxqjgtg H;g;Hgﬁa;&%%iges_phase growth was monitored. SEM

photographs found in 8 show the transition into rutile pigment
EXARHESS- XRD 15 patterns found in FIG. 9 show the same transition into

rufiimpigment. he Harsitionelhe,gespiaus ifermedifinP /s i i was
rea LE&;ment particles caused by the presence of salts is very fast and the

h
HaHah £ied JBRPNNG i eh B S the  BmBisting RelR el flpe-Lic
mixtiiransfetrast d00MQ. Caleinations, Gshe shayringrdet doaufd Gdliebwhows wt %

of thftahgéuivalent amount of TiO,, as defined in Example 1. An amount of tin equivalent
to an addition of 0.3% of SnO:; to the final TiO; product, as defined in Example 2, was
introduced as tin tetrachloride and was dissolved in the feed solution for better control of
the particle size distribution. The solution was evaporated in a spray drier at 250°C,
producing a salted intermediate, which was further calcined at 63G°C for 8 hours.
Phase-pure rutile pigmentary particles were obtained after calcination. The specific
surface area of this pigment base was 5.1 m?/g before dispersion and 7.4 m%/g after
dispersion. The average particle size estimated by transmission electron MICroscopy
was 184 nm after milling. The pigment had a slight yellow undertone. Dry brightness of
this material was 95.7 before milling.
EXAMPLE 6

[0065] A synthetic titanium oxychloride solution containing 50 g Ti/L was
treated with a NaCI-LiCl eutectic composition with a melting point around 554°C. The

amount of the catalyzing salt composition added was 10 wt % of the equivalent amount

13
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transformation of one crystal form into another can take place within one
minute. No 20 slow gradual growth of rutile particles was observed.

WO Teewesofcunconverted anatase after this one-minute fusionmre stamiiotys21
FIG. 10c, FIG., 12 shows an example of brookite to rutile conversion
interrupted before completion. In another set of experiments in crucibles,
with the same salt additions, it was found that the minimum calcination

< —times.for full rutile conversion wag 6Q.minutes at 500C, 30 minutes at, 25

O TRy 15 TR 808! e bPE) R G813 A AP BENRS B ded t

the faeedsobiivenielpaiverttna bt tactplutioietiizatibsdanibe achieve almoshs
' I e, salt e melts..A vari f calcinatign technjques

evapld ?eg}h‘n "sf‘g £|9n . !

ad|nc u |ng%a|r o gi%é?\%%%igmp%) eated nsc?'z%’élcé),"ggﬁ%ee%{?ggd Y uhige further

calcifipst shmelrésigits? ourgo Pioosioued 96iqigus200miizds 8 reXohMPiel in the
calcift Q0 SFAstitaniB QMRS S SelHtion FRNANAS, 8Q g Tl ﬁ%ﬁ%@%ﬁ?ﬁamcles.
Pat. No. 6, 9 S

from_ilmenite ore following the process of U.S__ Pat. 6

The SeefiisifHHapTRaY PRIS 9RS@IsNRSTeR ¢ hairra NAMXK CThamaterial
was gidientecamparionshig 2BpUpkekRiHieLalAYZNG pallePIIBASHR Dase, with

. adged wa ﬁS wt %_of the equivalent amount of Ti02 in the fegd solution
PO B T S A SRR Utk 8] A RRESA SRR RSP QTG40 53 16
shovthéhEi@Ripgodottead tedinestdndExamplerdd was Dtrokices B tinarticle size
an a;§§é@cﬁlgriq§,sﬂg%¥v3ﬁ é&ﬁ%%\:{ﬁeéiei% fq]}e fee so‘ué%%r} mr better control of

h 3 [ u

the particle size distribution. sol ?orﬁ%vggaevapora%gg rl%%%pf&y drier

EXAMPAZ0E, producing a salted intermediate, 10 which was further calcined at

62866ty 90 m@ﬂ%&%&hé’&@ﬁ%‘ﬁwﬁ & %rBi%E%BF%%rP&FHFA%ﬁ@ﬂ% g TilL was

,obtained after calCination. FIG. 18 shows an SEM photograp
treateghwdlh PN Hiindtapiantieleld-B v alip perdifgusso dimmhuse added to
this sifatidmaoxusiATdesRIEoNTRR RBiInG 46rEdibMRslS TiaatedoMtAio in the
lutiZ)O:3P Egl%é\_lﬁc -L|CIOEP‘|%xture. The melting point of this Na_CI-L|CI° )
SeoNel e G QLHTBY RY SR AR AR ARG R A RRiR{FS ddaroducing

a salipd 2O wediate, which was further calcined at 500°C for 6 hourss. Rutile
pigmentary particles were obtained.
EXAMPLE 8

