WO 2008/036158PCT/US2007/018369 PROCESS FOR MAKING
PIGMENTARY TITANIUM DIOXIDE This invention generally relates to
the making of pigmentary titanium dioxide by a chloride process, and
YRorasaard %%Iarly, to the making of chloride process titanium didXigart 7/018362
pigments via the oxidation of titanium tetrachloride, in which aluminum
chloride (AIC13) is employed in the oxidation step as a rutilization aid and
to impart durability to the titanium dioxide pigmenti. In the well-known
manufacture of pigmentary titanium dioxide by oxidation of a gaseous
stream oftltanlum tetrachlorlde certain properties of the titanium dioxide
are mUGRG G BRI AR Q R s
augmented W|th a small amount (depending on the pigment manufacturer,
typically ranging from 0.5 up to 10 percent by weight, though more
preferably being from 1 to 5 and especially from 1 to 2 weight percent) of
aidh trirmabsafizresgeci allyislumimimelionder Pihacmmetatichinmdesofode by a
example, zirconium, silicon and phosphorus, produce some similar and
chicriderpeexidtioniabeffe gisrand-riyprovementd and«dochhved eercaddedoum dioxide
suggested for addition to the titanium tetrachloride reactant stream as
pigmanis|| vialWmingratito ideg thowsy trrashinogicommionly aisedifon itshielsiivehiCls) is
lower cost. In practical terms, the use of at least one or more additional
employrstanchio e édatisgc Fes the jpgilinatiioasd and ivinamach brieks lils dwigstitanium
commercially necessary for achieving the desired degree of rutilization in
dioxidp gigRAStitanium dioxide product issuing from the oxidizer, as well as for
mfluencm the pigment's particle size and durability, Various methods
w&ga{ﬁwmaa@@ﬁfa@e of Bt EtPRDSEosiE thedarenay a saseous

loride to a chloride prqcess for oxjdizing tltanlum
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when %Ilg)%tgamum tetrachloride reactant stream is augmented with a small amount (depending on

the pigment manufacturer, typically ranging from 0.5 up to 10 percent by weight, though more
preferably being from 1 to 5 and especiaily from 1 to 2 weight percent) of an aluminum salt,
especially aluminum chloride.  Other metal chlorides, for example, zirconium, silicon and
phosphorus, produce some similar and some additional effects and improvements and so have
been added or suggested for addition to the titanium tetrachloride reactant stream as well.
Aluminem chioride, howsver, is most commonly used for its retatively lower cost. In practical
terms, the use of at jeast one or more additional metal chlorides, such as the just-mentioned
aluminum chloride, is always commercially necessary for achieving the desired degree of
rutilization in the crude titanium dioxide product issuing from the oxidizer, as well as for
influencing the pigment’s particle size and durability.

Various methods and appa.ra.tus' have been used or suggested for use over the vears for
adding in aluminum chloride to a chloride process for oxidizing titanium tetrachloride to produce

a crude, chloride process pigmentary titanium dioxide.



WO 2008/036158PCPUS2007/018369 One known method has
involved the dissolution of (conventionally purchased) aluminum chloride
solids in hot liquid titanium tetrachloride, followed by vaporization of the
WHiXE4Hd addition of the same to the oxidizer. As describ&§ THERYE7BHB60
No. 2,824,050, this method has been used as an alternative to forming
separate aluminum chloride and titanium tetrachloride gaseous streams
and then combining the separate gaseous streams. Precise control of the
composition of the gaseous mixture proved to be a problem, however,
whereas the dissolution of aluminum chloride solids in hot liquid titanium

tefsachiprRde e8Itk p-enabiacantliat amousks aidhe.ad %&%ﬁéﬁ&%mim’n

used. Unfortunately, this method of adding in aluminum chloride to

chloritResPRAces S 4tahia) Mkdissoludiomnehall Mins-SHerde sRUMSI MO hotnixture and

liquid titanium tetrachloride) has its own drawbacks, a principal drawback
additibginpbabeermmBscialaksminum ehleride solids. cantals, ipgraities whichethod has
react with the titanium tetrachloride and produce deposits in the apparatus
been usetlevent@iytbrevaptrzng thaditanivmmieitachidodaefaluhitnium tetrachioride
trichloride mixture. Further, dissolution of the solid aluminum chloride does
gaseoasldismme tinde tieeth ecovigratigptbel uetienteyghedinme saaaithe Mrixtise afotrol of the
aluminum chloride and titanium tetrachloride is corrosive to the extent that
compegjuipmé teesgsosetndxibies wisvarce Poreaxabiple, ihwarssselsiens Whidlsselution of
the aluminum chloride and titanium tetrachloride are mixed and the

