TG 202 WO1 Mul ti-stage nmethod for manufacturing titanium di oxi de 5Fi el d of
the invention The invention relates to manufacturing titani um di oxi de by
oxidising titaniumtetrachloride by a nulti-stage nmethod, where liquid
titani um E@ﬂﬁ loride is used in the,first stage. 10 Technol ogi cal
background o e invention In one of the commercially applied nmethods for
manuf acturing titani um di oxi de pignment particles, the so-called chloride
process, titaniumtetrachloride (TiCl4) is reacted with an 15oxi di si ng gas,
such as oxygen, air, etc., and with specific additives in a tubular reactor
to obtain titanium diaxisiggewnethollfeor matufgetaring tidhfunt d@#eTi O2 + 2 A 2 The
Ti 2 particles are subsequently separated fromthe chlorine gas. Known
additives are Alas as a rutiliser, and steamor alkali salts as nucl eating
agents. 20 This process is usually perfornmed in a single stage, as
descr|pedﬁggoﬁ@eﬁwg$§m202 or EP 0 427 878 BlI, for exanple. This kind of
reaction ; nergetically unsatlsfactory because, owing to the

hi gh activation energy of TiCl4 oxidation, the educts have to be preheated
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hi ghly exothermal, meaning that, follow ng conplete, adiabatic conversion,
the t erature of t he product strean1is roughly 900 C hi gher than that of
the educts. Before the T|C2 partlcles are separated fromthe gaseous
reacti on Is ¢ LT 3 Ve )y filter, this mxture has to be
substantlally cooled in a 30000I|ng section in order to avoid damage to the
filter. For the purpose of energetic optim sation, nultl-stage ver si ons of
the chi orln@ee pHtbe saamariply arpdpdmsihadnicr MeadaevElsdtanyagNIS REBAM, part of

t he edUCtﬁérﬁd?eshﬁafsaﬁa@ﬁ@m@ﬂd’@‘ﬂ'o&&s&ttémlﬁrﬁtetr&biﬂ@&ie (T‘(DE;) i’seééctelfwﬁH‘tm educts is
added to the.second ﬁ ge af terﬁagust sI| ht he@%{{& thout

neat | Ho. TS S4oneil gatreard plsa ) FereC PR ER 1 LrEHERAEBIY cased i n
t he fir stobddimtteniummdidxigerand egiotnengpst hemsel ves. TiCl4 aI one or Ti CI 4 and
oxygen caﬁcpe did_glehq) t.o, ghe TG 202 WO2 second stage. In addition to a
second st age,  ur t her nor e possi ble to provide further stages using
slightly Tﬁ@ﬁl@wmclwrgs%g@{@ﬂy separated from the chiorine gas. Known additives are

AICI; as a rutiliser, and steam or alkali salts as nucleating agents.

20
This process is usually performed in a single stage, as described in US 3,615,202 or EP 0
427 878 B1, for example. This kind of reaction is, however, energetically unsatisfactory
because, owing to the high activation energy of TiCl, oxidation, the educts have to be
preheated to such a degree that an adiabatic mixed temperature of the educts of approx.

25 800 °C is reached before the onset of the reaction in order for the reaction to take place
completely. However, the oxidation reaction is highly exothermal, meaning that, following
complete, adiabatic conversion, the temperature of the product stream is roughly 900 °C
higher than that of the educts. Before the TiO. particles are separated from the gaseous
reaction products with the help of a filter, this mixture has to be substantially cooled in a

30 cooling section in order to avoid damage to the filter.

For the purpose of energetic optimisation, multi-stage versions of the chloride process have
therefore been developed, in which only part of the educts is heated and added to a first
stage. The rest of the educts is added to the second stage after just slight heating, or even
35 without heating. There, the educts are heated by the reaction enthalpy released in the first
stage, in tun reacting themselves. TiCl, alone or TiCl; and oxygen can be added to the



For exanple, EP O 583 063 Bl describes the two-stage introduction of TiCl4
into the reactor. 5TiCl4 with a tenperature of at |east 450 C and m xed
with AICI3 is fed into the hot oxygen streamat a first inlet, and with a

t enper at 2 fw 50 Cto 400 C and without AlCla at a further inlet. The

met hod according to EP 0 852 568 Bl makes provision for not only the TiCl4
to be 10added in two stages, but also the oxygen. The objective of this
nmethod is effective control of the nean Ti Q2 particle size, and thus of the
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t enper at WdtgyeRfusihg 4y nddiél & dol ddnétki al Iy introduced into an oxygen stream
with a tenperature of roughly 950 C. Formation of the Ti Q2 particles and
particle growh take place in the downstreamreacti on zone. Less highly
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reactor in the first stage, and liquid TiCl4 in the second stage. 35This
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30 entrance temperature of the first TiCl, split stream and the effect is decreased if the

temperature ratio is the other way round (see examples 1 and 4).

