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t wo Crys structures of Tigerr] rutil e ,and anatase. The
rutile TROY e?/r] i s The process for producxng DIT%Z plgment by reacting Op-containing

gas and TiCl4 at temperatures ranging from 900 to 1600°C in a vapor phase is
known. The resulting hot gaseous suspension of TiO) particles and free chlorine
are discharged from the reactor and must be quickly cooled below 600°C within
about 5 to 100 seconds. This cooling is accomplished in a conduit, i.e., a flue so that

25 undesired TiO» particle size growth is prevented and particle agglomeration is
minimized. Pigment product properties such as carbon black undertone (CBU) and
gloss are a function of primary particle size and particle agglomeration, respectively.
If high agglomeration of TiO5 results, the TiO must be milled or ground in an
energy intensive, expensive process such as micronizing to reduce the size of

30 agglomerates in order to achieve the desired pigment properties. Further, two
crystal structures of TiO2 may form: rutile-and anatase. The rutile TiO2 is
preferred for its higher durability and its higher refractive index, both of which are
important performance characteristics. Anatase TiO9 is inherently less durable
than rutile TiO2 and possesses a lower refractive index. The presence of the

35 anatase phase will in particular adversely affect durability. Even low levels of
anatase affects durability of a finished TiO2 pigment. It is well known in the prior
art that addition of a silicon compound during the oxidation stage promotes anatase
formation.

Particle size has been controlled previously by premixing volatile
40 silicon compound and TiClg prior to reacting it with the oxygen-containing gas. For
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need. . SUMMARY OF THE INVENTION
) In accordance with this invention, there is provided a vapor phase
process for producing substantially anatase-free TiO2 comprising reacting vaporous
TiCl4, an oxygen containing gas and an aluminum halide in a plug flow reactor and
25 introducing a silicon halide at a process temperature in the range from about
1200°C to about 1600°C and the silicon halide is added at one or more points
downstream of where the oxygen containing gas and TiCl are initially contacted.
' It has been found that the process of this invention improves the
quality of a TiO7 pigment with decreased particle size and decreased agglomeration
30 thus reducing the need for grinding operations while virtually eliminating the
formation of anatase. Further, TiO7 pigment product properties such as gloss and
carbon black undertone are improved without loss of durability, and economic
benefits in the TiO manufacturing process are obtained. Surprisingly, the present
process produces substantially anatase-free TiO5 at a higher concentration of silicon
35 halide addition during oxidation. The prior art results in more anatase formation at
~ lower concentrations of a silicon compound, which is known to be an anatase
promoter. Another advantage of the present process is the flexibility of modifying
the amount of silica added at a subsequent surface treatment step. Reduced silica
_ added during surface treatment results in easier grinding. It has been further
40 discovered that introducing the silicon halide at one or more points downstream of
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continuously introduced into the reaction zone through a separate inlet from an
inlet for the TiCly feed stream. Water tends to have a rutile promoting effect. It is

25  desirable that the reactants be hydrous. For example, the oxygen containing gas
comprises hydrogen in the form of HyO and can range from about 0.01 to 0.3 wt %
hydrogen based on TiO9 produced, preferably 0.02-0.2 wt %. Optionally, the
oxygen containing gas can also contain a vaporized aikali metal salt such as
inorganic potassium salts, organic potassium salts and the like, particularly preferred

30 are CsCl or KC], etc. to act as a nucleant.

In carrying out the invention, the silicon halide is added downstream
from the TiCly stream addition. The exact point of silicon halide addition will
depend on the reactor design, flow rate, temperatures, pressures and production

rates, but can be determined readily by testing to obtain substantially anatase-free
35 TiOg and the desired affects on agglomeration and particle size. For example, the
silicon halide may be added at one or more points downstream from where the
TiCl4 and oxygen containing gas are initially contacted. Specifically, the
‘temperature of the reaction mass at the point or points of silicon halide addition will
range from about 1200° C to about 1600°C, preferably about 1400°C to about 1600°
40 C, at a pressure of about 5-100 psig, preferably 15-70 psig and more preferably 40-60




