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PROCESS T O MAKE RUTI LE PI GVENT FROM AQUEQUS Tl TANI UM

SOLUTI ONS [ 0001] The present invention relates to an
wecasomi4e@l process for making rutile pignent PCDUB2004/037421

aqueous titaniumfeed stocks. The process uses

chem cal, physical, and thermal control to create

unstable internediates to significantly | ower the

tenperature of rutile crystal formation. The process

provi des goo #.geﬁwé%z@r‘ﬁ ePl%.]éE quality,
ST G S

Ti &2 pigment manufacturing processes dominate the

pi qoeed] | ndushe res'éhﬁlﬁéhtfcﬁil@ld%%%ﬁecdnﬂ}%ﬁ‘éﬂl ?%de‘%stfé}enakmg
first part of the twentieth century, was the Tirst to

TiCgreNle ggmeniirom mtgerws.t@ﬁnﬁlgﬂﬁ%%wod% el hauppaess pyascahegiical,
phydRER Ia'HM WD bS] 18 cleAaiHay hrttémeoﬁﬁbyia Bnfantly lower the

ution tenpera
temsr@urr@atf |r@ﬁrie CD@Eﬁé rﬁ@’ﬂmjwbn Thla@rcvcmp @r@ttdﬂsamﬁd ¢ddrol over the

rut:l%aérgét&;?{daﬁ@ps& r} rg(r\{lg rsllozr%o L C}%rn[ aig%ﬁ%]cé}égﬁ 8&; pecycled

in thos poEess. |ntroduced by DuPont in the nineteen f|ft| es,

IOV rutile pignment. The chloride process uses
BAm%k%ﬁon of atitaniumore or an internedi ate

pr ggogd) to f%HWT@%Jgﬁ@n't ﬁ’%gfaewriﬂg p‘?@éés@@s %mfrﬁ@e HePiment

at about 1400 Cto formpure suita
indugpyl i TdtSuiate. prpoesy Jnventashin ke Wéblsarbﬂf tbraé‘da@ttatb nehfawse was the

flfSﬁS?‘?O\ﬁ(ﬁé)gq%Q wutlp wghrm@igg ?E)Wéf dﬁ?e éﬁlfa?& arg%l C%egfég?cﬁé@? s of a

good contro p Icle size and
titanyil stifate solugon bobeilipg eodsiutien, @mll@mdwdngmternﬁpersmrez@lpination.

Depvgwdﬁ% (ﬁ\e?c‘@rtb% SrefhurBRs tﬂr?edcélﬁ p%‘?\e rLEtLé ?cg) f 5{)&' Cﬁxdr%%atase (under

rom |tan| um oxychl orid
QOOhQﬂcwaSpsmclésIabf@pmdiubyd cal cination of the hydrolyzed

Qod80Gh o DuP HOBES ke ERERTLTDLERRT b sfheteen fties.

proﬂ@@@ﬁtrut}l’e f}i@nﬁﬁn@cﬂ‘ﬁé chﬁﬁld@@%be@@\é@é@&ﬂgnﬁﬁﬁh df & tAdhiemtdre or an
econoni ca | gment particles

mteﬁp%@@t;é)rpgugég {qr[rbg@lq fﬁllquegj bg)fxg@ﬂcg] of the TiCl, ;\rthabout 1400°C to

form pure TIO; 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 EP 186,370, which describes a method to
make titanium dioxide pigment from titanium oxychloride by dilution hydrolysis, followed
by calcina‘tion 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 particles. The process is described in U.S. patents
6,375,923 and 6,548,039. The patents include methods to produce crystal particles of

TiO2 by calcination at relatively high temperature.
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6, 375,923 and 6, 548, 039. The patents include nethods
to produce crystal particles of by calcination at

WO edoawiases y hi gh tenperature. [ 0006J n contrastPCDUSI084/037421
exi sting technol ogies to nake rutile pignment, the
present invention is based on the physical effect of
certain salts to pronote the formation of unstable Ti O
crystal i nternedi ates, w thout chen1ca||¥ reacting to

a si0§ABT i canin eontent toniherpBdipgsensfodieriqpinake Retie sigment, the
pre"sgf?rﬁq ﬁ@éﬁt%n 1@%@%&%&%’@3@3! EROLH 9 U6 Akih Watts ¢ Eio%otﬁ the
uc r to the

rookite, can m and e converted |
formation ef yistabde A0 miyHall iotemeadiatpe vithoutsherhizally reacting to a

mgéﬁngnqr %e% ﬁ/ﬁl{n ‘r‘?(ﬁ ui égcrﬁds% (5ft%ﬁe ﬁ?‘(ése CQ 95 Bl ocaﬁ%s eliset??lgrcrystal

&t cal'cont rof? age can a é ad
Corif@ntamhs of Tigar suatl as tsboéitenchnpfariatddescarwerted into the rutile TiO,

di st,ri byt,ion., SUWARY The present | nti.o
PRSI BRI TR A (TP RAUTPa A gXsting
prodBBdeRh @Hentithl RohirbiMdent £ tak disatiR Addaan far beest cPitrdl 60Farticle size

The feed sqglution is desirably titanium oxychloride or

and; ptiRlesizetidBliae| uti on of titanium tetrachl oride.
SUW Teed solution may al so contain a chemcally and
rmal |y stable salt. The feed solution is evaporated
an o[Oﬂgml ol yzéhe ppeseheinakhijon providasreametiddest moklpg oatite §i0, by
.anor hou

preBitl B BP oS U BTG ier ne ks Rt Rl o, Théfeg golution

is de@rﬂﬁ?ﬂtan&lmﬂbxﬁc:hlkﬁld@?r@mwmiﬁh ;egb?boloq@m af titahR®S tdth@Rloride.
00O a. Cr | Zze a et e

Th'a?ffefdr%%tﬂ‘m é%%‘@ﬁ%@@&?'@'yﬁé‘ﬂ thgrmg %lé(rﬁ%q’lﬁégf 7 dfpe feed

sol§tionss @k/aﬁéréié@téﬂﬁqu@m 24d, RLREN @gsralymwsmw an
and random y di strlbuted inthe thin film The salt is

ampgheye ﬁwusngﬂ@ whieh pempdises pelyn serres of 8pRE of spleres. By
amggﬁobmrﬁémllﬁé fs Hnéar?eé 'nﬁyt%fe chd?ﬁpcﬂnmdsrlﬁét%ﬂﬁé%g less than 10% of

mer consistin ements Ti

a cmta(ﬂst]edmﬂme& asm_et@rmm @W@Ramdefﬁacttqme Thﬂserqwmcamémd@ not
forrﬁaalncdr ﬂz@c} ?&%&Pﬁﬂﬁ‘hﬁ UL & B ?l@(rgé?ﬁéj?% ﬁ&néﬁéﬂgolgfs{y and randomly

parti es 0 Oruti Crys | ow
disip)nbetednn thehtbinciiani Tdel saiteladtqnmgeuﬁfeouﬁg dmlmﬁedvmrbugﬂn the

mte(ggtﬁg ?ﬁ mg @ﬁe‘?}%\gﬁgt %}?q%q%(? % EQ ahgr?%rés{%o !mgr ¢onsisting of the

elesehtsi TaD| 6hagemreral |y occurs between 300 C and 800 C.
TNG06681 "2 MRS th TapSratibh sk, e MEliheiat is CSEALI %t 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. Depending 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 TiO2 such as brookite. As a result,
the calcination time required to form phase-pure rutile ranges from the time required to

melt the salts, typically less than one second, to a maximum of about 24 hours.
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the rutile crystallization is catalyzed by the
presence of the salts. The salts appear to initiate
wo b@shep@t i on of unstable crystal structures BETUS004/037421
such as brookite. As a result, the calcination tine
required to form phase-pure rutile ranges fromthe
time required to nelt the salts, typically less than
one second, to a maxi mum of about 24 hours.[0009] The
sal 0e08} e waFhedaltd drewvashatboff with dedonaed wadedarad a pigmentary

nment a rutil.e base oht ai ne The se .
rufe o Cheasd: S 2B nedb b lsnst o R aRuIBY pffary parttes
with iaZgzeddisttibitoi ¢ovrespondiag poe hﬁbm@laﬂlw pigglenguAbiimprove control of the