alumigsn AR B 48118 diSSllvEHIHIE tHEREEAEF Wesntais to enable confrolled

tetrachloride, the piping to apparatus for vaporizing the mixture and the
amougtsof the,pdditiis 9 b 18stkelf - are generally specially lined with a

cqrrasion-resistant material such as with a glass liner, or else must be
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drawb"f%°r%%@fggé%‘é%%g%aﬁg%‘%gg%ﬁ%'E}em;\{l\é?cial aluminum chloride solids contain
mmpurities which react with the titanium tetrachloride and produce deposits in the apparatus used
eventually for vaporizing the titanium tetrachloride/aluminum trichloride mixture. Further,
dissolution of the solid aluminum chloride does add some time to the overall production cycle
time, and the mixture of aluminum chloride and titanium tetrachlaride 15 corrosive to the extent
that equipment exposed to the mixture — for example, the vessel(s) in which the aluminum
chloride and titanium tetrachioride are mixed and the aluminum chjoride solids dissolved into the
. hot hquid titanium tetrachlonide, the piping to apparatus for vaporizing the mixture and the
vaporization apparatus itself — are generally specially lined with a corrosion-resistant material
such as with a glass liner, or else must be constructed of a costly, corrosion resistant high mickel

alloy, for example.
It has also been known, as mentioned above in passing, to generate an aluminum chloride

gaseous stream onsite in a so-called “zluminum chloride generator”, as a generally more



economic alternative to the purchase of aluminum chloride solids as
produced for the manufacture of aluminum metal and related products.
United States Patent No. 5,683,669 to Hartmann et al. thus describes a
RSB Euch aluminum chloride generators and their use T THE2067/018369
manufacture of chloride process pigmentary titanium dioxide, particularly
see columns 3 and 4. As related by Hartmann et al., however, the
"extreme exothermic quality" of the reaction between aluminum solids and
chlorine that generates the aluminum chloride brings difficulties in
controlling the reaction, in sintering of the aluminum solids, in formation of

econdnfliaRieqing alloy betwean the malten.aliwminumigrskthe teacior9eRsLato: the

wall, in damage of the reactor wall by corrosion of the gaseous mixture

manu@iR€:iRehighdtamperatires angkinglogaing of the reactor by condensation
of aluminum chloride solids on the reactor wall in certain "cold spots".

HakimantetaP peap 08e, 9683, At sHereenn el iflg BoME:QHRRSe number of such
damaging heat-related consequences as well as to preheat the titanium
alumitetrachloridie gaseons sired@mifanding intentheitiidizes! thRnee pradigniihentary
tetrachloride stream over the lined inner wall of an aluminum chloride
titanige neratdy, foractiagasa @rotectivesfithdt. Sevechliother Feferences arehoitedrer, the
by Hartmann et al. for still other generator arrangements wherein titanium
“extremg actitideis peased wirdbghrtheigenbrtwerto Fomovenandidtilizedsehlerine that
of the heat of formation of the aluminum chloride, and in fact it has
generpige Shnalargenersipade dpteas prictidecpipasstetiirastissraatiatlyinlbistatios of the
titanium tetrachloride reactant stream through an aluminum chloride
alumigugeglisiesor thesatienpesasiasanme ARy Bobramy hreteelisplalifuasn and the
accurately metering in a separate titanium tetrachloride gaseous stream to
reactonBSRRRRTHiGH e ShERA8 H1°é DR matranathbYi 6RIERS 01y AR BoisPsant<ture and the
. . amounts of added alumjna other like meta| oxide additjves. A , .
high AR A SRR LR AT RSHERS G ACTAHE A ERge s
on th etgea%(?grve&tli%ael r%c‘q:%? di?, thtzgj,, because so much titanium tetrachloride is
passed %roug‘h e genera?grs,' the capital cost for making sufficient
a'HQ}{H}é%%?'BT' %é%ges,ea\éer%%g%?rcgﬂg%ﬁg 2 %%Qr%nslg Qama ing heat-related
Consequently thos skllledaln the art have been faced with & choice
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cost-intensive (in the purchase of aluminum chloride solids and in

oxidi2H0reSsiagsMalienancelssues Rosed Ry Aealing with mixed AuniPUM sluminum

chloride/titanium tetrachloride streams) and a second mode of operation

chlori@e gbecpilbe Flrantnial hasoke overimairgenascs ichalenaes Aesesiadas Hartmann
with the exothermicity of aluminum chloride generation and the corrosivity

et al. Gfralufinomum geintoride Attanemdel adirorie € iaiidnr esratigenésaiosassed through the
conditions, but which is much more capital-intensive.

