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prefera)()?ya{)esmg (%rrom 1 to 5 and especially 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.
Aluminum chloride, however, is most commonly used for its relatively lower cost. In practical
terms, the use of at least 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 apparatus. have been used or suggested for use over the years for
adding in aluminum chloride to a chloride process for oxidizing titanium tetrachloride to produce

a crude, chloride process pigmentary titanium dioxide.
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dissolution of the solid aluminum chloride does add some time to the overall production cycle

time, and the mixture of aluminum chloride and titanium tetrachloride is corrosive to the extent
that equipment exposed to the mixture — for example, the vessel(s) in which the aluminum
chloride and titanium tetrachloride are mixed and the aluminum chloride solids dissolved into the
. hot liquid titanium tetrachloride, 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 nickel
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 “aluminum chloride generator”, as a generally more
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consequences as well as to preheat the titanium tetrachloride gaseoﬁs stream feeding into the
oxidizer, to sweep a titanium tetrachloride stream over the lined inner wall of an aluminum
chloride generator for acting as a protective film. Several other references are cited by Hartmann
et al. for still other generator arrangements wherein titanium tetrachloride is passed through the
generator to 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 well
as for avoiding the complexities of accurately metering in a separate 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 wusing aluminum chloride generators according to
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concerns a novel and improved process for subliming aluminum chloride solids which is
parti(éularly suited for use in a chloride process for making pigmentary titanium dioxide.

The present invention thus utilizes aluminum chloride solids, but rather than dissolving
the same in hot liquid titanium tetrachloride, 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 preferably occurring just prior to the entry of the titanium
tetrachloride gases into the oxidizer and more preferably occurring as close to the entry point of

the titanium tetrachloride gases as possible given equipment constraints, obstructions and the like.
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Bel gi an Patent No. 6331 19 and United States Patent
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our knowledge has not been used or suggested for use in generating aluminum chloride gases in
the different context of making chloride process titanium dioxide pigments. In regard to the
particular devices used, the- Wyndham reference describes as conventional the use of a screw
conveyor having a heated jacket or screw (or both) for purifying crude aluminum chloride, in
which under constant agitation, at a temperature of not less than 180 degrees Celsius and a
pressure not less than atmospheric pressure, aluminum chloride solids are sublimed and the
resultant gases purged using nitrogen. A disadvantage of this sort of device for making chloride
process titanium dioxide pigments is that an inventory of aluminum chloride solids is always
present, making the sublimers difficult to start and stop as quickly as might be desired.

Belgian Patent No. 633119 suggests a flash vaporizing of aluminum chloride powder,
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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 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 ttle 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 chloride 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
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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 involved 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 chloride gases are supplied in the present invention by subliming
aluminum chloride solids and then combining aluminum chloride gases from the sublimation
step with titanium tetrachloride gases, the combination preferably occurring just prior to the
oxidizer and more preferably occurring as close to the entry point of the titanium tetrachloride

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



incorporated into its crystalline lattice (so-called
"burned-in alumna"), as part of a chloride process

WO 00808y a rutile titani um di oxi de pi gment BCYOSHE7/018369
commonly used in paper, in plastics and in coatings of
various types. The chloride process for making rutile
titanium di oxi de pignents need not be described in any
detail herein, as the general process is wellknown and
described in many references and as the details of the
chl orination, oxidizing and finishing operations

. invol ved in such £Q ar e t._affecte t .
i turm ¥ Rl S O R RHRF R oA haRlpRe RO eiesine
oxigizjng step.is.also well-kpnown as described above,
encountred as, ‘iﬂFiaBlEngsthe&mFﬁ’éocﬁse“é@lﬁmqnﬁventi on being found
in the manner in which the alum num chl ori de gases are
sthepluraisuinoghloridernglidx indthisedsanviltypiceally be purichased, rather than being
tetrachl oride gases in the oxidizer. Nanely, the
generatddubfionglintteldatbo-cltorir@tion ofiaRntnppbeathd dres ed the esénial
i nvention by sublimng alum num chl oride solids and

condeﬁssa%h SofighiMuBOcHONUE OHM 491k L8 iﬁﬂé‘?ﬁzllkfiﬁﬁ‘? AHGinum metal.