ment. To inprove. control he pa{?tlcle sj.ze an

a8 andyar iR SR o h. Seedn FgRRSGHED LT CoBppyngs can

be %Qg@ogﬁﬁssfr&ﬁ@h@ﬁ/agﬁﬁg ste@?ﬂn‘a% Herrebydiée cumsiitiongd st apuiMiation
be recycled, conditioned in"a purification step, and

stepeangseeduses ip e BW@@%%S DESCRI PTI ON OF THE DRAW NGS
DFT[%& ﬂg FlTFIEO OIsheet ofhone enbodi nent of
S ac or al,n e [
e BR0E T (BB efﬁve %gvh%{ﬂ%%f 4o ErBRERFHof the porpplete

pr&é’@@étdmhgcﬁthbftﬁewmmuoﬁ the present invention
where the feedstock is an ue ohuti OBQBJ‘ t|t

t etlO94M] or i d&IG.o# shawsaiflgm g ey imer o 9"9 ngOCGSS of
theH¥sdh fﬁ%mM%@Je tﬁb @e&tm%naacﬁj'@ﬁg seighamtigdnidre

system NaCl - Conbi nations of these salts can
tetigehiggdel qrrtftecrmn m&%@%@r@weébéwtm%*ﬂﬁem i on.

[ 00 | G

[ nt@ EI at efl é%%\% ?EM%%??’% %O%??ﬁ é@éﬁmﬁa@l CHLCL
Coprbirsations obth¥&RDspiist ¢aer re vbed ethedireeabsanfdhg hosent invention.

i nter iate fore cal t|on I

Nad%qugMS] AR e P E‘“ el gmblifol itghediate before
calcintsriredi ate after cal ci natl on [0016] FIG 6b is a

detil e of the ms' te after

cal Zfl onMFL,‘:ﬁ rgents %égﬁ% g‘ﬂ 5’% 3@81 QuS
mt&r@r%?éte btfre daisiiansn, avhees shdbatt rmé@m sm ( pat hway) for

[ ow tegﬁerature rutile crystallization according

t hel09A8Lkess b6 t@?eisa%%yh(nqg@/gﬁhqa §altec[ @mrg]ec#qt@aﬁgr calcination.
Shofﬁ’ﬂ@}/ MeapRs My @ SHithfed SEMHUYY HAhEs8REH Mlermediate 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 9b show the same rutile crystal phase
development as in FIG. 8, by means of XRD patterns.
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m crographs, the transformation of the anorphous

internmedi ate into phase-pure rutile crystals. [0019]
wWo-b@s/04R90a, and 9b show the sane rutil e crystedT/phae€037421

devel opnent as in F)G 8, by neans of XRD

patterns.[0020] FIG 10A is an XRD pattern of the

anor phous internedi ate after flash calcination at 625C

for 60 seconds. t shows that the conversion into

rutfiopeovas VEIY.: foasis anXRY phtteraesf thk: amatpaees 'phexmecﬁaite after

oS3 Q3 oA, SN RS codertlh B v

ve éét %ﬁﬂréﬁé%d)ffaﬁb{dsé phhyshRd re€bnpi gnentary  si ze
IG 10Cis an SEMinmage of flash calcined anorp

i ntl@PArbi at eFIGHOR gnaoteMimnrge of gy sragapals iak SP‘a‘ﬂ"i“Q@ uniform
stngtyr%td’i‘lv%g gelb é&?@tlé’& ST RiaSeelF(&S. 1dc & &1 8EM image
es o a vari et shapes of the
of ﬂawtmmlrmdtam@bhoes ntereiediate haégwmg ardeiall ofregdnegaias |0§/rutrle
SRR Bl RLRbIBR BB 3 1855 ORI ipagge f o vty
of $Haples of tmbulnatablesbmkvtajcr@stalspmaslearfomnednrdhe eBrlg@kéQ@ of

e SRR oS RS o ORE ff Gt nve

a fibf) €atiunst hlcturel ﬁﬁk\bt ® mkysemomhaa@am hlsb dormupseicalexdgonal
appears in the early stages of the calcination. [0025]
nyﬁla%- 13 shows an SEM i mage of the cal ci ned pignment

ba duce i fth
coROBNEY | CEIS D 808 TSR ARl A5 Ga bl f e

ungtgblamrakive icristal PhRsRNtYFrudilejes lappp@ﬁr& ﬁéhe glatlv geages of the
Ca,gggg@ft base product after cal cination and washing.
" FIG 15 presents an XRD pattern of the
I nt[@0R8BHI at eF&I t3 sievsan SEB imagie efrthetvaloadd gigmengbase

prq\%%{ssaoe %Ogystm%?es&? T tﬁg%)%l é}gg?zg‘é X q 8# %ﬁg b%%{rg tﬂé'mﬂhﬁg step.

matfeoRe] . [ 0BE8]14HsGn SllB\/lﬁheg@slaoWldd a ﬂgtaurojﬁmé ealofned pigment
the mater.i al corres ondi to FIG 15. [0029] FIG 17
ba%?h%'i%“‘éir? SERFIFRAH B'F VA&t eri al corresponding to

[0027] FIG. 15 presents an XRD pattern of the intermediate calcined 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.

[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
FIG. 16 after milling.

[0030] FIG. 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

particle size is approximately between 40 nm and 100 nm.
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FIG 16 after mlling. [0030] FIG 18 shows an SEM

picture of a rutile pignment base nmade by the process
walemsnidaed in FIG . [0031] FIG 1 shows an SBEMT/DEZPe4/037421

of rutile wth a particle size in the nano-range nmade

according to the process of the present invention. The

primary particle size is approxi mately between 40 n

and 100 nm DESCRI PTI ON [ 0032] Referring nowto IG ,
DEJERBI B s of the present invention conprises the

f ol | t f
RS OB g b i 1 BhE ot brafitepi nupaton
complisks e f@fow&ff@brﬂer&\ﬂ $téps qt y bk@aa@aﬁ@{ afZémsq@eitJJss.ta.(.éan

treatpent o e_solution of step th optional

cogpeithigediia ueﬂwweaw Plth eaﬁélm@ Of(sztf;p dvdihosclhle watalyzing
sal{sd (e@l treeywnm HSPEAWIGH i 16D 2%&; Bﬁlcﬁﬁll yéécﬁﬁ‘% QE? ShéRichl control

produce an intermedi ate powder consi st
ag%fﬁ‘ér(ﬂh@\ﬁ@qr atioar(idasiralinpy apray di)fidghofnﬂ)gmwusloj step 3 to produce

an gittéﬁaﬁéi}?%{%%gwéé} E%séﬂﬁplo‘?%ﬁ'r thsotﬂ mﬁerf &ﬁngw ! gs?ﬁj

ormcrystarliine ru
homwagetiepuistygligabuted aaitssaﬁl atCimatidn afipe tpowaler bfrstep 4 to form

t h oduct of, cal ci ngti on

ory P RE SIE i b B 8 ot Al iseaciBr i ey oo
compytstdsl (6)mashinidf ehe ()r?)):luctQﬂi dﬂatd;:wtidﬂ\qwfe?b% g@d $alts added in step

tion,recov ng $te return tO

2 f’?’ﬁ{ﬁﬁfc&@é@@% ?Efg?p? @ndﬁﬁw%% ot §%?‘§‘PB?P Etcovfged in the washing

stef FOrSERINh tdBelpibddse AAapen %h@S(BPMlsBeV%n 81 thk ichStaliine rutrle
technique to form a sIurryo rutil {)%ment ase fo
gt i@

aggrpgatRe PY FrstsRiling dechnisyiedd fome assdiysy ler RigE e b@smfw\/further
prob&s cribed in nore detail. Preparation of a titanium
feed sol ution [0034] The first step of the process is
t hd0B32Zbar at Tlomseparate: $tepmivilimaye hp clesdrilses ntrhore detain
PreffatBEPRILAHiGm feb Bt OIS 0Ck. Bosiranl v, the
ani um co I'n solution and is not a
sudped4l on oThepﬁnst stebeﬁ thelpvocteeth thelpneparatiomps @Gtamum

corBR G Y oS e oS35 RS b B
conmpuronpe iregadationesrei is nasa B&épﬁr&l’tﬁﬁof partities. TRE3ESH s@uhon  may be
prepﬁarﬁamy?aréwnygﬁ Crlgslog{gclgﬂ% I;\ag%%gla)gpbg EJ I ?ﬁg{ ?\l% 6 3d75f£523 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 patents,
anhydrous TiCly may be used as feedstock. Alternatively, a solution of titanium
oxychloride and similar compounds from any other source can be used as shown in
FIG. 2. Desirably, the titanium compound is an aqueous titanium compound solution.