generator 1o remove and utilize some of the heat of formation of the aluminum chloride, and in

fact it has become a generally accepted practice to pass all or substantially all of the titanium

tetrachloride reactant stream through an aluminum chloride generator for these purposes, as welil

as for avoiding the complexities of accurately metering in a separaie titanium tetrachloride

gaseous stream to maintain tight control in the crude titanium dioxide pigment over the amounts

of added alumina and other like metal oxide additives.

A significant disadvantage of using aluminum chloride generators according to



The present invention provides a better alternative to those skilled in the
art from both a maintenance cost and reliability perspective and also from
a capital cost perspective, in providing according to one embodiment a
process for making pigmentary titanium dioxide by the gas phase
oxidation of titanium tetrachloride in the presence of aluminum chloride,
wherein the aluminum chloride is produced by subliming aluminum
chloride solids. In another embodiment, the invention concerns a novel
and improved process for subliming aluminum chloride solids which is

convERIBGHI G Fuled f&&q%&%&&@@r}gﬁcﬁrﬁ%&%ﬁo{e@%&@EE‘%%%@& through the

titanium dIOXIde n one aspect, there Is provided a process for

penetBAKING PG dﬁéﬁ&@( filapinnm.digwde by Ine-0xdatioR HIEBNMM Al oxidizer tines can

tetrachlori the presence of aluminum chloride, comprising the steps

be prBhiBRGINOIBRELSQAS ansalumisym, chiosdeselils Nt asukliMeEhoice between a

supplying one or more inert gases to the sublimer; subliming aluminum

first ekUQEICE spligsionform auminemehigsidagasas; WaereHResPne @ MR Qurchase of

inert gases are supplied to the sublimer at flow rates such that the ’
alumBoimbiheshlewobiiinestigasesdvaiti s plishechalidmnindim: cilestiegdeeieng with mixed

maintains the inert solids and aluminum chloride solids in a fluidized state;
aluminum chionde/titanium tetrachloride streams) and 2 second mode of operation on the other
hand that has its own maintenznce challenges associgted with the exothermicity of alwrninum
chlonide generation and the corrosivity of aluminum chloride/ttaniurn tetrachloride mixtures at
generator conditions, but which s much more capital-intensive.

The present invention provides a better alternative to those skilled in the art from both a
maintenance cost and reliability perspective and also from a capital cest perspective, in providing
according to one embodiment a process for making pigmentary titanium dioxide by the gas phase
oxidation of titanium tetrachloride in the presence of aluminum chloride, wherein the aluminum
chloride is produced by subliming aluminum chioride solids. In another embodiment, the invention

concerns a novel and improved process for subliming aluminum chloride solids which is

particularly suited for use in a chioride process for making pigmentary titanium dioxide.



combining aluminum chloride gases from the sublimation step with
titanium tetrachloride gases just prior to introducing the combined gases
into an oxidation reactor; and oxidizing the combined aluminum chloride
and titanium tetrachloride gases. The present invention thus utilizes
aluminum chloride solids, but rather than dissolving the same in hot liquid
titanium ten-achloride, sublimes the aluminum chloride solids to produce
aluminum chloride gases. Aluminum chloride gases from the sublimation
step are then combined with titanium tetrachloride gases which have been
separately generated for being fed to an oxidizer, the combination
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gases into the oxidizer and more preferably occurring as cldse to the en

oxidagpointfofihiitemisehiseliaonineide aases a PoRaIRIe MR, ROPMER he steps of:
constraints, obstructions and the like. WO

placing0R&0B1LERC IS0 6l 5836 9,Tiae mambipsshiitanium tetrachloride
and aluminum chloride gases are thereafter oxidized in the oxidizer to

suppl PIAFHEE R SHYS, RIAREN ATy, ftaniym dioxide product

subliming aluminum chloride solids to form aluminum chloride gases;
where the one or more inert gases are supplied to the sublimer at flow rates such that
the combined flow of inert gases with sublimed aluminum chloride gases maintains the

inert solids and aluminurm chloride solids in a fluidized state;

combining aluminum chloride gases from the sublimation step with titanium
tetrachloride gases just prior to introducing the combined gases into an oxidation

reactor; and
oxidizing the combined aluminum chioride and titanium tetrachloride gases.