[0067] A synthetic titanium oxychloride solution containing 50 g TVL was
treated with an amount of sodium chioride corresponding to 20 wt % of the equivaiént
amount of TiO,, as defined in Example 1. An amount of tin tetrachloride penta-hydrate
corresponding to 1.7% of the amount of Ti present in solution was added to the solution
for better control of particle size and particle size distribution. The solution was
evaporaled in a spray drier at 250°C, producing a salted intermediate. The XRD pattern
correspending to this intermediate material is shown in FIG. 5. The salted intermediate
was further calcined at 820°C for four hours. Rutile pigmentary particles were obtained
in the calcination.
EXAMPLE 9

{0068] A synthetic titanium oxychloride solution containing 100 g Till. was
treated with a2 NaCl-KCI-LICl eutectic composition. The amount of the catalyzing salt

14
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of the equivalent amount of Ti02, as defined in Example 1. An amount of
tin equivalent to an addition of 0.3% of Sn02 to the final Ti02 product, as
wodebimiedipExample 2, was introduced as tin tetrachloride and-was2004/037421
dissolved in the feed solution for better control of 20 the particle size
distribution. The solution was evaporated in a spray drier at 250C,
producing a salted intermediate, which was further calcined at 630C for 8
hours. P ase pure rutile pigmentary_particles were ohtained after
o UL T PRIALAL bikde avaleierhisg
Exadogfore. d@spersmmmfd;ﬁ damiZégpafter Odisfpé;nsmmmme a“\r@@g@wtlcﬁe gizgfned in
Exarh ?I %c%b}f? Sloq}nellg rg&ﬂ o Og’r%? w 285(1‘,’%?8; %ef[‘ge%d otution
|ng rton ry ng

e plgmen w un ness 0
for beiteedanieiso 817 before mmm@stawf\:mp LEhe Mm@ammmmamm a spray

drierRYSHiRAde SRIMEAR SQXRIRIRERA ST \0@%&@%@@[&%&5&@%&&'550% for

eutectic composition with a melting point around 554C. The 30 amount of

90 minuiestafyFiiy Yatdantidetiorhaaelwas o orcop iivaingf Hidln calcination.

FIG. ag@uawa%mm%&@éﬁﬁnﬁ%HH&%Q%&%@%@Q&%epgé-%ﬁnb Astile
din Exaerle 1. Tin chloride as a seedlnaé]%' ent was added to the

hav'?@e%f ’%ﬂlgﬁr{ %8@&*%‘?&@%!“1@'&?98@ &2 R1dBhayh 1Ph&biution

wqﬁoeﬂporateﬁymwpmmdﬂefmaa@ cpnastsingnaos dite e meidiste,

mtxture G\ENCaOSlT];urOtQ} ncg# ned a 8 550C fO gﬂGQErSCPhIaS rlilrt% rutlle§lﬁmetnt
particles were o Taine t% BRARMAGON. FIc 15 Shows an
posspittdomutithe mﬁs@mut@ todileapitphaemepal tiote proTinet sjaificis wifasebetween

150 aﬁ%@bthﬁﬁeﬁﬂ%%%wagméégr%@w'@91 J@ﬂm%rﬂﬁéxé@aﬁsem; for

dispersed after the washing step, producing a slurry of a milled pigment

non-pigsae P AliiHeRtH alRRe SrBarkutisiaen GHarD00dumk Refisies HEn.
whe®bhtne &&idd shevgdhamillinganiaiilesf fusvinaterigleaneniiesadaium

o bl A ity e g BN LIS [SOEER ENRGAB tian i
EXAMLEIdBde solution containing 110 g Ti/L was

[0070} A synthetic titanium oxychloride solution containing 50 g Ti/l. was
treated with NaCl. The amount of catalyzing salt added was 20 wt % of the equivalent
of 110, as defined in Example 1. The solution was evaporated in a spray drier at
2b0°C, producing a salted intermediate, which was further calcined at 600°C for 30
minutes. An unstable brookite crystal phase was oblained. FIG. 11a shows an SEM
photograph of the brookite crystal phase, produced under these conditions, and after

washing.