ublimation step wth titaniumtetrachl ori de gases,

sty BRI B8 B BB G R ol G B i

zer nore pre y oc a
entr Qint of the titaniumtetrachl arj de gases .into )
whole,, Fwéyel. df 5 nodneans §?“E§P€¢dg‘g]%‘éhe %53&9? mé*&%eo%?ﬁgwegi ag gonceivably
obstructions and the like, so thatin turn the
stored ongitede be used whenrreedéd.al urmi num chl oride and titani um
tetrachl ori de gases is encountered as little as
daxfy event) the hluenimira chloside golidsrendombihied withohé ohinore inert,
chloride solids in this case will typically be

thermaPly'coh@RBVe sé1alsEh vEQRI) aRE bAGordRRR iAreghstH AR 4aPpItdq0 the vessel at
carbo-chl orinati on of "al um num beari ng ores and the

oY SRR AR o R L i
the o AmgRn S OB eI SR i B Pt vesoPds s fhdized
conditi{gT)g;l gf_épt\e,ig gqllgpqleeg tltlrgﬁéh fleha%nz (t)lllei vdeiseﬂn?d%r t?x?ouggi %igt?ggetge ?nllgt 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 avoid the capital issues associated with the use of aluminum
chloride 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.
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suppl i ed through heating the vessel and/or through

, . ¢ . . hlani _
S5eb8 e sk} Y TR e FRHeH br ButEh BRI, i OFwhic, of
transfer. to the al um pum ¢hl ori de. soli.dg for such

course, i FRYGE if 112,43 BEPCUFIA SHEAT O R OFICAHET b e oA gaHse 6f
means of the inert, preferably highly thermally

operatignf dosentyest inthe kgownplusinemichloride generptgrsavolyingtangp ows of
al umi num chl oride solids. To avoid the capital issues

titaniwassteachhridd gasesthe irertugas flov refuinemennfatthesubdiener of our invention can
generators such as described by Hartmann et al., in

be as 1iffHl &N B! pepéent BP SbRMel Flthe/tod] bxlizet ABw: toRBAULRALLY, the inventive
tetrachl ori de gases in question have been passed

sublimléﬂfea?l;%g%ﬁstﬁg’ﬁog%? e13t 85 caRital afid E’ﬁc%! lrci.agor%u—r b%%‘i?e]lﬁiierﬂﬁéh dlifiter for

ates w'I'T  not greatly excee
m ni requjred fl te for keeping.the inert and .

the sarty QipAiiGIon R A BT Bun Btk Bptel: 1 SBMpated 1 dreniaptignalapmnum

~not nore than 200 percent of that required with the

chloride|ggperator.sIadditian, Hiearrasian éssnesrassreiajed with the mixingefthe
fluidization of the conbined hot, inert solids and

aluminainuchloride sublimnticiegased ardistitaninmetbtrachloraletgasgsas bamyinioszed as the
for exanple, nitrogen or carbon dioxide - both of

gases A Eéihbined jusOprisio thitfdkidigetnd i n ‘the gas products stream
fromthe oxidizer in the normal course of operations.

PO ARSI MU ) B o
st MR R B o S T i o

of the total oxidizer flow, consequently, the o
to be spbjimagd. | Rreferably too, beyond being inert and thermally conductive in the application,

the inert solids will be selected to 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 conventioﬁally removed from the
process or perhaps a pelletized or sintered titanium dioxide material that can remain with the
product through finishing of the pigment - while at the same time preferably having a 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.

6,419,893 to Yuill et al., United States Patent Application Publication No. 2005/0249651 to



subl i mer can advantageously - for both capital and
space reasons - be sized nmuch smaller for the sane
w@e@doadison of al um num chl ori de gases, as conpar/Es200p018369

a conventional alum num chloride generator. In

addition, the corrosion issues associated with the

m xi ng of the al um num chl oride sublimtion gases and
titaniumtetrachl ori de gases can be mnim zed as the
gases are conbined just prior to the oxidizer. The

inert, thermally conductive solids are present to aid

Flynn %tr%l h%}te({ SARS Pafent N8”5 §$43§ ?fj% \'ﬁ%%'bnggé % H %f Stafel Patent No.