The present invention thus utilizes aluminum chloride solids, but rather than dissolving
the same in hot liquid titanium tetrachloride, sublimes tbé aluminum chioride solids to produce
aluminum chloride gases. Aluminum chioride gases from the sublimation step are then
combined with titanium tetrachloride gases which have been separately generated for being fed
to an oxidizer, the combination preferably occurring just prior to the entry of the titanium
tetrachlonide gases into the oxidizer and more preferably occurring as close to the entry point of

the titaniumn tetrachloride gases as possible given equipment constraints, obstructions and the like.

ba



By avoiding having to dissolve the aluminum chloride solids in the hot

liquid titanium tetrachloride and then vaporizing the mixture as has been

the practice previously, the titanium tetrachloride vaporizer can be kept

A ezjf)]%?%*‘solids that have otherwise been formed due to thé HEHI A IE36

impurities in the aluminum chloride solids. Further, by combining sublimed

aluminum chloride and the vaporized titanium tetrachloride in a preferred

manner, just prior to the titanium tetrachloride's introduction into the

oxidizer, the corrosion-related difficulties and costs associated with the

handling of a hot, mixed stream of aluminum chloride and titanium
The detiasbionide; gasesaabBedargely.ayaidrdniorid daniheticalbtdiestidized in the

sublimation has been known and used previously for refining and purifying
oxidigiude At IBhueh rigaselidsndhencabiesd balwninum manufacture,

see, for example, Belgian Patent No. 633119 and United States Patent

NBy4s2didiay Jdoiki wadtissmlvbuhioabimiknenwlrdgah aslidotib een kisdihol titanium

suggested for use in generating aluminum chloride gases in the different
tetrachiomidxtiod nhakingpohlarideipradessditarianbdinxite pigmentsetioteyantldaitanium

the particular devices used, the Wyndham reference describes as
tetrachlomdisntipnektheandec dieat sbreve Thoveyids Haavivgya ibatetijdeketformsaielve to the

(or both) for purifying crude aluminum chloride, in which under constant
nonvelgitigtisADEE Eete i pbrarirensme 1 dblssideasr i dediedrCdlsivombibiag sublimed

_pressure not less than atmospheric pressure, aluminum chloride solids
alumigymSiiriderah dhhEaresined ritises phredigrids g pinrsHerpdamanner, just prier to

.disadvantage of this_sort of device for making chloride process titanium
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a superheate stréarm of T
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ecycled aluminum chloride gases to produce a
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the proposed process and apparatus for our purposes is

purifyIpracticallyhigh-propgrian.ahoutone half).of %@M%ﬂ!ﬁ%%%ﬁ ee, for

gases generated by sublimation must be recompressed, superheate
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for subsequent use. The process provided by the present invention for
our ks loliAinaAlumiBen chlgrdeusolids dundamentalheinvolvasERmRIBNg M oases in
aluminum chloride solids with inert, preferably highly thermally conductive
the distliels farmimprofeckhiat dansderdatbe alumiinyraichiosi dexsrlids tahegard 1o the
sublimed. Inert gases are supplied to the vessel at a flowrate at least
particglaffidterrewithethafloW pidjene refed ak dhsuibes oridevgasesafrdm vse of 2 screw
sublimation to fluidize the aluminum chloride solids and inert solids, and
convelqs Bavinmharheerdderkgolitecsre iembothafor suiifineg bydneanmsiothedtoride, in
provided through the inert gases and/or through the vessel walls and
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presswre not less than atmospheric pressure, aluminum chioride solids are sublimed and the
resultant gases purged using nifrogen. A disadvantage of this sort of device for making chioride
i}rocass titaniom dioxide pigments is that an inventory of aluminum chioride solids is always
present, making the sublimers difficult to start and stop as guickly as might be desired.