EXAMPLE 11

[0071] A synthetic titanjum oxychioride solution containing 100 g TilL was
treated with a NaCI-KCI-LiCl eutectic composition. The amount of the catalyzing salt
composition added was 25 wt % of the equivalent amount of Ti(; in the feed solution as
defined in Example 1. The solution was evaporated in a spray drier at 250°C, producing

a salted intermediate, which was further calcined at 500°C for about 3 minufe. Nano-
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treated with lithium chloride. An amount of 19.9 g of Li per liter of solution

was added to this solution as lithium hydroxide. This amount corresponds
wO th@/F4tsbenolar ratio in the 15 solution of about 5:4. The solutienNwwass /037421

evaporated in a spray drier at 250C, producing a salted intermediate,

which was further calcined at 500C for 6 hours. Rutile pigmentary

particles were obtained. EXAMPLE 8 [00671 A synthetic titanium

. xychloride solution containing 50.g, Ti/L was , 20 treated with an amount
Sk G b BT P e el AT
11¢, TR} & definddiindhtdonple df. Baddtmonstd tintethachloriged in this calcination.
ExARPg-hydrate corresponding to 17% of the amount of Ti present in
solution was added to the solution for better control of particle size and

pdAftiekize didtibatitsinerhersdusiciesedbast iporsastble &.spesyvertestin Di
wate?oPke QWHQ&‘{QM%%@%@M%@%J&&%@%?%@ <2 solution was

corresponding to this intermediate material is shown in FIG. 5. The salted

sepajgaierRediae Abab lderehigisalyargdise wotibapidGrEemaR possible cross
Contepi‘gméﬁfﬁgﬁtﬁaéiﬁ@% viie @bf@iﬁ@fb%mleﬁﬁﬂmﬁt%_ E_M@lmooldéc?f/or hydration
) synthetic. titanium oxychloride solution containjn ) g Ti/L. was
of Ticly (OB 2N S AMELIer P h e B Sa Do HeaMO: Sae ne
salt realtatgeingosidingd W OHROOE0U0 48B RIE MES200640 342 1 tee tivepeasitifred
so!ut%ngg éf\é%%%d% ﬁ%’p@f{he equivalent amount of TiO2 as defined in
xample1. An nt

. amount of tin equivalent to 0.3% SnO2 in the TiO2
i8IS as definethisrcBxariniedshtisitvotiveering tetelat Hlesidintamde
regari¥@s SiSROLEMR PQ%é@qﬁaﬁmmﬂg}‘%mﬁg{;Pegtf&hé?éi%gamsggig?he

distribution. The solution was evaporated in a spray 5 drier at 2 .
follovfpg iRy 4 sAiding b AALbRRNIVHRH WadTesiatipdivinaiissoniband
scop®Ormipwesiiamo-sized particles of phase-pure rutile were obtained in the

calcination. FIG. 19 shows an SEM photograph of the nano-sized

particles of phase-pure rutile having primary particle size in the range
from about 20 nm to about 100 nm.

16



[0069] By varying the amount and composition of the NaCIl-KCI-LiCl 10
mixture, the composition of the seeding agent and the calcination
temperature, it is possible to methodically control the particle size of the
product. Particle sizes between 150 and 350 nm can be obtained.
What is S[‘naller _nano-sized (< 100 nm) particles, useful for non-pigment
gpadﬁ%%%bns can also be formed. Larger (over 500 nm) particles form,
when amounts of added salts are low, typically under 10 wt % based on

: the titanium 15 dioxide content, and calcination temperature is high, . .