DETAI LED DESCRI PTI ON 10 The production of Ti q,err'] by t he

vapor Wl?ﬁ idation of TiC[err] is well known and di scl osed in
Pat e an&{é 488,439 and 2,559,638, the teachings of RSTEH9SNO7596 ar e -

|ncorporated herein by reference. The,present invention relates
specifically to an i nprovenent |n t he af orementioned processes.
Ti O [ &r r psigs Ivisdelicved:thag higher ammremrebamcbhqghcapmswesalso @assistadpout 300 15

t o about I 0 d r vessel
Al um numaéﬁig{]ﬁgrh egfe&ﬁgafciﬁﬁ QY‘ gtﬂ ﬁo{ ﬁ er r! % Iﬁbt dﬁlleaf erably
¢ tsoarrs

Al d [ er r fownstream dhistance, pravel erddneis@y0pat 000 1006
Al [ err] Ckeabdut m&bﬂdﬁﬁ £dby tb6ut®.005 totubout 03seeotispniter the initiapr ef er abl y

ot dat 1 ofopBsEo e rfes %ﬂ m@ﬁﬁﬁ%ﬁ%bﬁ%ﬁ 6 B4 By FSIT

i nt r dducadditionis @ minpounyle 3-6dnside diametersi ofithe Sue after the

al t er nat rﬂe Whﬁemﬁ ﬁdﬁq&%ﬂn hal i de may be added partially
or conpl ete t The
oxygen contai ni ng é&&t bl§ SHF Wl'&%@éib%@mﬂ @refezably

conti nuogicly. iTHerSi mwimrddmeedaﬁeithmmdr hiqaid) inca preféxrede i nl et

f | d h

Ui o pPEReimgat e Sk KaddedoRnsirendtia oié pRll ?Vr‘éﬁveeg&%ﬁ%gﬁﬁgz hydr ous.
For &% arrplaa;clem soxyhsaare added tonminimjze the buildupaofFiOoda the intetjonof thet he f or m
of H20 a'ﬂ% g@g ge HH: gféhtérfhéi’mﬁm"ﬁ S%Patentz,‘im 9&1& based on

Tig err] er.a oxygen

n
cont ai ni P et ars iBeRborted baisin by seferarics: (0 Bt & binkodtmeny b o
i nor gani §iQRY tcaa&;etuddaalanme or gtathe Same tpohitiwith tie! s‘cmb%ndnm‘qaxd $iC1y

Fﬁrigf‘r"y?ﬁé% o i Bendhée ﬁ@sﬁﬂm’éﬁ”ﬂ%«%ﬁaﬂﬁf < added downst r sam

fron20he Tid [err] 'Etersdmmdwndeuaddedbnmmmommdas silicaiandpothal i de

L O G ol e A
ltoestl ng ﬁ'asamagvﬁeéeﬂé?wﬂﬂm# P?éé 5?& n, the, S’klﬁ‘gﬂ desired

af fect s thalidggiilbbeadtiedin amdmpoant sufficieat weprovide fmmrabbatmlhe about 10%i | i con

Tial Lorr QAP By el s IR R0 hd by BB o eﬁ“f%eseﬁl’r cally,

t he rhasqd en gotal snlids ¢d>m nhasmdmonmamna pr a‘uOgdb
silicon i&ﬁy,qﬂ raifion itd b Si eﬂrbb&tfe@ about
1600[ errﬁgf lﬁf:aiﬁ. ee 81ugt81 (%% was eg.nigftear %zj‘r@mmally

contacted assists in rutile formation, controls partlcle size and limits agglomeration.
As a result of mixing of the reactant streams, substantially complete

30 oxidation of TiClg, AICl3 and SiCly takes place but for conversion limitations
imposed by temperature and thermochemical equilibrium. Solid particles of TiO-
form. The reaction product containing a suspension of TiO2 particles in a mixture
of chlorine and residual gases is carried from the reaction zone at temperatures
considerably in excess of 1200°C and is subjected to fast cooling in the flue. The

35 cooling can be accomplished by any conventional means as known in the art and
described above. '

The TiO pigment is recovered from the cooled reaction products by
conventional separation treatments, including cyclonic or electrostatic separating
media, filtration through porous media or the like. The recovered TiO2 may be

40  subjected to surface treatment, milling, grinding or disintegration treatment to
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25 Particle size distribution of the pigment products is measured by
sedimentation analysis, with a Sedigraph® (Micromeritics Instrument Corp.,
Norcross, GA) after dispersion in aqueous suspension by fixed level sonication. The
particle size measurement of the oxidation base and the % > 0.6 microns fraction
will indicate the potential for peak gloss in the finished product, a value that cannot