Belgian Patent No. 633119 suggests a flash vaporizing of aluminum chloride powder,



Beyond their thermal conductivity, the inert solids are preferably also
characterized as of a type of material that could be carried into the
oxidizer and into the desired pigmentary titanium dioxide product without
WihthiRésiblicating conventional downstream processes orf&oiiroRTIEHE?
pigment quality - by way of nonlimiting example, a scour medium such as
alumina or sand which is conventionally removed from the process or
perhaps a pelletized or sintered titanium dioxide material that can remain
with the product through finishing of the pigment. With the use of the
inert solids to improve heat transfer and thus the efficiency with which the

| using A UHBwachionde selids ar sublimednansbwith the supplied.gas {8Wemperature

being preferably just that required with the sublimation gases to properly
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chloride and inert solids, the sublimer can be much smaller and much less
for oGapilgldpiensivefonthesamediovhofalbaiornciiesse gasrgthan eitheluminum
a conventional aluminum chloride generator or a sublimer according to
chloriBelgiaes Ratentbd b6 33bESstandithe: darmioumpehieddeseliskaiadthad recycled to
sublimer can be rapidly vaporized and the sublimation gases removed
enabléro prtherbulbinmerdectivatofetydiftien cdyraleginunfochioraménvestory is
left in the sublimer to cause difficulties, should a fast shutdown of the
sUBlinispdsssnEessanpy the Apsefeiraginbddinseblinofg plovessotitieride solids
present invention for making pigmentary titanium dioxide involves
fundagiefpiigifrahith reerink ik ahpe RS pivase isplids prdsdrrrs greferably highly
aluminum chloride gases, to produce a crude titanium dioxide product
thermpllyi ARPARFTAS M5 Ao et abafindadftice!isynumed vidheatids to be

. alymjna"), as part of a chloride process for making a rutile titanium dioxide
subhnﬁﬁ: m

%%%?%%f%ammﬁmmwwi}a%ﬂﬁ“ﬁ@gﬁ&e&ﬁoﬁﬂﬁ%ﬁrnﬁ@o@e flow of
varjous types. The.chloride process for making_rutile titaniym dioxid , )
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Incorporation of alumina in the oxi ng step 1s also well-known as

throudd8erRed aeventhe.cantuLianof the present invention being found in

the manner in which the aluminum chloride gases are supplied for being

oxigjznd with the-tilarinatetachigsde gaseadntheraxidias i Nednee B ed as of
aluminum chloride gases are supplied in the present invention by
a typesefatiminglathunioun ehieritd seidsand dhen comiining akimdnyenehlerdeanium
gases from the sublimation step with titanium tetrachloride gases, the
dicxideonpbddationvptebetablydatcuringpjustiphorcinthexigdizdvangiineie processes  or
preferably occurring as close to the entry point of the titanium tetrachloride
comprgayesintoanend idier as possible verisguignentpbnstrante, medivm such as
obstructions and the like, so that :
alumina or sand which is conventionally removed from the process or perhaps a pelletized or

sintered titanium dioxide material that can remain with the product through finishing of the
pigment.

With the use of the inert solids to improve heat transfer and thus the efficiency with
which the aluminum chioride solids are sublimed, and with the supplied gas flow being

preferably just that required with the sublimation gases to properly fluidize the bed of aluminum



WO 2008/036158PCT/US2007/4118369 in turn the corrosive mixture of
aluminum chloride and titanium tetrachloride eases is encountered as little
as possible in the process equipment. The aluminum chloride solids in
WHiZUE8(E¥ {51 typically be purchased, rather than being geneFATEd tRFOTT369
the carbo-chlorination of aluminum-bearing ores and the eventual
condensation of aluminum chloride solids as practiced in the making of
aluminum metal. Usually purchasing the aluminum chloride solids will
prove to be more economical on the whole, however, it is by no means
excluded that the solids might be generated and conceivably stored onsite

chlori@Re SR When Nneedethimer RARY BVENL g aluminkmchiar i&%i%&uﬁ%@nsive for

are combined with one or more inert, thermally conductive solids’in a

the MERSE.ANGFONRLIIOIEHRBHU386S atpsuRRliedita.the-vasasl alfipwidieshioride
at least sufficient with the flow of aluminum chloride sublimation gases to

genefiainial shgisembinadialumingpishipside salidsiantinegdsdhgenaallinum chioride
conductive solids in a fluidized condition. Heat is supplied through heating
soliddhie vesseblnelaathteughiiBatingothedneid ghsestireausi pasalumiiel from the

chloride solids in the fluid bed to sublime, and the heat transfer to the

sublimareentu ebterididesolity falustichrpelposé:isnvigesh-andletconiplistidit:at o cause
__least in part by means of the inert, preferably highly thermally conductive

difficybings sbryioy Bdtiptiéotaidbbd sithtiee el aerensanychloride solids. To

avoid the capital issues associated with the use of aluminum chloride

geheraforsstshodsnties clisaucsgFiaf fhraprrsenbinvintissiépr alisbing pigmentary