More desirably, the titanium compound is an aqueous titanium chloride solution.



10

15

20

25

feed solution nmay al so be prepared as described in

U S Pat. No. 6,548,039, the relevant portions of
wWovR008/049496 | ncor por at ed herein by reference. n PODES2004/037421

pat ents, anhydrous Ti CU may be used as feedst ock.

Alternatively, a solution of titanium oxychloride and

simlar conmpounds from any other source can be used as

shown in FIG 2. Desirably, the titanium conpound is

Adaﬁ,@ggﬁ@éﬁ,;ﬁmgﬂgﬁmm conmpound sol ution. Mre desirably,
the titani um conpound is a n aqueous titanium chloride

sol i9088h. Addif auantibf ofcagaiplyzinagak aiay e ogsipletely digsoived in the
tita{'} uﬁg%é@uﬂ&é&%ﬂotfom}é sgﬁeﬁ mlsﬁlﬁ‘l&ﬁ dfﬁeg ét\c’xﬁgpgr%xlt can be a

nium conpound solutron to forma sa
singlel safticora. co%n@airabf)saltmg’fh@batab/almg lva Hacagi h@ bddaed bt amy suitable

tim gRFTR el Pkl fis iatAd 933 e fftodiieqd into the

proessgTpliing ﬁhesoc@haéwacngn sipt maltaayzmgrswlmcbsl totppomote

BB Ro0 Y LI ob B bur T S LK B (shernen readily
co%waﬂbw mcﬁﬁéiroﬁ&eﬁ] %1@%3 ©YHAas-shite kinjstals W b &idry rutile.

then readily conver at | ow cal ci nati on tenperatures,

t o [9REE- st aBhe cetajing %albt#seémigm’émmeﬁemmw@lor{l@@%ﬂble in the
s‘i@élﬂb%zdhﬂgldé%loyutﬂﬁ eftbriathstdh ﬁ%%bl‘e@ﬁﬁrﬁd&r})& Feact with

uble i n aqueous titanium c sol ut
ntanenaccm;pmmﬂ in étl:e tempeadflee wande @ee@lrﬁche preaent wotéss, generally

ol Fh6% R VBAHBRET e SIREEEEHES o ARAREEA ifess ar
80@Ch otheneattlyzinh ealt atidéd i thg feed solbitin desiedlily hgs pandtingpoint
belafiiGatcd e Bpr o enaton BatfhlleS plsiss BEBEosh e bpsighS theie

cathljfic 8Bé@Cthedaftd hidyiéd Rici@Siuaing! fads tréndd&l by efacing
t hat beS|dsthe|r ca |)>/tIC effect, the salts %
agefligo 'F‘Eﬁ’?c‘? Uis 3 RQEE‘FL;@ impostapt whert the S%JF?da@ﬁ%éh grolten state.

ag 6[0957% Thes gngichfhi st thaf 4l &S d irl RRYrESEHt iNsflion

the salts are in the nolten state. [0037] The

inclggle Pyss GRIMRAHNGS (o ﬁ‘ta%éfp'bbl%%ﬁlﬂ){ mitHEe Bftagamsalts or other pure
chlbrrH’@gElfso ”rHéJ?HaléQ%‘?a yﬁt% mﬁnh‘%cbom Qh‘ Néctxckcx LiCl and

any m xt e of t ese sats or other "pure c
thegamtdsxreér ehighearebeliugagt iarthe prased ingerdhows Saitd thiah gre usefu! in the

e e A Pt B AIE A" Kl Gogql gions can
be eddddids bner hempommsucm ag egrbopaias baddudiaxides, eea(ttyaga/sith an
ox BB HEE e Dot i PG S orveria o
chemyidaiiyxdtaiele chiogidesi ng wi th an

[0038] The quantity of catalyzing salt to be added and dissolved in the
feed solution may be from about 3% by weight of the e quivalent amount of titanium
dioxide contained in the feed solution up to the amount corresponding to the saturation
point of the salt in fhe feed solution. Desirably, the catalyzing salt 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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excess of HCl in the feed solution. These unstable

conpounds wi Il be converted to chemcally stable
waebkiosnides. [ 0038] The quantity of catal yzi ng Bel/US1004/037421

be added and di ssolved in the feed solution nmay be

from about 3% by wei ght of the equival ent anount of

titanium di oxide contained in the feed solution up to

t he anobunt corresponding to the saturation point of
30%.madgapie desirahly frase abaB 20t habaud 57 BY Welgtf©f the amount of the

' i ' almnt from about 10%
eq“ﬁ%‘%%%ﬁ{tom’%ﬁéﬁ%ﬁé?%h% agﬂghédfggi@rggbl y from about 15%to
abf@A3]% andy pmvidinies madishphase mt Hisolewesbpessibla beraperature for
25% by ,wej, gh he . j .
a meg & (BE S s, RS RS KonRioelih o1 H) KicE g SRt Nac s o
partioutatiudieng tiee prekertrinyentioe. ahe etteetic@oesspaulssiotdbout 54 mol%
temperature for a mx e of the three salts, .the .
Licl i ge i ECrsb s 1B Nt Bnd s melliod Pl e g eutectic

con‘@%@ﬁfbﬁg k&3 th& Bhal S);SI[&EQ LREKE (BMRIY 4;5(9&- of BMUEYAESE) Snd the

rresponds to about 54 nol % Li Cl, “44 nol % KCI and
systeni AONNGIC] anditing poimt abbdutiadg G ialso pifovBiedoE. mdalling mixtures that do

ot A TR 245 U 2 56y o L8 ST el e
predentimidatdn.(nel ting point about 558 C) also provide | ow

melting mxtures that do not require the addition of 3
Optigiral chemicaldreatmeny apd addition of S%Q'W%Q‘H@S process of

t hgo(m(gsent ESNVERbPS-paRld SR8hndNRiHiGaki AatiPBiin ﬁﬁﬂe)ﬂnal
addi tion of seeding agents [0040] For control of o
progamt.ttheimicalicpatrelmndpzsetingl agestseandps edried tq e fead splution in

add[gﬂgngéa gg%eggrygwg%ggggﬁgéﬁ erelp s comg)élgﬁ&@waagat%@gh& &@n

olution in addition t
incaratratedzinnige sadutting Thersentohateiialdly tbermvapbradind aneeailgigation
agents _are _inGor t i r ' ' t .
oro 350 Raff By BELBIRT I Tob R, SIS R LR chemcol comvo
andaeddimgruy@htdiaciude owe megindidimiteeldy dinecorSuourals| ie thex ataphegs or
cal control and seeding agents include, but

of chem
Sta'ﬁ\"‘et%ﬁ'@tn(]spi Rt ¥Y ko tin conmpounds in the stannous or

Eva?rb@é't%r@tcf f5ren & BRindilmSsalled Siviepshicis Gitekmetiniten a t hin
il msal ted anorphous internmedi at ef#%O%lrh?The salte
orit

ed :
f e@P4AYI ut i ohhg fpltecHesdhFolgHoHRI¢y hnEherRtaiR chemical

confrOMEdOse el %ﬁﬁg cREIARY th forBVAR Ritainsstidte foNdar&ohsisting of

I nt ermedi ate powder consi sting of o i
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 titanium 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 relevant portions of which are incorporated herein by reference. A

typical X-ray diffraction (XRD) pattern of a NaCl-salted amorphous intermediate is
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anor phous titani um conpounds and a honogeneously

distributed salt as shown in FIG 4. Desirably, the
we@r@poteEbé on i s conducted in a spray drier. SpPEyUS2004/037421