30 be exceeded while applying any reasonable energy level. In addition, less grinding
energy is required for improving the quality of the oxidation base.
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To a clearer understanding of the invention, the following Examples
are construed as illustrative and not limitative of the underlying principles of the
35 invention.
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gaseous suspension of titanium dioxide pigment formed in the reactor was

discharged and quickly cooled. The TiO, pigment was separated from the cooled

gaseous products by conventional means. The recovered TiO, pigment was then

25 treated by conventional pigment treatment procedures and ground to desired
texture. Upon addition of the SiCly, the CBU of the product was 8 with 3.0%
anatase formation as detected by powder X-ray diffraction. .

e

30 The process of Comparative Example 1 was repeated except SiCly
| was premixed with TiCl feed in an amount sufficient to provide 0.5% by weight

SiO2 and 1% by weight AlO3 based on total solids formed in the oxidation
reaction. The TiCly feed was evaporated and preheated to 400 to 430°C and
introduced to a reaction zone at a rate corresponding to the production rate of 4

35 tons/hr of TiO7 pigment product. Further, at a location 5 feet (1.5 meters)
downstream (or about 0.02-0.04 seconds from the point at which the TiCly and
oxygen are initially contacted) a reaction temperature of about 1400 to 1500°C was
estimated for the reaction zone and the pressure was 45 psig. Upon addition of the
SiCly, the CBU of the product improved from 12.7 to 15.2 but with 0.7% anatase

40 formation as detected by powder X-ray diffraction.
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DURABILITY .
The product of Example 3 was subjected to a subsequent surface
treatment step and a resulting finished product was subjected to long term Florida
25 exposure chalk fade tests. The chalk fade results were comparable to chalk fade
results of a finished product, i.e., a )99.8% rutile TiO prepared under comparable
conditions described in Example 3 but without SiCl4 addition. This demonstrates
there is no loss of durability of the product prepared by the process of the present
invention. In a further comparison, an anatase pigment, Kronos 1070 (available
30 from Kronos, Leverkuesen, Germany) was tested for chalk fade and it chalked so
readily that a chalk fade value could not be calculated. This demonstrates that
rutile TiOy has higher durability than anatase TiO».

Having thus described and exemplified the invention with a certain
35 degree of particularity, it should be appreciated that the following Claims are not to
be limited but are to be afforded a scope commensurate with the wording of each
element of the Claims and equivalents thereof.
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Pat ent 922,671 and U. S. Paten . , 866, the teachings of which are
I ncor porated herein by reference. The tenperature of the reaction nmass
at the point where th ' . , d’tﬁféﬁ'& ) err]C
The reactant strearyllté &‘?gg{%g?g(ﬂgmce?efggﬁkt a sm?ﬁ%@%%%ﬂgs%@‘g% (1.5

net ers) doI2COMBRSIRSFeagHBE VapoIons 51_1@4, 3R OXYESH CORtAMINgBapandan20 at which
the 0O [#himiman falde ites phigflaw rédcbdr andintiodatiaga silidondfilideat agreessst ur e of

22 psi . ipperanare BB SIS ERareios 128 CT ol GGG At ng AioBRaRF e

t he reactinaddedsat one omimorspoigtsidewnstrgancef whereshe dxygencontabhingigas pndnent

10 provide 1.2% by wei ght A1203 pasgd.on. total solids formed in the .
oxi dati_on reaction. The Tid| . s =1-=,5f‘aporat ed and preheated to~
a ANTHl at a r aPET/A8Y0Iswondi ng to

] ¥

H ” ot
p| LITTTC Sax Cd”pf

was- separ-ﬁtg‘ga{?rﬂmgl SonRéd gaseous products by conventional neans.
The recovere I Jerr] pirgnment was then 25 treated by conventional pignent
treatment procedures and ground to desired - texture. Upon addition of

]Ehe 3't5_C1 [e”]&| thetﬂgwhefpréd%ss pf Cthiny 1 whél%e&lmédiﬁ&rﬂﬁéh'de is SENI3tandds

ormat i on etecte [ X-r Lffr | . .