. .substantially all of the titanium tetrachloridt;gases in question have been

titani g Hayida iBre eheylnBmite Brdrsnshiptide tr Baspdieasdn i pgssace of

flowrates will not greatly exceed the minimum required flowrate for
alumipBEHTREPTHE FETEdRRRHATR PR BRBRSFigS HaRnode. ens abipiBaing
. not more than 200 percent of that required with the flow of sublimed )
incoTBRTHTH Y QHIGRGE YRS L5 AETER L Ru RIERA o SRR IR ot R
proceg’g cgrsmaarﬂldnglg @Lﬂlél r{ri]ta%mg{zl %16035(? édp%gmeﬁt such as commonly used in paper, in
plastics and in coatings of various types. The chloride process for making rutile titanjum
dioxide pigments need not be described in any detail herein, as the general process is well-
known and described in many references and as the details of the chlorination, oxidizing and
finishing operations invoived in such a process are not affected by the present invention. The
incorporation of alumina in the oxidizing step is also well-known as described above, the
contribution of the present invention being found in the manner in which the aluminum chloride
gases are supplied for being oxidized with the titanium tetrachloride gases in the oxidizer.
Namely, the aluminum chioride gases are supplied in the present invention by subliming
aluminum chionde solids and then combining aluminum chloride gases from the sublimation
step with titanium tetrachloride gases, the combination preferably cccurring just prior to the

oxidizer and more preferably occurring as cloge to the entry point of the titanium tetrachloride

gases into the oxidizer as possible given equipment constraints, obstructions and the like, so that



WO 2008/036158PCT/US2007/018369 Suitable inert gases may be,

for example, nitrogen or carbon dioxide - both of which, of course, are

found in the gas products stream from the oxidizer in the normal course of
VbG8 contrast to the known aluminum chloride gendiatds2607/018369

involving large flows of titanium tetrachloride gases, the inert gas flow

requirement for the sublimer of our invention can be as little as | to 2

percent by volume of the total oxidizer flow; consequently, the inventive

sublimer can advantageously - for both capital and space reasons - be

sized much smaller for the same production of aluminum chloride gases,

in trASEQRPASE 10,350 BYenignalAlyminum ohieride oenerator dp addition,

the corrosion issues associated with the mixing of the aluminum chloride

enw@ﬂé}@@@%gg@g&@%@mgm@g@%ﬂmggases can be minimized as

" the gases are combined just prior to the oxidizer. The inert, thermally

corgugtive-selidslanaPsereninienidin bertiansieniondesed¥8sstlan being

walls and/or from hot inert gases supplied to the vessel to the aluminum
generahiiotidewstlitls tarbe cublimeds Rreferabiniasbayaneshainginsdnad
thermally conductive in the application, the inert solids will be selected to
conddpsanba ¢f pbuei matehiblribatdalsldsdyesed e dhiriio ithédeg dizenandintadhe
desired pigmentary titanium dioxide product without unduly complicating
Usuaidp pvaiisnaltbiosinstreany plotdssesipmib mpreridingnpigmenb oty thy
way of nonlimiting example, a scour medium such as alumina or sand
wholegy hietrdeesohiepitiopalsans miovedefrint thesplobosiebt bethapstadpeliatimedivably
or sintered titanium dioxide material that can remain with the product
storedveiig HofRR SSRYGPBEEhEEpfghent - while at the same time preferably having
a thermal conductivity at least about equal to that of silica sand (thermal
ORGP hvEERE. shiprifp it ag rrminrdgrdd R meTsIRer

degrees Kelvin (3 and 4 btu/hr-ft-deg F at 600 degrees Fahrenheit)).
thermgl3 opdFRYE §8\i8§ B e L TO PERRREIRE TR UMY StBRbsPaibvessel at
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the combined aluminum chloride solids and inert, thermally conductive solids in a fluidized
condition. Heat is supplied through heating the vessel and/or through heating the inert gases for
causing aluminum chloride solids in the fluid bed to sublime, and the heat transfer to the
aluminum chloride solids for such purpose is aided and accomplished at least in part by means
of the inert, preferably highly thermally conductive solids employed in the fluid bed with the
aluminum chloride solids. To aveid the capital issues associated with the use of aluminum
chlornide generators such as described by Hartmann et al., in which all of substantially all of the
titanium tetrachloride gases in question have been passed through the generators, preferably in
our sublimer the inert gas flowrates will not greatly exceed the minimum required flowrate for
keeping the inert and aluminum chloride solids fluidized — preferably being not more than 200
percent of that required with the flow of sublimed aluminum chloride gases to achieve

fluidization of the combined hot, inert solids and aluminum chloride solids.