dryi ng produces thin-shelled or "thin filnf holl ow

sphere or parts of spheres as shown in FIG 4. n other

wor ds, evaporation by spray drying provides an

am)rphous salted internedi ate. [0042] One process for
shopmkin ifGt heSadivra shignda masassied in Axessse gPmpPargdstoghe gppagjty of the

am bR Eieglo BT AR YRR, otekeipnd St i Ve
subptb?d:tumnsf toé tlt&thamDe)hamsmOpmoaUéd TherdRi pajtern shows the
refer i.cal Y
pregics RAEC srllf SR e e Mo Th SR Rbte
FI @0048] Sodi HO) &4k gabeteongisathgdasmithis siqes®, destraplredycled as
to the ca ac:lty of the anorphous internediate to
showsria fEReoudtd2absorb the catalyzing salt in the

caléiiasibructure of the titani um anorphous conpound. The
XRD pattern shows the presence of NaCl crystals,

f o[@@4f]on t h&%mltedcaen@phw@néﬁfﬁmﬁi@gvo ElsnibEn galsined in a
tembg%{ bF%Pf \27@13!%' &gﬁg hﬁﬂ@?ﬁr‘h@%&é&%ﬁﬂd@ alﬁkﬁleaﬁlr &emical
read@Rincof rtiad cataly[zmgt‘sé]ts With tmmred:ommﬂs @scinst & dmemaabreactlon is

con LR PR PrB VL PR et PRGN 8 SR pYASES iacton
whiéhgendrally iné &thsaﬁatoﬁoitel’taan ot savifz iofi thes piloidsi civis tpnesent.
titani um corraounds occ ' [
S

coh@P4RIr ed sPEFATIClEAsE \?JHQHQ Fﬂgﬁgﬁ‘ga&@%g@: IﬁgnldSHC') are

desrr§@49tréév&|éd8asd§mm,abilgswaxdQay di ffraction, whi ch
generally indicates that nore than 0.5 W % of th

pr 60RA8] i s pPeseAlly. REMEIPN dyDBrAlIeE 43RGE R ﬁJRj)Ut 300°C to
aboﬁﬁé@d)"@at Aﬁé&@%hltgmﬂg%tf%%)l s%rtﬁa:q %@b"@ %ﬁlerﬂé’tgseé}e #&fxed with

Cenerally, caltcination
othetreTT@epaismi ebasesn gbdvediBlaBoire raldie myst@lsa@@uﬂaraeotf@n pigmentary

s G308 ISR SUDBE e 2 283 WGt bl o

Des@damyett&o&hl@nng lecuratat hdempystwkedesy tbwnl&ﬁ)aO@@r dedieably less than
rocBGIRBAL ARl R PR R R P 88 B sooc, 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.

[0047] The calcination time is from the period of time to melt 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 minute.

[0048] The transformation of the salted amorphous intermediate that

occurs as a result of calcination is clearly shown by comparing FIGs. 4, 6a, and 6b.
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Desirably, the calcining occurs at a tenperature |ess
than 800 C, desirably less than 700 C, nore desirably

wo ems/oidaacr 600 C, even nore desirably | ess thanCB0820@4/037421
and particularly desirable at |ess than 450 C. The
tenperature range used for calcination in the present
invention is significantly lower than the tenperature
used in the calcination step of the existing sulfate

FiGo# sewsrthe salipcbemsgdwus Hampdisgy & G- 07 dhe seamiiag elactron

i 50 BT TR 0055 g BNl oo
thirt fite Qfaha!ryezrmegiiaaltm ab opab oetwarl ohwell-devebeopd ablilg cristas.
FIG, %bc :hg%ltlsly X Sls %rée?]' ng Qt};%gﬂ 0‘?9 zaﬁgagg%a% » fudRy ?ogether at

even nor e
ondlgsity aftdryhd eaite sthaoturelweas fooned. m nut e. [0048] The

fer e A r—
botﬁﬂqw@l MUcRREBRhOINGY SpHeTes 65 pAds ofdpHef. ha&ﬁh@an‘éfféb%dlameter

the salted anorphous internediate. n FIG 6a,

frorg @lant Bid K B @K 18D b g Fﬁr(nssf\f&dyﬁ&ﬁs’n?ﬁt Wthﬁé used in
con?\%}:ﬁérﬂ?ﬁl‘\ EQrt%P&;?rﬁﬁeé‘é‘%ahéf (e "mhé g tbRkin mgrm@ym%fw Sphere

nternedi ate to an pen net
wergdb [bedoniinegsb @ sninerd wouldyhst f@rrﬁed Fq fing astiametanef lee defined

dlamggel??%th%oéf‘%%mé’ aliah\%@erOfol}%%ﬁ (éysrt]é}htg?'ie)gz? gﬁﬁalfhgl%esqze from about

er a rut cture
10 hmr toeabout 00d@hnm xrmldtbmg fsomdshoubb® em toadbouth ODovm, artefurther

. duyct i t d .

inciiB i SRARADG 5 B4R ool AU ek, B BIbL i BpGisting

corditRne! @ysthliee aflpott 0 Amtotaboabtdl nrh@anive. pideicter Mrystallites in
‘effective dianeter used | connection with

thissize @NGE 28 RS erﬁéé{hﬁhmat) %'Zredt Qz BAECIESr 1mi ng t he

par[bés@f t henweﬂfe%téwh@t mhb@aﬁpatbg@y@ﬁcanewwbﬁrme catalyzing
formed to define a dianeter. The defi ned

salt@.fmlp@rto farce e anpmhopg gtqmugﬁgp@pounm;eto rafgntainstable crystalline
fonﬁ%}ﬁﬁ' @fo%)&éhsaé“@%%kn?e PRfd Métﬁaﬁe‘d%ﬁatfar AR Bithdse {]H%tgbl‘é

i ncluding fromabout 50 n to abou )
crysials, amrwsumgtm@eﬂyuqﬁ oreakitagtypiceliy lsb@tnanﬂ@@ i inGizepeng a fraction

of u?’tpao arp\?h aM\!ittaQe HE: %é(ﬁls CSROérEL?QJ lngI the t?l?ﬂlé’ a‘i‘g si%lBﬁcantly lower

condrtl ons, ut nm
tenperatbe thao mmtemm@tysst al whitke Ji0rartatase csyqtals amjmcmreto convert

intocr%ﬂ%iirq?heegbste%cg%fsal 0-sized particles.

[0051] Without being bound by any particular theory, it is believed that the
catalyzing salts most likely improve mass transfer, provide spacing required for rutile
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



10

15

20

[0050] t is expected that in the early stages of
calcination, the catalyzing salts function to force

WO b@samapphous titani um conpounds to adopt unspPebis2004/037421
crystalline forms of such as brookite. t is postul ated
that a mxture o f these unstable crystals, consisting
nostly of brookite, typically less than 100 nmin
size, and a fraction of ultra small anatase, is

650r@adictyrdingriosofteara provided by the Internptiara Gentee for Diffraction Data

(Y PR R S SERLEA HEAEICHAR o STBEERM St 20 o

aboun2®5idatiides. iThetflret ratile peak appesalat abo[10DB.4]dedkedw UBrookite

bei n bo rticular theory,. it i el i eved
shoph gt SecRed expay 3haig B eoeroan Ihsedys: tsrve Faugdn Fic. o
shoW%QlﬁIéSfa%id apaurhAlee SMAGOKRE drRiatsl fasitbonerdish idt@ tiradnamically
the right particle size in an open networ