US 2007/0172414 A1 discloses a multi-stage method for reacting TiCls and O, where
gaseous TiCl, is fed into the reactor in the first stage, and liquid TiCl, in the second stage.

35 This method permits energy savings and improvement of the particle size range.



The former nmechanismis favoured in the single-stage oxidation reaction,
because virtually no particles are present at the tine of reaction of the
TiCl4 and the 02. In the two-stage and 15nulti-stage reaction, however,
unbur ned Tl%%% s added to a streamqf Ti Q2 particles, neaning that the
reaction Y& smshifts in favour of the surface reaction in conparison
with the single-stage reaction. The result is an increase in the nean
particle size. Though the velocity of the surface reaction may be decreased
so that tThe camenen feature of @l teesearpasesasdsiaat the edudtsled into Wééfsééta%}/aileov\erl ng the
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increased corrosion of the equipment and a greater maintenance effort.

25
Obiect and brief description of the invention

The object of the present invention is to create a multi-stage method for manufacturing
titanium dioxide by oxidising titanium tetrachioride, that is energetically favourable and

30  overcomes the aforementioned disadvantages of the known methods.

The object is solved by a multi-stage method for manufacturing titanium dioxide particles by

reacting titanium tetrachloride with an oxygen-containing gas in a tubular reactor,

characterised in that liquid TiCl, is fed into a preheated, oxygen-containing gas stream in a
35 first stage, where the molar ratio of O, : TiCl, is greater than 1 and a gas suspension

containing initial TiO, particles is formed, and gaseous TiCl, is fed into the gas suspension



The nolar ratio of 02: TiCl4 in the first stage is nore than 1, preferably
at least 10 and 20particularly 20 to 200. In the first stage at nost 20 %
of the total TiCl4 quantity is dosed, preferably at nost 10 % and in

parti cul ar Ia% W nost 2 % 25The net h%d according to the invention can al so
enconpass RS d and, where appropriate, further process stages. It is
furthernore possible to introduce TiCl4 inliquid formin the third stage,
or in one or nore further stages. It is noreover possible, follow ng the
first st agetaining taeoiditiali TiPaparicldsit # serpod s@g§.gen- cont ai ning gas in at | east
one of the further stages. Beyond this, the oxygen-containing gas
introduced in at |east one of the further stages_can be 30unheated gas with
a t enper duiihe agraniasiegus gmiasiinents of theningertig e scribegl &HP 1P Lﬁjlﬁ'ﬁs be paid to
ensuring that all the TiCl4 added is reacted into Ti02. Conpared to
conventional two-stage or nulti-stage oxidation of TiCl4, the particles

f or ned by the nethod according to the invention are finer. In the

convent i @eatriptioh bf theshegrdionet hods | i ke 35e.g. US 2008/ 0075654 Al the Ti 2
particle size is influenced by a thermal effect in that the surface growth

of the TiO2 particles is slowed down by a | ower tenperature. Yet the
present ThenmetmdAcsTéiag tgbe ingentien difetsdrany B knewvn multi-stagechlerds prageséehige only

nucl ei arg nﬂé?rum@rm@t.tsmumﬁox%% i B8RS TR ieInGodutel o ﬁr@fwraduwe&aém@n st age.
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quantl typgﬁlc!le'g?dﬁtﬁlnxh%sbt?hetnhﬁaéésr st stage. Corrpar ed to conventional
met hods _Iﬁrem se settin a particul ar {%artlc e size Qﬂen 10reguires no
ot

KCl o# othesegraiiteee PHAP BRYIOn PErcest S PRSTE d g AEPTEPIYEENE 3PS Wh'E al so
reduces hbgedRjabéRE I Ls aftrbalidedfime tHehet, beaphabnbimbigl gat ptredn anthe es 15 The
fol | ow nﬁ %<arrpl es are intended for further explanation of the invention

and are Yntended to restrict the invention in any way. Exanple 1. 20 To
manufacture 10 t/h Ti Q2 pignent, 3,500 NnB/h oxygen are heated to 1, 650C

and fed ipL PrmParH'l'lglé 8! . i ﬁﬁ%@éff{’ﬂ% P& motohak 9/ ;B}erle'l'é]ﬂ’véhégsg(ﬂalﬁe injected

into the oxyq tream acts wth a snmall” proportion of the
oxygef, Pafi ?fb’zx%??o@l ne Ti @ and chlorine gas.