1 A o e s eSS A B oD T AT R iU dioxide

from an eqartosdecidioticcooomtaing gHeOfglidillingae dreatdd| widpbtaCL The
ergou ot saalyzing sal aced wai £ W% of e coyivalent of TI02 o5
defined N EX SIe UHSe 2OTUTIon Was evapon%teé‘% asspéyrar?eomw '
250 Cagotiucincptabaing satrewdie Wwhithiwasoiurttore calldideli aKC1, and

600C, f inutes. upstaple ite crystal ph s obtained.
1o 1 B 8 S B B ol B I o the
produspdvaheiel trssewainditionsifainidraftedioadhingo E>XobbIRL B 28mount

reacos L S SR o A RIS Sl e
catalpaiisalt whaipbsitba ahistywng 28t does thotgigvalcantnairange

of Tlggeiﬂﬁgg feed HEW as defined in Example 1. The solution was
evaporated in a spray drier'at 250C, producing a salted intermediate,

whictP R RIVRIGagiacharscaC e sgeRhinite Sukriens WO

2005 ; j ' f
eI B S Rl
differéiifsieRAonbrbbRief éﬁ@g&l@tﬂ%ﬂﬂ@%ﬁﬁ@m this calcination.
Eé.A'\éal:I%iﬁﬁ o R H&HUﬁtgeEﬁQQé N EXNPR 5 EmYAS base
washed in DI" 5 water. The unmilled pigment base stayed on the filter,
whiledheasipreprigbuna agreater than a melting point temperature of the

catalyzing salt and for a period of time sufficient to melt the catalyzing

salt.

2. The process of claim 1 further comprising washing the salt from the calcined TiO»
rutile pigment base.

3. The process of claim 2 further comprising milling and dispersing the TiO, rutile

pigment.

4. The process of claim 1 wherein the titanium compound is selected from the group

of titanium chloride, ti’iénéum oxychloride, and mixtures thereof.
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separated and run at pH 7 through a column filled with resin to remove
possible cross contaminants such as iron. The conditioned salt solution
was further used for hydration of Ti014, to prepare feed for another batch
of titanium oxychloride solution. Since the salt no longer contained tin
chloride n to the new feed 10. solution,

| hI id d
5. The B3oe ol b S B SRRl S Ro L e Torice.

detailed descrrptron be regarded as illustrative rather than Irmrtrng and
t it be ers that it sthe f Ilowrn aims I
6. The kS e FIERES (AN el oS 6D ariRs
invention. 16 What is claimed: 1 A Iow -temperature process for producing
{- tIe I0Xi from an aqueous tion
7. The &ggéer% r%%Si oIIovV\%‘ﬁr%g s%qa%ntr gi?atgﬁg] S'prepa zﬁciﬁu%x@?%e?}c LiCl
and KCbqutron comprising a titanium compound; b. adding a catalyzing salt
selected from two or more of NaCl, KCI, and LIiCl to the solution in an
amount from about 3% by weight of the equivalent amount-- of titanium
8. The piogirstofablaimttievaneoeint tberesietyriig salthis sarumtaitic pointwithd LiC
and Na éptalyzrng salt in the feed solution, wherein the catalyzing salt does not
significantly change chemical composition; c. optionally adding a
chemical control agent to the solution; d. evaporating the solution to

9. The RIRGLER SOHAMIARILR 'msreaqgrgr&;n Ay QQSﬁtiﬂg% fee WS LA is

compounds; and e. calcining the int diate to form Se pure

from abgytiel Bigraisht asandt abeuh fft anaigir Satef then %qmuaragtpmrmunt of TiO,

presentﬁ%%?é%%@f if1e, catalyzing salt and for a period of time sufficient to
melt the catalyzing salt. 2. The process of claim 1 further comprising

washing the salt from the calcined Ti02
10. The process of claim 1 wherein the amount of the catalyzing salt is between

about 15 weight % and about 30 weight % of the equivalent amount of TiO, present

in the feed solution.

11. The process of claim 1 wherein the catalyzing salt does not significantly

chemically react with titanium oxide through the process.
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rutile pigment base. 3. The process of claim 2 further comprising milling
and dispersing the TiO2 rutile pigment. 4. The process of claim 1 wherein
the titanium compound is selected from the group of titanium chloride,
__ titanium oxychloride, and mixtures thereof. 17 5. The process of claim 1
12' Th wherein thit'tanium compound is titanium oxychloride. 6. The process of
- TNe RERCEIA & whelpimhs ariciaing e denAband at arienieaiysoess
than 80@laim 1 wherein the catalyzing salt is a eutectic mixture of LiCl and KCI.
8. The process of claim 1 wherein the catalyzing salt is a eutectic mixture
of LiCl and NacCl. 9. The process of claim 1 wherein the catalyzing salt
13. Thepesasidnthadiend sohsiens tise fcamiapuislSonaishbioand@RpEalre less
than 7oqv?ght % of the equivalent amount of TiO2 present in the feed solution.