Sta%&ﬁ'!ﬁs'l”rtb@ P[@S@nca@asrea'éav@un@éé|ultf?o$fa'ﬁ{' .aaﬁgasmurmg the
trandgbhi Ng and fusing in the crystal growh process,
especially after they nelt. [0052] The proposed
paf0hisd} for Goed beahirmnsiesis gesireblesduting thg adiaination step of this
. i [ p n
inveS TS F oiBheudaPiat it 1 Synd rob Tondd bt e
intetmedisteao nettle ah6%°@:iemefmmmeamwrpgmnﬂs heat teamm@in waeprovided by
into,rutile a %goc A cording to software provi ded by
calcining thg iatermedig ?)éerfor Diffraction Data (ICDD),

t heodsqyst  XRbiffeRm for@b cRBAIGRAE ¢ %l@éﬁ@ghé\enﬂﬁ/ﬁf@ﬁméiﬂd it
a diffraction %gle 2Qof about 25 rees. The fjrst

is thoyght thatybthe Gaigieation Paecess R ﬁmﬁ%@a ng the 6Ky slages, than

TIO%F'H% b?ooﬁae@&% S B ImARPMuBY. degrees. On this
asis, the XRD pattern in FIG 9 shows the rapid

ap mnce o‘flGQr"a@ﬂ@DW@ agpigture of fully foroad/rititle @anwehes small
bm&nsf %Qamc%?rje}gkfoﬁsqg laqegtlL{f/Hérg tﬁé‘tr&r@%‘g%gﬁ&?ﬁés%terrupted by

unt's o anat ase
rembmagishxet sanple[f@03 Bje iGomdeheat transfer is desi rabl e
Waqﬁ“ ng the calcination step of this invention. FIGs.
TY8Y 10b, and 10c describe the same rapid transition
of [GU%]I nt errmdécaitiged mateatial Is&wﬁheﬁ%ﬁei-lbmz@e witautoeseparate the
en od_heat transf

aaoiespl Vil & aet ToRp By dn %Bgﬁ? TRher N AT SRR the rutie

pigréntbaeskd vl nSHtIe). $5 aRatiBMghatiAg ke thté@rdcb@s if tsudly phase
t hought that if the cal cination process

purq andingyedudhen m@c%g;gd dne |rr>1;lhgg 55-:@5 Figad6 shows the particle-size

distribution as a function of milling time for the sample of calcined base material shown
in FIG. 15 és it is milled into a desired product. FIG 17 shows a scanning electron
micrograph of the material corresponding to FIGs. 15 and 16.
Conditioning of salts

[0057] Foliowing 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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2 in the brookite formcould be manufactured. [0055]

FIG shows a mxture of fully forned rutile as well as
waepmblo4davooki te crystals. t corresponds to a teGI/UStves/@37421

the transformation was interrupted by renoving the

sanple fromthe furnace. Washing [0056] The cal ci ned

material is washed in de-ionized water to separate the

aggregates of rutile pignment base (FIGs. 13 and 14)

nedeb4R, t Bfoabitn tdhheifBodds. the reuydling dptrgnsafitsdlasen issshown in
shown in FIG 15. Rutile originating fromthis process
F'G%1&§Q@-Iy phase pure and nay be further processed in
DisPefdibhi Ng step. FIG shows the particle-size
Istribution as a function of mlling tinme for the
sarffi088lof calke ndie pigeenthase te&pvgrﬁ@!&wm thepyashing sigp is in the
it is ml ' Si ¢ 7
oo A BT S P gL R apart o
disp@ree iponet milingstEp Geodaricg 46/urGoofdistilegigrmeytdiassafor further

reep B AR enEid bl chapihot B gadBodbRbs alchiie can aiso be
dispersbd bpdicanf mresmsinglinsteddoiomgimitlingi on exchange or

ot her appropriate purifi %_SQ{[@QLE#GD to renove trace
contam nants, and concen d,—Pf 10necessary, before

retighgof 0 t h?h&i&%ﬁﬁfglcexﬂhﬁyiéﬁsb&ﬂnbaﬁ 16filibiates dut not limit, the
solution is shown inFIGs. 1 and 2. Di spersion [0058]

preSert invantibe. pi gnent base recovered fromthe washing

ExAMHA i$ in the formof aggregates of primary rutile
X rys l%al s. These aggregates are broken apart or

di pe68Ed i nAasynitetinititaniung oxyaiQrider ssdutionragniaisingr t4Paofi/L was
ot W ENEERELRT B le P o PR AT TS u@imeting i
of thlsrdafitdsfrposiion & sitoh84diGpehs exdalymetrdafithe ertentic calglyzing salt
comhe S T bk AR R
corPE<oRA% td TVRIY] Mhe equivalent amount of TiOy, i.e. the TiO2 that will be
formed from the solution in the process of the present invention. T he solution was
evaporated in a spray drier at 250°C, producing a salted titanium inorganic amorphous
intermediate (FIG. 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 oxychloride solution containing 100 g Ti/ll. 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 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 of 0.15 wt

% of SnO, to the final TiO2 product that is obtained in the present process. The solution

11
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EXAMPLE 1 [0060] A synthetic titanium oxychloride
solution containing g Ti/L was treated with a
WONa05/0k@be Li CI eut ectic conposition. FIG 3 shepewusivat/037421

the nmelting point of this salt conposition is about
346C. The total anmount of the eutectic catalyzing salt
conposition added was 20 wt % of the anount of Ti in
solution. This amount corresponds to 12 wt % of the

waseyapvaitahby spraydiying alf288°C, pragducinge srltied iHsfmadiate, yghich was

e GBI ORI SO TSR i OB SRR p by AT it o

speéifié Slirfade £58 7GnY/phanieobiaineal afwr taldinaliomnAEwanninggaetteon

anor phous internediate (FIG 4
mlcr@graﬂm@‘d g maiertal petoge mil nqﬁsrﬁjhpé@ lwghcg s elfNZ’ﬁlpé Hp; gﬁgﬁhtness of the
unnﬂl&%aﬁbv dBinirddasy sgechiophaip@eiry,iwasses 4 ad’é}ead\maaglé pérticle

/'g were obtained after cal ci nation ang ﬁ? il
SIzerﬂetdemwged EXIRRER RIS ION RPN NS PARERR s d ‘PQH" gy miting.

lporide solution containing 100 Ti/L was treated
ExmrggépNaCI KCl -Li Cl eutectic conposition. The anp

of [@062]cat al & symbetalianisonposhiorda selytier corl@inng MO %T'/L was

treafSqs adiHte R Tt AR R oofiipoflify 3 he Sldupe S e EtaNPIG sall
conﬁi{osfﬁbg RistoRet in thet feed solatomwat 20 wieh chthiel eguivlentagount of TiO;

al so di ssol ved f eed sol utiaon fo C
a5 definphad BETEI e 15 BT VR QAR e T B e S 20
pro&&irﬁ?é‘ kYR ERterinedmitdl 8deblst thaf inferhediatdtvere Salﬁrled at 650°C

i nal Ti O product that hs obta ned in the géﬁr

for itb@edaandi AR migHar She IMlBENSFBRL uas BYesred
phofH r28e foun@ SrPES igha ﬁl@'ﬁéﬁ}@ltlbﬁﬁrﬁé Rtk gbmewmaﬂlmlamsXRD

er calcined at 625 C for 90 m nutes, Phasep%sé - ‘
pattetrts fben@irgﬁﬁqﬁaﬁh)@“p@ﬁtﬁameééawtloﬁ infogyte Pigreerly ansition o

the am%%%}?od? IA% M?&lgte PlAUBRDIGhER! pa‘?@&lé‘é &dise@y tﬁe presence of salts

sca nmcrorahof he materi al
is veryl ftastmgvd mesmmW tinfel ganena;lly dEﬁé“@I-? 9n B @HPH@%%f hﬁ@t {hd can be

trar\ﬁgesrreé}(sg d, rmt 2l Alons IS € SHHRAG, PM SRECIHIEPheh %ﬁBW%Xhat

Ver age artlcle size determ ned
trarisk@Rstios of one erlyetzﬂ fcum :mowrmmwnm glace within @i«e minute. No

s e Y i e 88 BAEAR, e pkBveriod anctase
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 full rutile conversion was 60 minutes at 500°C, 30 minutes at
600°C, and 15 minutes at 650°C. Generally, full rutilization can be achieved in an
extremely short time. In fact, full rutilization can be achieved almost instantly after the
salt package melts. A variety of calcination techniques, including airborne calcination in

a heated nozzie, can be used to achieve the same resuits.