OVPARNT ARSI R st Y AT bo Prdvide Sbddy/eRf t?r gg%‘?s"’o‘?""é!}hﬁ%t i ve Exanpl e
1 was repeated except SiC[err] was prem xed with-TiC[err] feed in an
anount sufficient t g@es? het¥in + ~pl 19 I ght
A1203 based_on total EE‘P?"ES OPP@#II’??R@ ox?fa%ﬁ%mgrlég%%dr@me ‘
Ti O [ er r |sufficientig Pravide sbauts 533-089 Oy aeight SiQ2 40d the praxssstemperaige

i nt r @guc 4§l abeutal400%CT to MorAGO0XT . a rate corresponding to the production
rate of 4 35 tons/hr of TiJQerr] pigment product. Further, at a location 5

feet (1.5 neters) downstream (or about 0.02-0.04 seconds fromthe
poi nt at whi ch t he 47i'Th¢ pracgsssefdClaim 3 wherginathe £i€l4 isadded inarampunt tad) a

reaction ﬁmrﬁbufgaqéggpgygei#(gi%. 1500[ err] C was estimted for

_the reaction zone an S 45 psig. Upon addition of the
SiC[err], the CBU of the product inproved from12.7 to 15.2 but with 0.7%

anat gse 40 for mat i$)nThe pieéess bLanpyf Claiwier wierehy théi diiinasnin Galide is

premixed with the TiCl4 and the oxygen containing gas further comprises a
vaporized alkali metal salt.

6. The process of Claim 5 wherein the aluminum halide is AlCl3 and
30 is added in an amount sufficient to provide about 0.5 to 10% by weight Al,O3.

7. The process of Claim 6 wherein the SiCly is added at a point
where scrubs are introduced in a cooling conduit.’

35 ' 8. The process of Claim 1 wherein the amount of silica added at a
subsequent surface treatment step is reduced. '

9. A TiO2 pigment comprising a substantially anatase free TiO2
~ particle having silica and/or silica mixtures dispersed in the TiO particle and/or on
40 the surface of the TiO; particle made by the process of Claim 1.
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EXAMPLE 3 The process described in Conparative Exanpl e
2 was repeated with t he exception that8Si C[err] was o the
TiC[err] feed. Instead, the Sid[err] was fed tQ??he?&W%

finely dispersed Ilgwd at a location 5 feet (1.5 neters) 10 downstream
(or about 0.62- C¥246&donds fromthe point at which the Tid[err] and

oxygen are |n|t|aIIy contacted) at the sa%@qﬂ as the scrubs at a rate
and at an anount sufficient to provide a |oading of 1.0% by. weight
SiJerr] based on the total solids fornmed in the oxidation reaction.
The TiCl[err] tenperature wds AX8perplass armfcssier producmg»y?gp@mttaéhmaaamme

\tNas 159?[ err]fC IIQO lashfpngza@tréﬁungn@lpéraﬁi 'I‘KQEOHrIé agr%fén 15
enperature e reactl n | I ONn was
ab(r)rEt 1400 t4 amn&%@ifﬂ@?ﬁnﬁ?‘%ﬁaﬁ‘%"%’eaﬁg @f’hé’g‘f‘}g&‘% Lﬁl"&*é%@&rﬂéaam%eaaut
50 psig. The pr derperabe idthe range Fomeabont £20056 ¢ rbout 1600°CG thp siiconl biliden
9.7 to 12.6 with siieatsanhk at iﬂbragomcs dowmmraWﬁr@mtmi&a@ﬁmigj

eéo

Found to decr cadiChs B E BRI e SRarrly matgp%qeﬁfz bor

process to 22%with the added Sid[err]. ' The pr oduct
of Exanple 3{f5vvas subj ect egl tﬁv\gréé@§8ﬁéﬁﬂh ’%Jraﬁethe silicon h4 %.tnﬂgs and
a resulting fini a produ ubjtect ed t 069 ﬁégy: or|

exposure chal k £ O‘ﬁ*ﬁéugﬁkﬁ“ﬁ 4 Brfage feifR % chal k
f ade results of a finished product, i.e., a) 99. 8%rut|Ie Tierr]

prepared under conparabl €3 The r@&wac&mmémhsds @ﬁmh%nin%ou:

thout Sid|[err ddto Thi S no | oss
\émurablul i tly 01[ tﬁ%f {jtﬁ:?mﬁ’tdéﬁﬁf"é&?gg ?hﬁ 88@55’82 E):pé%"éﬁ’t temP"""h‘-“""
is about 1400°Ct0 about 1600"C

4 'Ihe process of Claim 3 wherein the SiCly is added in an gmount to
prowdc about 05 to 3% bywcxght $iOg.
25 S. The process of any of Claum 4 wherein the aluminum halide is
premzxed thh the T1C14 and the oxygen eontammg gas further comprises a
-vaporized alkel metal salt.