Flynn et al., United States Patent No. 5,544,817 to Brownbridge et al.,
United States Patent No. 6,036,999 to Zhao et al, and United States
Patent Application Publications Nos. 2004/0187392 and 2004/0239012 to
Vg Ai84¥EE  While the novel aluminum chloride sublimeP§&&EF9BH018369
and claimed herein is especially useful for providing aluminum chloride
gases to be combined with titanium tetrachloride gases for being
subsequently oxidized in the oxidizer of a chloride TiO2 process, those
skilled in the art will also appreciate that the sublimer can be used in other
contexts wherein the sublimation of aluminum chloride solids generally

hasglreadyhesrdnawp.and %&ﬁﬁﬁ&%ﬁ%g@%@%@%ﬁﬁ@u%ﬁz of which, of
manufacture per the U.S. Pat. No. 4,514,373 to Wyndham or Belgian

coursé, afeihida 103210 refaencas-mentaned abvek Rubiuitheringitbesa

chloride or sulfate process (for producing pigmentary titanium dioxide) for
operafifayidin goam-aluminaipesi-d atnenh ohidtibdenchlordaveiing large flows of

sulfate-process pigmentary titanium dioxide. WE CLAIM: I. A process for
titaniumedking igide ntaey, titariiem giofice hythemsidatiohofuiiankinf our invention can
be as little as | to 2 percent by volume of the total oxidizer flow; consequently, the inventive
sublimer can advantageously - for both capital and space reasons — be sized much smaller for
the same production of aluminum chloride gases, as compared to a conventional alurninum
chioride generator. In addition, the corrosion issues associated with the mixing of the
aluminum chionide sublimation gases and titanium tetrachloride gases can be minimized as the
gases are combined just prior to the oxidizer.

The inert, thermally conductive solids are present to aid in heat transfer from heated
vesset walls and/or from hot inert gases supplied to the vessel to the aluminum chloride solids
to be sublimed. Preferably too, bevond being inert and thermally conductive in the applicatior,
the inert solids will be selected 10 be of a type of material that could be carried into the oxidizer
and into the desired pigmentary titanium dioxide product without unduly complicating
conventional downstream processes or compromising pigment quality - by way of nonlimiting
example, a scour medium such as alumina or sand which is conventionally removed from the
process or perhaps a pelietized or sintered titaniwm dioxide material that can remain with the
product through finishing of the pigment - while at the same time preferably having 2 thermal
conductivity at least about equal to that of silica sand (thermal conductivity of between 5.2 and
6.9 watts/meter-degree Kelvin at 333 degrees Kelvin (3 and 4 btu/hr-ft-deg F at 600 degrees
Fahrenheit)}). Suitable inert solids are described, for example, in United States Patent No.,

6,419,853 to Yuill et al., United States Patent Application Publication No. 2005/0249651 to



ten-achloride in the presence of aluminum chloride, comprising the steps
of: placing inert solids and aluminum chloride solids into a sublimer;
supplying one or more nert gases to the sublimer; subliming aluminum

VEh of#EebTfds to form aluminum chloride gases; where the & 65 bya18369
inert gases are supplied to the sublimer at flow rates such that the
combined flow of inert gases with sublimed aluminum chloride gases
maintains the inert solids and aluminum chloride solids in a fluidized state;
combining aluminum chloride gases from the sublimation step with
titanium tetrachloride gases just prior to introducing the combined gases

Flynd QAN xidation-taaelarnand 544 817 to Brownbridge et al., United States Patent No.
6,036,999 to Zhao et al, and United States Patent Application Publications Nos. 2004/0187392
and 2004/023%012 to Krause et al.

While the novel aluminum chloride sublimer described and claimed herein is especially
uscful for providing aluminum chloride gases to be combined with titaniumn tewachloride gases
for being subsequently oxidized in the oxidizer of a chioride TiO2 process, those skilled in the
art will also appreciate that the sublimer can be used in other contexts wherein the sublimation of
aluminum chloride solids generally has already been known and practiced (for example, in
aluminure manufacture per the U.S. Pat. No. 4,514,373 to Wyndham or Belgian Patent No.
633119 references mentioned above), but further in either a chloride or sulfate process (for
producing pigmentary titanium dioxide) for providing an alumina post-treatment of a crude,

chloride- or sulfate-process pigmentary titanium dioxide.