12



10

15

20

25

30

treated with a NaC -KC -Li Cl eutectic conposition. The
anount of the catalyzing salt conposition dissolved in
wo b@serds sol uti on was 25 wt % of the equi val ePCT/ARIOH037421
of as defined in Exanple . The solution was evapor at ed
in a spray drier at 250 C, producing a salted
internmedi ate. Sanples of the internedi ate were
calcined at 650 C for 1, 2, 3, 7, and 90 m nutes. The
EXAMPLIFe4 phase growm h was noni tored. SEM phot ogr aphs
found in FIG 8 show the transition into ruti

t
pi JABE#] part M|t@§ummwfﬁfartqee$qh%tm&mé@n'ﬁ9 88 TiLshrgupred from
uméﬂﬂé BT fHet ﬂ;rBEbéerf Q. & Ubkil RoPb, 9'?‘5 b3 (a_sh?enerally depicted by

transi'tion of the anorphous intermediate into rut
FIGoitgherein)yeast trQﬂte@ with adéaCCllie! @ﬁ@gwmltgg] t Ehg gmount of

the cﬁga\(yzf r{%ﬁg?lfi&ﬁn%&%oﬁ{zﬁdﬁh&%%éwansﬁ il/é/l ﬂf?ﬁ%@ﬁt 810, in
the cfeéd:smiahmroasdefasadl is Exhopte 1.nAFlaGoundaf taneacqgwal@bt oHdB SnO- in
for f one,cr

the I pigDoR PR oBMe € i magE® 7 ke LoRh O M fefiidtde, and was

disisH i thé f%sdswtmrfbn ?‘ét@iﬁ cmﬂﬁoh l@ﬁﬂwwaﬁicle'ﬁrzeomf striblition. The
unconverted anatase a ter t nut e i on, are

soleliogas AVaRCEted 4 SpiA g aheRls aﬁmgk'awg@es%'fs dipismediate,

whitR \Afdétfh hﬁen%iblr@écﬁé@??@tf&r gt s b psPLBIL pigmentary
anot her set of experinents in crucibles, with the s m?the

pariigles Wikl pbliabes after colgigatigund G- A&tshewe ami %Mlﬁﬁotograph
phaggrfmrgﬁmggg%émgw %chféél | rutile conversion was 60

m nutes at 600 C, and 15 m nutes
EXAMP&EEO5C Generally, full rutilization can be achieved

trenmgl
r@@g@;ch, gge% g\%%ﬁl atn nsf) a%r{&ﬁtefter b CBHH'*H%% il was

trea:le@ kityen TERBO snol%h N@@Me@_b/mmturearrbe maefirgnpaistodinthipudaCl-LiCl

R e O
of tB@@ﬁGﬂvalfént smgm}xﬁﬂmy :abld@nnei@nrs@ka;mn?llen donamaionnhof B0equivalent

repare raom il menit re follow,n S
to asy o o1 SIS SO0 4G (0 erEr et PRSI DK e 2. was
intrtbi$eedlas fieic@iabhionas ahd @Ak @lﬂ;sblvbb irthida6éd K&lutibh €@r better control of
eutectic conposition. The anpbunt of the cat al?&éiﬂgﬂfﬁ 250°C,

thegariicle sizp sitihuionadfegolwien 2554V apgRtehie el
prognnag%u%teg &t&ﬁﬁe&sﬁ@ dwﬁlellw WakahRst caRirduesd 630°6%8r8heurs.

tin equivalent to 0.3% SnO in the
Phaseopluretrutile Pigraentapcbariclgscuais ebtainedaler ealeipatier:d TR specific

surfdcd &4 LAY ShhEHt bARAWNBE 1 mP/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
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di ssolved in the feed solution for better control of

the particle size distribution. The solution was
werapotabed in a spray drier at 250 C, produci PQI/as2004/037421

salted internedi ate, which was further calcined at

625C for 90 m nutes. Phase-pure rutile pignmentary

particles were obtained after calcination. FIG 18

shows an SEM phot ograph of the phase-pure rutile
of iDg perdeat, psplefined IndsSxanEtANPE BhipOds43 aAesghng h@ém was added to

tneyp AP Bt 5o0 o001 5% RAGEELTAS R RAIE. Pholutoh s

evdppkited ¢h @epray deibr 250 °Naplodutipy adatby rrﬁe#rﬁe@dﬂ@lﬂwh?&{)was further
f the catal yzi n% salt m xture added was

C. The_anmpunt
calgipeqgt 5/?}(21% Ph%getﬁﬁr d1asgiPUER B Pigmem Rerticlgs wedeiokigined in the
caltifafieraMmGe 15 sﬁ@w@ﬁﬁ leRD ?Ettéﬁnrbf Wbl_ bq{i}re hﬁllé‘B:gment particles.
addi ti on of 0.3% of final 2 product,  as
Thfdém¢q+f€osurﬁ¢cgﬁeﬁﬁp¢féhqse sgaregales vasden /adefara miling. The material

wa% ﬂkbgfs% Utk o Mbn Stg'lﬁ 3§8ar : r‘ijgc? @lutrrpeof aj-ﬁﬂ?é ?E%rﬁﬂbﬂpbase with

etter contro
pigiieatasy particlersizeadisteibatimr amdsal specific syfesy ajea of 9 av’/g561@, 16

nt er.nedi at
st ali% Pra b s P SO Bt ot 1o Phrce sice
ana)yz@lrr.e ALy grentsi al SEMwWaTageaiftial matbriaf ftar displeedioat | on.
EX%R‘I?’ %o,gci fic surface area of this pignent base was 5.1
d‘ pefore di spersion and 7.4 m/g after dispersion,

Th qoe86] age R%&h‘dh@’u@tn@hm Q)Ndhl@?d@@ohﬁ’oh E:@ﬂt%m;ﬁélﬂﬂ g Ti/L. was
el ectron m croScop 84 n after mlling. The

treqﬁe@ withdithhem chlogpe gﬁv ay@cptrrtswf UPrder efdhper '[beyoftﬁqhgmrhw@g added to
thlsogoéﬁtfb'fsamnﬁrw @Brd@&ﬁa nid aRuRT &Hr@ th BB ratio in the
h oride so

A synthetic titanium oxyc tion
sohgtismt ofiabonly 530 TheTsglutionawas emoe@tewlrthsaramampr ait 60°C, producing
[ [ d C.

= sQARIerRFRTR AN o2k HhDr Callifi) pPE 101 0 REBIT R0
pigmestang p%:ofbsmaee ebia@ineal ent anount 13O Ti O present, as'

in Exanple 1. Tin chloride as a seeding agent
EXRﬁg%g%ed to the feed solution for better control o

t hqopeT) i cl eAslaetit Blahidavbkyahloriibeolutioh dontamimgSo g TilL was

evaporated in, a spra at 250 C, producin .
troiag MR o AeeuRL 1 SET hlaskie aire hpmnciio B WA Utk Be agpyatent
ambuhi@f THH ) QY UsfindtATSaPYIE 17 Wil drRowtt 8FBMietR@hlorileSenta-hydrate

were gobtained in the
corresponding to 1.7% of the amount of Ti present in solution was added to the solution

for better control of patrticle size and particle size distribution. The solution was
evaporated in a spray drier at 250°C, producing a salted intermediate. The XRD pattern
corresponding 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 Ti/L was

treated with a NaCI-KCI-LiCl eutectic composition. The amount of the catalyzing salt

14



calcination. FIG 15 shows an XRD pattern of the
phase-pure rutile pignment particles. The specific
wae mwosacE@r ea of these aggregates was 7 m /g bedDUS2004/037421
mlling. The material was di spersed after the washing
step, producing a slurry of a mlled pignment base,
Wth pignentary particle size distribution and a
specific surface area of 9 rn /g. FIG 16 shows the
‘conmpddittiongaduesiide2 D vhofsheratyeivalaht amoanttaf1é0: by dafined in

SR o B ey B0 4RCL i GO leermod

Exa[rﬂ&@@ wasSiRddiRbH Gs tiht@tPdchIBriosy el @ik dessdblddt inake feed solution
cont ai ni ntrzqullL was treated with_ lithiumchloride.

for hateongpl alghe pgriste size ¢alribptiers Thy salyfion WS %}@9%?&%%&1 a spray
dridr &t DBOEC ﬁ;gba’&dlr?d‘a @él_téd lhfé'rMﬁbﬁYé' WhidHRas fliifer@aRiMEd at 550°C for

correspo : l'ar ratio in the solution of
90 aihodes. 5Nano-$ized sv@rtm:tasmﬁ phiase-evpotigrwere eptainggdrmhe calcination.