6. The ?roccss of Claim 5 wherein the aluminum halide is AICl3 and
30  isadded ,in an amou:;t sufficient to provide abbut 0.5 tb 10% by weight Al;03.

7, _, ’I‘he process of Claim 6 wherein the SiCly'is added at a point
- where scrubs are mtroduced m a coohng corxdmt

3s ool 8. The process of Claim 1 wherem the amount of srhta added ata -
_ subsequent surfa.c treatment step is reduccd L :

. ;:9 A T102 plgment compnsmg a substanhally anatase Eree Tsz
particle having silica and/or silica mixtures dispersed in the TiO5 particle and/or on
40  the surface of the TiO; particle made by the process of Claim 1.

- ) &,

R

RRHD Wy Illll Iy - BiSincs oy

" AMENDED SHEET

(24 o 1o Y . SRS mr ) TV W I TP T ALY T AP AT O wnZron COFOCON TT A
S FCOEHBGRT 68 01+ C ~26el FLr Tns: "1 B1:01  : 96-F -+a: £0 GHD\H]!\ Yed: \0\



4

ven
(avar
ant i
calcy
t han

tion. In a further conparison,
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)

exe

mil (510 lmhanm FaleM@Nkdnoition § N a cef

t ai

18 DntermiBiSaPRubRbtioR Rihber:Ul AT i two 96/0 9]
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but are to forded a scope comn-nsurfamentmdrxhnatMMnamg oﬁ}l@anerhw%(uows)
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- 8- (2151n@l~ﬁa%ﬁ&pﬂxcanon Number: PCT/US95/Q7 81) Des&nateAsuaqao«U ge =5 ﬁg&a&pﬁg
pr ody subst ally anatgse-fr C&@@ t
vaporg#gg‘ﬁ' %I]T’g 4 oxyge ’%‘ngg'ﬁ?ﬂé gas anda &R0 aI um num hal i de in
a plug flow reactor and introducing a siljicon halide at a process

t enper Bu tgrlhgtt e ran e from about 1200 Paplisied t o a"t‘)zout 1600[err]C and the
siligon h g? 2 Jun q@@%ﬁ org3or e pg%w A);:ﬁgﬂp%n}zﬂ%e
oxygen cont Cle S] e didths & refulii} k1@ rddeipt of
substjant i al I y anat ase free Ti qerr] IS produce@hendm&c& .

pr ocg$®) MP&}%%EWWE%P%%%%D¢ (Iésgal ide is Sid[err] and is lﬁ

added in & Magit [ about 0.1t 0
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Newark, DE 19711-5169 (US).

(74) Agents: YUN, Caroline, J. et al.; E.I. du Pont de Nemours and
Company, Legal Patent Records Center, 1007 Market Street,
Wilmington, DE 19898 (US).
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(54) Title: PROCESS FOR PREPARING IMPROVED TiOz BY SILICON HALIDE ADDn\-y

(57) Abstract

A process for producing substantially anatase-free TiOz by addition of a silicon halide in a reaction of TiCls and an oxygen-containing
gas in a plug flow reactor is disclosed. Pigmentary properties such as gloss and CBU are enhanced without loss of durability.




- 3. The process of Caim2 wherein the SiC[err] is added in, an.anount \\\\\
sufficient to provide about 0.5 to 5.0%by weight SiJerr] and the process
tenperature 20 is about ‘1400[err]C to about 1600[err]C.

4. The process of Claim3 wherein the Sid[err] is added in an anount to
provi de about 0.5 to 3% by weight SiJerr]. 25 5. The process
of any of Claim4 wherein the alum numhalide is prem xed with the
Tid[err] and the oxygen containing gas further conprises a- vapori zed
al kali metal salt 6. The process of Caim5 wherein
the al um num halide is AICI[err] and 30 is added in an anount sufficient
to provide about 0.5 to 10% by weight Al[err](err].

7. The process of Claim6 wherein the SiC[err] is added at a point

r
L]

where scrubs are introduced in a cooling conduit. 35 : 8 The
process of Claim1 wherein the anount of silica added at a subsequent
surface treatnent step is reduced. 9. ATiderr]

pi gnent conprising a substantially anatase free TiJerr] particle

having silica and/or silica mixtures dispersed in.the TigJerr] particle
and/or on 40 the surface of the T|CIerr] particle nmade by the process of
Claiml.
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