I ner gases sup he 'vess um num

@@tﬁ;ﬁsgf@' e S P e b b P05

Pllcatlon the inert solids will be selected to be

and 208#/033901gdo &raypgebali al that coul d be carried into the
oxi di zer and into the desired pignentary titanium
dWaide de rpivelhlehinent ¢hdotideusutiliingr deseyibédcantdi alajmed herein is eSpemally
conventi onal downstream processes or conprom sing

useful BarPFEVIlin gl&ﬂhhfhﬁm chivtidedsdafto BE BbinBinkd RgthataiTmAetrathloride gases
scour i um such as alum na or sand which is

for belﬁg %@ét&e&ﬁ?lokwlieﬁqﬁ’ﬁﬁ xidi2dP dre £9562 Procksy tyse F]la%led in the

or sintered titanium di oxi de terra

art mlgﬁéq,rgﬁ:[recxa a|tt Bx gaglfﬁg I{SF Y g;clé’ggﬁgy‘{’&%é ﬁ%e %lblimation of
t her nal conduct|V|ty at | east about equal to that of

alumingm ghieride-sodids generathyl hag ahigastyt begn kpown ansbprgetiged= for example, in
6.9 watts/neter-degree Kelvin at 333 degrees Kelvin (3

alumiramdmdnufactiterpef thedd§. PataNoo4)01413% oW yrdiraneohBelg)an Patent No.
Suitabl e inert solids are described, for exanple, in

633119dferRAceSinddntiondtPatne), biat fufthérli cBBer 4 ¢hlofidd dr selfatdlprocess (for
United States Patent Application Publication No.

Produ‘%ﬁ)gg{g&éﬁéﬁ k O\NHE;r&Id 5 oiclélrovn{ dg_ﬁm ! ? }ggé ?gétﬁ%(n % gﬁat crude,
o R S

2004/ 0239012 to Krause et al.
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Wil e the novel al um num chloride subliner described
and clainmed herein is especially useful for providing
w@bwsiosiins chl ori de gases to be conbined with tPCEHOB200T/018369
tetrachl ori de gases for being subsequently oxidized in
the oxidizer of a chloride Ti Q2 process, those skilled
inthe art will also appreciate that the subliner can
be used in other contexts wherein the sublinmation of
al um num chl ori de solids generally has al ready been
known and practiced (for exanple, in alum num
WECg&ﬁgfacture per the U S. Pat. No. 4,514,373 to Wndham
el gi an Patent No. 6331 19 references nentioned
above), but further in either a chloride or sulfate
process (faqr producing pignentary, titani um di oxide) ..
1. § or Agprecass forgnalang PigmeRRy, Blapium é’ams aroggh the oxjation of titanium
chl oride- or sulfate-process pignentary titani um
di osdtaehlp@dOinahe/presenca of alwosaem ichloridajdomprisingrthe stapsyof:
titani um di oxi de through the oxidation of titanium
t et aacdublimirtiealumirdufecilotdesitids af foanuhimmmcdhlarideq@ses;
conprising the steps of: a. sublimng al um num
Chl 8| dignsifi dfantiRurh Qb1Hrialk el il tHe QLbIRAERRES, with titanium
conbi ning al tm num chl ori dé gases from the subli mati on
step vwétgch@ ir}d%niaury_ t e& rachl ori de gases; and c.
oxidi2|“g PEEHB? ACd al umi num chl oride and titani um
tetrachl grjde gases. 2. A .process. as defined in aj m
1, GhetXddiRng e %W?ﬂ%ﬁi“@ﬁl%‘? plierdgapd tﬂt@&lmn}ﬁﬁrach%nde gases.
tetrachl ori de gases are conbi ned just prior to being
i ntroduced into the oxidation reactor wherein the
alum num chloride and titaniumtetrachl oride are
2. OXi QN greckss ds défindas €3dimal wirtdine@ alimiguai ¢hldridevdnd titinium
the al um num chloride solids are sublinmed at least in

par terh¥hieAAd Paskes ¥R dRMinddjBRADHSF tdf BB MRbdudeBShitb the oxidation

solids contacting the

reactor wherein the aluminum chloride and titanium tetrachloride are oxidized.

3. A process as defined in Claim 1, wherein the aluminum chloride solids are sublimed
at least in part by conductive heat transfer from hot, inert solids contacting the

aluminum chloride solids.

4, A process as defined in Claim 3, wherein the hot, inert solids and aluminum chloride
solids are fluidized together in a heated, fluidized bed sublimer, by a supply of one
or more inert gases sufficient with the flow of sublimed aluminum chloride gases to

fluidize the combined hot, inert solids and aluminum chloride solids to be sublimed.