. The process of claim 1 wherein the amount of the catalyzing salt is
between about 15 weight % and about 30 weight % of the equivalent
amount of TiO2 present in the feed salution. 11. The process of claim 1

14 The R RE SR b ) S 2 D LG e Bt aBER B less
than 80@itanium oxide through the process. 18 12. The process of claim 1 wherein
the calcining is conducted at a temperature less than 8000. 13. The
process of claim 1 wherein the calcining is conducted at a temperature
15. The |psscebaro? 0R0mL 4. Wherpin tes cakotaiy it wbetribtiEiealciBingdmature less
than 50§o@ucted at a temperature less than 600 C. 15. The process of claim 1
wheérein the calcining is conducted at a temperature less

16. The process of claim 1 wherein the caicining is conducted at a femperature less
than 400°C.

17. The process of claim 1 wherein the calcination time is between the time needad

to melt the catalyzing salt and about 24 h.
18. The process of claim 1 wherein the calcination time is less than about two hours.

19. The process of claim 1 wherein the calcination time is less than about 30

minutes.

20. The process of claim 1 wherein the calcination time for is less than about one

minute.
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than 500. C. 16. The process of claim 1 wherein the calcining is
conducted at a temperature less than 400C. 17. The process of claim 1
wherein the calcination time is between the time needed to melt the
catalyzing salt and about 24 h. 18. The process of claim 1 wherein the

calcination time is less than about two hours, 19. The process of claim 1
21 TG S ARk MIREE 1 0T AESLES Al SRS o, o0 betore
evaporgimgess of claim 1 wherein the calcination time for is less than about one
minute. 19 21. The process of claim 1 wherein the chemical control agent
is added before evaporating. 22. The process of claim 21 wherein the
22. Thegfrendsal aforiaioh &gentisraitinivonipaich! 23hFhleap@sessofisladmadund.
wherein the chemical control agent is tin chloride. 24. The process of
claim 1 wherein the evaporating is conducted in a spray drier. 25. The

23. Theprocess of diim 2 irdreiriththe\aiporatainctettpeeajere is batutgendhout
100. C. and about 300 C. 26. The process of claim 1 wherein the
amorphous intermediate comprises a homogeneous mixture of titanium,

24. Thegpgens cHlokim, hrdhyeirn ten emppoaiis js\ibnduateiogensprsy drier.
distribution of salts through the titanium intermediate. 27. The process of
claim 24 wherein the product after calcination comprises TiO2 rutile

25. Thegpyeesifiteshoai ih whetentbavalimiasiohetespe Etsokspbresn?8oout

100. ¢ & %rgggpgﬁ rd-’a}im 27 wherein the spheres have a diameter of about 0.1
to about 100 pm. 29. The process of claim 2 wherein the washing is
conducted with water to provide an aqueous salt solution and the TiO2

26. ThdUHIBRGNER DS 20 wherein the amorphous intermediate comprises a
-homogeneous mixture of titanium, oxygen, chlorine, and hydrogen compounds, with

a homogeneous distribution of salts through the fitanium intermediate.

27. The process of claim 24 wherein the product after calcination comprises TiO,

rutile crystaliites bound in a structure of hollow spheres or parts of spheres.

28. The process of claim 27 wherein the spheres have a diameter of about 0.1 to
about 100 um.

29. The process of claim 2 wherein the washing is conducted with water to provide

an aqueous salt solution and the TiO; rutile pigment base.
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30. The process of claim 29 further comprising recycling the salts in the
aqueous salt solution. 31. The process of claim 30 further comprising
milling the washed TiO2 rutile pigment base product. 32. The process of
claim 1 wherein a thermodynamically unstable brookite phase is formed
as an intermediate %ri g, the early stages of calcination. 33. The process

30. The,prpgess QihelAlin G7iRERIHSING derveliBgningcale Nadhe egLeous
salt solufchLiCl. 21

31. The process of claim 30 further comprising milling the washed TiO, rutile
pigment base product.

32. The process of claim 1 wherein a thermodynamically unstabie brookite phase is

formed as an intermediate during the early stages of calcination.

33. The process of claim 1 wherein the catalyzing salt is a eutectic mixture of NaC.l,
KCI, and LiCl.
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