P ek aPARAE| 008 2P SRR ah et
havingpémby yarpale sizeliethewange obtreaboat 20 BXAMPaBOE 100087 A
t iur hl d I
o PEbas t FETeBII ¥ Rmiink i AomEp - EBart e RGa R
maae! e d?smohtbf byt Wed%gaagfent bed Bgutseihation eamaperatoé, it is
posbif ety o) gl e s DR el B gges between

150 B8 85@HRE cAf belbbiRinea e BmallBr, #ahlsiAek PS¢ PaktRldshBseful for
solution for better control of particle size and

norpaioiient apglicadions ean alpebe frmerh d-agggrevemndQham) particles form,
whéaﬁ’ ? gﬁfsecﬂ‘ ddded s &% Iﬂk ' t?({)tcéﬁ Efer G0 W %%’é‘ée@%rﬁthe tntamum

I nt ernedi at e. attern correspondin
d:omde sontent randdiakination temperbture isshighwiypisally abow: 7GH&.
EXRmFt %ﬁ,lbnterrredl ate was further calcined at 820 C for
fourhours. Rutile pignentary particles were obtained
i n [0b20Fal ci natyntretic Emmhﬁxﬁmmﬂéaommymﬂmmmg 50 nglL was

o ST P RS R0 5 BV A0 byl
of BODUBdefhed MEEaMi@ ZIThE soRltion ]A/BSQJVB@SI’&‘(E@E\'] adpes) dvies at
2502"50, \gﬁod%c:%cg g Q:Ste%quftleyrﬁcla gtte \%HPC %asoftjrtggr ga fcmgg at 680°C for 30
minutes. An unstable brookite crystal phase was obtained. FIG. 11a shows an SEM
photograph of the brookite crystal phase, produced under these conditions, and after
washing.
EXAMPLE 11

[0071] A synthetic titanium oxychloride solution containing 100 g Ti/l. 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 TiO; 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 a minute. Nano-
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Exanple . An anmount of tin equivalent to 0.3%in the

Ti O product, as defined in Exanple 2, was introduced
wa@soosiomspet r achl ori de, and was di ssol ved i n t heCct/@smo4/037421

solution for better control of the particle size

di stribution. The solution was evaporated in a spray

drier at 250C, producing a salted internedi ate, which

was further calcined at 550 C for 90 m nutes.
sizadamredidriassgban i1 60 as) of bisiokite wpre ebtaited aftatmadcination. FIGs. 11b,
11c %F\?H W& gh%g]\ﬂ d;f%‘?%rﬁ%{grb]%&ls BrgglateFérﬁtale?rLﬁQ&}@%BﬂgggﬁMh|s calcination.
EXAMRLIEe’Imaw ng primary particle size in the range from

Ont ab 069 t he am)n.k
a8 nos: « Phfcgtned eniduet dzsrbed b & 3pitelie, Wan iaehed in DI
wat@p n‘PlQéS UhiinMed @fgnﬁé}ﬂ baee @te@r@d 2eqné fllﬂiﬂ CWhh@ th@ kgt BalutioN was
erature, possi bl e to nethodically control

Sep?h?ée%aﬁ@ e @t @"‘ 4 éhfeffg'ﬂ Recopror (Wlad wibgiasin ferenea;possible cross

corhingsiR slief a§r}@n3%e%@ﬁ@n&?s@%cﬁhtﬁﬂjwa%@f%eﬁf used for hydration
nano-si zed < partl cl es, usef ul

of Tifela-tpipgerate %q&kfpr @a@ ehkatelnf maalyrrquwm salatigyer Since the

salt(n W?égegrr on V&d‘)@{/ %l’lﬂ@g ) }}iﬁ%@nd@'&?%%@%@%& n‘?ft? ﬁgedﬁam feed

somtlohaas depidied>m EEG content, and cal cination tenperature

typ' C above MPLE 1 070] A. ..
&&@%u ctif ‘Hﬁ;}‘& P‘g‘?"? that &g, WF%"%%E@F?%"’%@C%'O" be
reggrcﬂéu las iMRSrativeeaitiast thart himiNagl andlihat lﬁﬂ@tlmdetﬁétoééﬁl@étmzibml%
salt added was 20 wt % of the equivalent OTi O

folloydng Alaims Anghiding plb equivalgatss Hial predRteREleddQL4ss Pﬁt‘B%l spijt gnd
&mﬁgbaymgﬁwgﬁmﬁa 250 C, producing a salted internediate,
whi ch was further calcined at 600 C for 30 m nutes. An

unst abl e brookite crystal phase was obtained. FIG a
shows an SEM phot ograph of the brookite crystal phase,
produced under these conditions, and after washing.
EXAMPLE 11 [0071] A synthetic titanium oxychloride
sol ution containing 100 Ti/L was treated with a
NaCl - KCl - Li Cl eutectic conmposition. The anmount of the
catal yzing salt conposition added was 25 w %of the
equi val ent anount of in the feed solution as defined
in Exanple . The solution was evaporated in a spray
drier at 250 C, producing
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a salted internmedi ate, which was further cal cined at
500C for about a mnute. Nano- 15sized needles (Il ess
wo b@s/0490 nn) of brookite were obtained after PCT/US2004/037421
calcination. FIGs. 1b, 1c, and d show different forns
of brookite crystal structure formed in this
cal ci nation. EXAMPLE 12 [0072] The cal ci ned product
described in Exanple 2, was washed in D water. The
unm | I ed pi gnent base stayed on the filter, while the
WHdl 1S €0/AUMET was separated and run at p 7 through a
colum filled with resin to renove possi bl e cross
1. comlamtaambmtmqinoms|fmrqrrodﬁhmgqn@ueni-méd rgt‘dBt’U’tanlum dioxide

on urther , to
fronb?@ﬁgPgoqse%cgutfo&co%vtswgetplgaf?)ﬂ%w g H) %ﬁfagrsﬁe xychl ori de
solaut i oprepafing en bhgean ftaeﬂosdlullm@el‘onmrﬂng adthnium compound;
chloride, tin c?orlde vvas% d[ 8 t?tt (ﬂewfeed
solbut i oRINIRG apEHPEHVERTRHH &2 G2 a@ '59?]6 o e s S or &
i nicendeg, ﬁmm( b8@in§ arpaRiioa dntral éwtd@msmmm be
regarded as illustrative rather than limtin
that it ewepaiptingrthe selwtiomi® predyce a ARy qrﬁwpbwgg‘t%mé‘?%"e that
ﬁﬁ'% 1 are intended to define
'nc‘{'ﬁ&éy%}?g%&grﬁﬁ scop eh‘g)PB‘ts‘ﬁlssé}ﬁ]ventl on. 16WHAT S
CLAL lvEDcaxcmmg| tbwrtt@nmeaedﬁéorm diesrtiearigmestibesng
pi gnment -grade rutile titanium di oxi de from an aqueous
2. Sobyh ol biafh ﬂ@mh@ﬁ Jé%b%@ WoSBMYARL sl SheRR calsined TiO,
prepari ng an agueous sol ution conprising a
rutileipi@nemtrbwerrpound b. adding an effective anobunt of a
catalyzing salt to the solution; c. optionally adding
3. 2 9hey {3@&55%‘?@35@'2 f@ﬂﬁ&tcdrﬁpﬁé’lﬁg ?rﬁlthé 'aﬁB’dléi!)ersm the TiO; rutile
evaporating the solution to produce dry anor phous
pigmnaber nedi ate that incl udes a mxture of titani um
compounds; and e. calcining the internmediate to form
4. " UtT‘heeprB&@gg%?E‘#?rﬁsl%hgremW% tﬁéﬂﬁﬁﬁ&)xﬁéonﬁ{(ﬁb @eibcféb" t6@rthe
conpri'si ng was he salt fromthe calcined TiO
groopibf titenpxngdﬁnmddoamlufﬁ oxyrpopidcnsismbdures Mareof. f ur t her

conprising mlling and dispersing the rutile
5. The process of claim 1 wherein the titanium compound is titanium oxychloride.
6. The process of claim 1 wherein the catalyzing salt is a salt of an alkali metal.
7. The process of claim 1 wherein the catalyzing salt is selected from the group

consisting of chloride salts.