In the first stage at most 20 % of the total TiCl, quantity is dosed, preferably at most 10 %

and in particularly at most 2 %.

25  The method according to the invention can also encompass a third and, where appropriate,
further process stages. It is furthermore possible to introduce TiCl, in liquid form in the third
stage, or in one or more further stages. it is moreover possible, following the first stage, to
additionally introduce oxygen-containing gas in at least one of the further stages. Beyond
this, the oxygen-containing gas introduced in at least one of the further stages can be

30 unheated gas with a temperature of roughly 25 °C. In this context, attention must be paid to
ensuring that all the TiCl, added is reacted into TiO..

Compared to conventional two-stage or multi-stage oxidation of TiCly, the particles formed by

the method according to the invention are finer. In the conventional multi-stage methods like
35  e.g. US 2008/0075654 A1 the TiO, particle size is influenced by a thermai effect in that the

surface growth of the TiO, particles is slowed down by a lower temperature. Yet the present



The m xture of oxygen, chlorine and TiQ2 is passed into a second section of
the tubul ar reactor, into which 24 t/h gaseous TiCl4 with a tenperature of
450 C are introduced. A 25 quantity of 1.5% by weight AICl3 is adm xed into
this Ti C#AQ@E LEam The Ti C14-AlCl13 gas streamreacts with the hot oxygen,
form ng and chlorine gas, where the TiO2 fromthe first stage serves
as a nucleating agent. A TiQ2 sufficiently fine for use as a white pignent
is obtained in this way, even w thout adding a further grovvth i nhj bi tor.

30Exanpl enethodris chasatierized iy tatinthe/fiFst sagp opy prRishere omesvIFRI%h a9 %8R5en ar e
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m Xt ure afonijgens stddnothana TiClgdgaE, &Pa resulpaiveddh @ Imneogansasgad-passt i on of t he
t ubul gr SSrﬁlacto 2 t/h gaseous TiCl4 with a tenperature of

LsacLor, JLoto, i oh.d
450 Car €% P?B%E@S. g qﬁ F‘h?ﬁ%‘/ of 1.5% by weight ALCl13 is adm xed into
this TiCl4 stream The Ti Cl4-AlCl3 gas stream TG 202 W06 reacts with the

hot oxygem, nf\é?ﬁdy 288ords gt?r) ﬁ@%v@ﬂoﬂ%ﬁ@@} ﬁl%ss;%@r@ atc@ﬁalﬁ'e%nf bpéanfra%d I'rst

stage serves as nuc ent m xt ur e _of Ti Q2 is passed
into a tHe Bl'eéféeﬁﬂ"‘dﬁ*ns'%ﬁ °ftt'l’fﬂae'iClH59‘l"§F by i@ dive aupREly &f '%0‘6’ ﬁﬁjs)'hthﬁﬂ'ﬁtaat ed
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Ti Q2 suf fmaimtemdnkcy effortier the reastoe fagditya white pignent is obtained in th| S Way,
even without adding a further growmh inhibitor. Conpared to Exanple 1, the
enbodi ment in this exanple is particularly advantageous in that 10it saves
energy because only part of the oxygen and Ti Cl4 requires preheating. The
oxygen arg}aﬂ;'@-A streans added in the third section of the reactor are
heated with the help of the heat of reaction released in stages 1 and 2.

TG 2092 wo7 CLAIMS 5
The following examples are intended for further explanation of the invention and are not

intended to restrict the invention in any way.

Example 1:

20  To manufacture 10 th TiO, pigment, 3,500 Nm®/h oxygen are heated to 1,650 °C and fed
into a tubular reactor. Approx. 250 kg/h liquid TiCl, are injected into the oxygen stream. The
TiCl, reacts with a small proportion of the oxygen, forming very fine TiO, and chlorine gas.
The mixture of oxygen, chlorine and TiO; is passed into a second section of the tubular
reactor, into which 24 t/h gaseous TiCl, with a temperature of 450 °C are introduced. A