10
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oxidizing the combined aluminum chloride and titanium tetrachloride
gases. 2. A process according to Claim I, wherein the flow rate of one or
more inert gases supplied to the sublimer is not more than 200 percent in
excess of that required with the flow of sublimed aluminum chlor!de gases
to achieve fluidization of the combined hot, inert solids and aluminum
oride solids. 3. A process according to Claim I. wherein the hot. ir_lert
soh\g's include pelletized titanium dioxide solids. 4. A process according to
Claim |, wherein the hot, inert solids include a scouring medium for
" remST SO UEpLBIETROHY aniHtEHoSUdedpEthe dxidizeroidaium
Process Aeeording fo-tdalm . vherein, hehal. | Egﬁﬁ‘%%gg Egg lyde an.

alumina, zirconium silicate, silica sand or calcined or sintéred titanium
19X ' edium. . : L .
d%ﬂél:qg gsi%%l{réggc{? i amumznum chioride solids into a sublimer;

supplying one or more inert gases to the sublirer:

subliming aluminum chioride solids to form aluminum chioride gases:
where the one or more inert gases are supplied to the sublimer at flow rates such that
the combined flow of inert gases with sublimed aluminum chioride gases maintains the

mert solids and aluminum chloride solids in a fluidized state;

combining aluminum chloride gases from the sublimation step with titanium

tetrachioride gases just prior to introducing the combined gases into an oxidation

reactor; and

oxidizing the combined aluminum chloride and titanium tetrachloride gases,

i1



6. A process according to claim 1. wherein the step of subliming aluminum

chloride solids further comprises the steps of: combining aluminum

chloride solids to be sublimed with inert, thermally conductive solids in a

vessel; subliming said aluminum chloride solids by applying sufficient heat

through one or more of the vessel, the inert, thermally conductive solids

and the one or more inert gases to cause sublimation of aluminum

2. Ch}i{) 990%65305'5%%59@%9?‘? t\(/)eéfcél%la;} ?,n\gvherein the flow rate of one or more inert gases

supplied to the sublimer is not more than 200 percent in excess of that required with the
flow of sublimed aluminum chloride gases to achieve fluidization of the combined hot,

inert solids and aluminum chloride solids.

(8]

A process according to Claim 1, wherein the hot, inert solids include pelletized titanium

dioxide solids.

4. A process according to Claim 1, wherein the hot, inert solids include a scouring

medium for removing solids deposits from an interior surface of the oxidizer.

5. A process according to Claim 4, wherein the hot, inert solids include an alumina,
zirconium silicate, silica sand or calcined or sintered titanium dioxide scouring

medium.

6. A process according to claim I, wherein the step of subliming aluminum

12



supplying one or more inert gases to the vessel at flowrates that are
sufficient when combined with the flow of aluminum chloride sublimation
gases to maintain the combined aluminum chloride and inert, thermally
conductive solids in a fluidized condition. 7. A process according to Claim
6, wherein inert solids are employed having a thermal conductivity at least
about equal to that of silica sand. 8. A process according to Claim 6,
Whﬁ{eln the lgerftu germall congl’1 ct Ve S lids include one or more of

T COmprisc
alumlna SI Ica sand, zIrco |um Si |ca?g and calcined and sintered titanium

dioxide. 9. A process according to Claim 6, wherein following sublimation
of AIAILAT BHSEE AT HiiAGH SR RAPTHE St BF iy e geive

ratelafstheaoneser more inert gases to such that the combined flow of
aluminum chloride gas and one or more inert gases maintains said inert

sojigianchsalidawminunuablenide inediuigized statgwithindhesubimgte o
more of the vessel, the inert, thermally conductive solids and the one or more inert

gases to cause sublimation of aluminum chloride solids in the vessel; and

supplying one or more inert gases to the vessel at flowrates that are sufficient when
combined with the flow of aluminum chloride sublimation gases to maintain the
combined aluminum chioride and inert, thermally conductive solids in a fluidized

condition,

A process according to Claim 6, wherein inert solids are emploved having a thermal

conductivity at least about equal 1o that of silica sand.

A process according to Claim 6, wherein the inert, thermally conductive solids include
one or more of alumina, silica sand, zirconium silicate and caicined and sintered

titanium dioxide.

A process according to Claim 6, wherein following sublimation of aluminum chloride
gas, further comprising the step of adjusting the fiow rate of the one or more inert gases
to such that the combined flow of aluminum chloride gas and one or more inert gases
maintains said inert solids and solid aluminum chloride in a fluidized state within the

sublimer,
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