8. The process of claim 7 wherein the chloride salts are selected from the group

consisting of NaCl, KClI, LiCl and mixtures thereof.

9. The process of claim 7 wherein the chloride salts comprise a eutectic mixture of
NaCl, KCI, and LiCl.
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25

pi gment. 4. The process of claim1l wherein the
titanium conpound is selected fromthe group of
WO aoasia4ns chl ori de, titani um oxychl oride, and PECRUSI08$037421
thereof. 5. The process of claim1 wherein the
titani um conmpound is titaniumoxychloride. 6. The
process of claim1 wherein the catalyzing salt is a
salt of an alkali metal. 7. The process of claiml
10.wherrtel rocdes of afainyz mhgranlthe cldodde ealtecbrhprisa 4 keatagtiongpxture of
chg{}]&igﬁ;i ng of chloride salts. 8. The process of claim
in the chloride salts are selected fromthe
group consisting of NaCl, KC, LiCl and m xtures
11.t hefheofrocéss of lwmiprowbeseio the thibriud salrecanprisene eutectic mixture of
.~chl ori salts conprise a eutectic mxture of NaCl,
L'C&@‘?Nﬁ'ﬁg Li Cl. 17r1T8. The process of claim 7 wherein
the chloride salts conprise a eutectic m xture of LiC
12.andriéGrocessTdielgmoic eberaif thod eatalyZingtsaltas pradeat mhtherféet® solution

. salts rise.a eutectic . mxture of LiCl and NaCl. .

in Spoamey ToReaae Sopeiarnt ve ot Rbavabb eI aEtonit & Jichrigesentin the

feell SoRIi6S 8AE thearbentf @atbspohdinigad the salraivpLtint gfaRe catalyzing sat
about 3 wei ght % of the equivalent anount of Ti O

in the teedrfolytient he feed sol ution and the anount
corresponding to the saturation point of the

13.CateyFrbosssslclaimn Wherdig @tk sathhringsaltbesel én Heored Solution is
of claim1 wherein the catal yzi n%ft salt present in the -

from @bguisH] weidbh’ and abatbyeiolik rypl theeqHty alasb amaypt of TiO:

pre¥EihGMine el sbhigogqui val ent anount of present in the
feed solution. 14. The process of claim1 wherein the

ampunt of the catalyzing salt is between about wei ght
14.95 it F&Bﬁﬁﬁs B GlajB; bWFe‘%%fh“t ﬁ’é’oéa{ﬁ’f\ﬁaﬁ satehaiRgLsalt 'é%ﬁ_“@?e”
abdlélrt 85 QRligtt % bAE abBIA36 Wekt OF of the: eqUpfIEH PSSt OF T@iﬂn’@bent in

wherein the catal yzing salt does not significantl
thederchs@uliany react with titani um oxide through the
process.

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

chemically react with titanium oxide through the process.

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

chemical composition.
17.  The process of claim 1 wherein the catalyzing salt is recycled.

18.  The process of claim 1, wherein the TiO; rutile pigment base comprises an open

network of rutile crystals.

19.  The process of claim 1 wherein the catalyzing salt has a melting point of less

than 800°C.

20. The process of claim 1 wherein the calcining is conducted at a temperature less
than 800°C.
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16. The process of claim1l wherein the catal yzing salt
does not significantly change chem cal conposition.
wa 2005/09pr ocess of claim 1l wherein the catal ypegsmaso37421
is recycled. 18. The process of claim, wherein the
rutile pignment base conprises an open network of
rutile crystals. 19. The process of claim1l wherein
the catalyzing salt has a nelting point of |ess than
21. 800,-h rPrggess-Q? St ﬁr?%ré?f] 15 84i8hihg'h %B%Jbtéé‘ 8t a temperature less
calcining 1s conduct at a tenperature less than 800
tha@70882 . The process of claim 1 wherein the calcining
is conducted at a tenperature less than 700 C. 22. The
pr
22,01 RO s Yl LUBRIA e G By ehifud BERRRlure oo
thanIGQD?ﬁl wherein the calcining is conducted at a
tenperature | ess than 500 C. 24. The process of claim
1 r Cl
25.7 o SRl ook Of ! R BIHELSE oBha i EART I flure loss
thag &DBTGati on tine is between the time needed to nelt
the catalyzing salt and about 24 h. 26. The process of
ol el . . : .
24 3, I BT i KA I AGTE opRacies of @ Rinperature less
that 4B0W&Al ci nation tine is [ ess than about 30 m nutes.
28. The process of claim1 wherein the calcination
5.1 g SD%C%‘S% qf%t%ﬁnw%e?&‘?me %ﬂ@in l&ﬂurﬁ i€BetwH the time needed
proces 0 alm 1 whereint &m cal ‘Contro agent
tom@tﬁﬂdmthl&mﬁwaﬂtamdpboawmg. 30. The process of claim
27 wherein the chem cal control agent is a

ZB.Mtﬁree'pSfSéé&lo? claim 1 wherein the calcination time is less than about two hours.

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

minutes.

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

minute.

29.  The process of claim 1 wherein the chemical control agent is added before

evaporating.

30. The process of clairn 27 wherein the chemical control agent is a water-soluble

salt of tin.
31.  The process of claim 27 wherein the chemical control agent is tin chlonde.
32.  The process of claim 1 wherein the evaporating is conducted in a spray drier.

33.  The process of claim 1 wherein the evaporation temperature is between about
100°C and about 300°C.
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salt of tin. 31. The process of claim27 wherein the

chem cal control agent is tin chloride. 32. The
w@e@sosEIof claim 1l wherein the evaporating i SPCT/US2004/037421

conducted in a spray drier. 33. The process of claiml

wherein the evaporation tenperature is between about

100 C and about 300 C. 1934. The process of claim1l

wherei n the anor phous internedi ate conprises a

34, hompggneesss dficklity Bwhbrdin thandrdBiphouy grermatidterdontrisase

hydr ogen conpounds, w th a honpgeneous dj stribution of
homggepgowh iy PiHERILFaRKHAN. FDIFRE LML RYdragen gepgpounds, with a
hon@’g@ﬁ;@éﬁs AfstrHu@bMod 2ad e Gihgh thbaitAiAUR Rt digte. _
calcination conprises TiOTutile crystallites bound in
a structure of hollow spheres or parts of spheres. 36._.
35. Théhpgeeass Qrclamgsmvhereithedraduetariepralribationgamgrises TiO,
gl & & or phts JpHREQCESS
R G a1 b O Py RS o s A o

si ze between about 10 n and 1000 nm 38. The process
36. of The fracess alisra 33 wheredt ersaheresdiavies diaggier ¢fiaboat 0.1 to

bet ween about 50 nm and 500 nm 39. The process
abo@#@%’?’m 33 wherein the crystallites formng the
hol | ow spheres have a particle size between about 100
37. nnThagredBsmhclale, 33Mhbeisinthesaysitlligsdiave b parbeleisizet hrtween

' i cted with water to provi de an aqueous
abo@@ﬁ?h@%?%cfﬁﬁwg%.

ron and the TiOrutile pignment base. 41. The
process of claim40 further conprising recycling the
38. sallhs procasseof atpimciswhalein thel arystelites4@ve Ehparficlosdzesbaiveen

| m f onprising mlling the washed rutile
abopﬁallgdne%gﬁbéaggé Br&Oduct. 43. The process of claiml

wherein a thernodynanical ly unstabl e brookite phase is
39. f o he grrasesarfichierdedhartedn therdrygialiites ferming the hollay spheres have

a pacrﬁ‘élg isl}%t lgeqpveeg%bout 100 nm and 300 nm.

40. The process of claim 1 wherein the washing is conducted with water to provide

an aqueous salt solution and the TiO, rutile pigment base.

41.  The process of claim 40 further comprising recycling the salts in the aqueous salt

solution.

42.  The process of claim 41 further comprising milling the washed TiO- rutile pigment

base product.

43. The process of claim 1 wherein a thermodynamically unstable brookite phase is

formed as an intermediate during the early stages of calcination.
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