25 quantity of 1.5% by weight AICI; is admixed into this TiCl, stream. The TiCls-AlCl; gas stream
reacts with the hot oxygen, forming TiO, and chlorine gas, where the TiO; from the first stage
serves as a nucleating agent. A TiO, sufficiently fine for use as a white pigment is obtained in

this way, even without adding a further growth inhibitor,

30 Example 2:
To manufacture 10 t/h TiO, pigment, 2,800 Nm®/h oxygen are heated to 1,650 °C and fed
into a tubular reactor. Approx. 200 kg/h liquid TiCl, are injected into the oxygen stream. The
TiCl, reacts with a small proportion of the oxygen, forming very fine TiOz and chlorine gas.
The mixture of oxygen, chlorine and TiO; is passed into a second section of the tubular

35 reactor, into which 12 t/h gaseous TiCl, with a temperature of 450 °C are introduced. A
quantity of 1.5% by weight AICI; is admixed into this TiCl, stream. The TiCl4-AlCl; gas stream



1. 10 2. 15 3. 20 4. 5. 25 6. 30 Met hod for manufacturing

titani um di oxi de particles by reacting titaniumtetrachloride with an

oxygen-containing gas in a tubular reactor by a nmulti-stage nethod,

characterjsgd i@ that liquid TiCl4 igfed into a preheated,

oxygen-contal ning gas streamin a first stage, where the nolar ratio of 02
TiCl4 is greater than 1 and a gas suspension containing initial TiQ2

particles is forned, and gaseous TiCl4 is fed i tEq%o t hle 98s  SUSpPSn i on
cont ai ni MEAEHYIH HehppyasaPHRe 1iQa8d chlrring gascwhrie deald@: elirst stag
serves as a nucleating agent.
The mixture of gas and TiO; is passed into a third section of the tubular reactor, where
700 Nm*h unheated oxygen with a temperature of roughly 25 °C and 12 t/h liquid TiCl, are
5 injected consecutively. These two streams are heated by the gas-solid stream from the
second stage and react to form TiO, and chlorine gas. A TiO; sufficiently fine for use as a
white pigment is obtained in this way, even without adding a further growth inhibitor.

Compared to Example 1, the embodiment in this example is particularly advantageous in that
10 it saves energy because only part of the oxygen and TiCl, requires preheating. The oxygen
and TiCl, streams added in the third section of the reactor are heated with the help of the

heat of reaction released in stages 1 and 2.



Met hod according to Claiml1, characterised in that the nolar ratio of 02 :
TiCl4 in the first stage is at |east 10, preferably 20 to 200. Met hod
according to Claim1l or 2, characterised in that gaseous or liquid TiCl4 is
i ntroducegs; b@d \fiyrt her stages foll owi ngythe second stage. Method according
to one or nore of Clains 1 to 3, characterised in that oxygen-contai ning
gas is additionally introduced in at | east one of the further stages
following the first stage. Method according to one or nore of Clainms 1 to
4, characterised in that in the first stage at nost 20 % of the total TiCl4
gquantity is dosed, preferably at rro%l_&ﬂgo and in particularly at nost 2%
Met hod according to one or nore of alns 1 to 5, characterised in that
unheat ed oxygen-containing gas is introduced in at |east one of the further
stages following the first stage. Abstract The invention relates to
manuf acturing titani um di oxi de btyt oxidising titaniumtetrachloride by a

hig

mul ti-5tage rtet Mgthodigrenaaufaciingititanivaiosiee Paticiae RY BPFH HiuiRed in a first
and gaseous ti t aidabiridRtitahl géﬂ%ohﬁinu'?@és ina ibgaceadodyagaulti-bhgepr ocess
is energeticall %/rgrﬁore f avour ap nd offers the possibility, to a certain
extent, of cont PEMPPrREaTEn Hﬁf?grti cle size of the end product.

liquid TiCl, is fed into a preheated, oxygen-containing gas stream in a first stage,

where the molar ratio of O, : TiCl, is greater than 1 and a gas suspension

10 containing initial TiO, particles is formed, and
gaseous TiCl, is fed into the gas suspension containing the initial TiO; particles in

a second stage.

2. Method according to Claim 1, characterised in that
15 the molar ratio of O, : TiCls in the first stage is at least 10, preferabiy 20 to 200.

3. Method according to Claim 1 or 2, characterised in that
gaseous or liquid TiCl, is introduced in further stages following the second stage.

20 4.  Method according to one or more of Claims 1 to 3, characterised in that
oxygen-containing gas is additionally introduced in at least one of the further

stages following the first stage.

5. Method according to one or more of Claims 1 to 4, characterised in that
25 in the first stage at most 20 % of the total TiCl, quantity is dosed, preferably at
most 10 % and in particularly at most 2 %.

8. Method according to one or more of Claims 1 to 5, characterised in that
unheated oxygen-containing gas is introduced in at least one of the further stages

30 following the first stage.