5. A process as defined in Claim 4, wherein the supply of one or more inert gases is

determined by determining how much additional gas flow is needed beyond the flow

11



al um num chloride solids. 4. A process as defined in
Claim3, wherein the hot, inert solids and al um num

w@ kiosn0sedss sol i ds are fluidized together in a hpex/Es007/018369

7.

10.

11.

fluidized bed sublinmer, by a supply of one or nore
inert gases sufficient with the flow of sublined

al um num chl ori de gases to fluidize the conbi ned hot,
inert solids and al um num chloride solids to be
sublimed. 5. A process as defined in Claim4, wherein
the supply of one or nore inert gases is determ ned by

det I i J; ' :
poy SR R HE et ARt AR Tblrel Kol AndiFRA 3G and aluminum
t he conhi ned, ho i.nert, solids and al um num chl ori de

sol F@anﬁs‘ﬁédsgﬂbFF?ﬁwedB. A process as defined in

Caimb5, wherein the supply of one or nore inert gases

is not nore than 200 percent in excess of that
required with the flow of sublimed al um num chlori de

. gas dsprboesaab defiredfih (llainzg tvwherein thet supplyafione edimlost inert gases is not

inert solids and alum numchloride solids. 7. A

Pr og@é thag 200 peitesk inRkx&dssbMhat rellieédewith theefldVe bf subligdel
solids are selected fromthose naterials which have

beegldn&iﬂ&ﬁ‘%hﬁ}ﬁdkggméet‘é i Qéhiﬂ{%qilﬂ%zﬁt%nadhﬂé‘&&hﬁiﬁéd &t inert solids and

oxidizing titani rachl oride to produce a cr

pi gnent.ar | tani um di oxi de. 8. A process as defined

in “ﬂ‘ﬁ\"%,ca’\l%@eéf’ﬁ}st he hot, inert solids include

pel l etized titaniumdioxide solids. 9. A process as

defined in Aaim?7, wherein the hot, inert solids

i nclude a scouring medium for renoving solids deposits

f r oA procésstae defireddn IGlame3, ofhetdie thextiodli inent solid3.areselected from those
process as defined in Claim9, wherein the hot, inert

sol inglgerialcWhidh have Bderfudid suitable for adding to an oxidizer for oxidizing

titanium tetrachloride to produce a crude pigmentary titanium dioxide.

A process as defined in Claim 7, wherein the hot, inert solids include pelletized

titanium dioxide solids.

A process as defined in Claim 7, wherein the hot, inert solids include a scouring

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

A process as defined in Claim 9, wherein the hot, inert solids include an alumina,
zirconium silicate, silica sand or calcined or sintered titanium dioxide scouring

medium.

A process for subliming aluminum chloride solids, comprising combining aluminum

12



zirconiumsilicate, silica sand or cal cined or
sintered titani um di oxi de scouring nedium 11. A

w@e@s®3ds$ or sublim ng al um num chl ori de sol i dBCT/US2007/018369

12.

13.

conpri sing conbi ning al um nuncthl oride solids to be
sublinmed in a vessel with inert, thermally conductive
sol ids, supplying one or nore inert gases to the
vessel at flowates sufficient with the flow of

al umi num chl ori de sublimtion gases to maintain the
conbi ned al um num chl oride and inert, thermally

con . l, d . 3 af:L Ui d . |t . .

app raY IR BE sl hid Ve i IR, ol Bhductive solds,
vessel , the inert, .thermally. conductive soli and t

one SRBIYGE 6nt fEmpie EE EEs I HESESE b TETBRER ST GRN G Eh e flow
al um num chloride solids in the vessel. 12. A process

as @Enlumieum ghlgride sublimatian gasssio madntaingly ¢ombiagdaluminum

enpl oyed having a thermal conductivity at |east about
equahlotide hithinenf themndllyaoadudive k8lidsAn arfhddisad emditivn, amblapplying
in Caim1ll, wherein the inert, thermally conductive

sol isgficienEhét errSilh e dFidie Of tiRlvetdel dhe bt thémfMYLonductive
zirconiumsilicate and calcined and sintered titanium
di O%L 8% and the one or more inert gases to cause the sublimation of aluminum chloride

solids in the vessel.

A process as defined in Claim 11, wherein inert solids are employed having a

thermal conductivity at least about equal to that of silica sand.
A process as defined in Claim 11, wherein the inert, thermally conductive solids

include one or more of alumina, silica sand, zirconium silicate and calcined and

sintered titanium dioxide.

13



