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5  Field of the invention

The invention relates to manufacturing titanium dioxide by oxidising titanium tetrachloride by
a multl-stage method, where liquid titanium tetrachloride is used in the first stage.

10
Technological background of the invention

In one of the commercially applied methods for manufacturing titanium dioxide pigment
particles, the so-called chloride process, titanium tetrachloride (TiCl,) is reacted with an

15 oxidising gas, such as oxygen, air, etc., and with specific additives in a tubular reactor to
obtain titanium dioxide and chlorine gas:
TiCly + O, = TiO, + 2 Cl,
The TiO; particles are subsequently separated from the chlorine gas, Known additives are
AlCls 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, muiti-stage versions of the chioride 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 tumn reacting themselves. TiCl, alone or TiCl; and oxygen can be added to the
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r eaCt I on. 20  formation of agglomerates. To this end, the previously heated TiCl, stream is divided into two
split streams before addition to the reactor. One split stream (about 60 %) is oxidised in the
first stage of the reactor, the second split stream (about 40 %) being cooled (de-
superheated) by Injecting liquid TiCls and then added to the reactor. De-superheating takes
place outside the reactor, where the temperature does not drop below the condensation
25 temperature of the overall stream.
A similar method far manufacturing TiO; is described by US 2008/0075654 A1, This patent
application comprises the technical teaching that the particle size of the TiO; product may be
decreased by lowering the entrance temperature of the second TiCl, split stream. The effect
is increased if the entrance temperature of the second TiCly split stream is lower than the
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 TiClq 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.
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stream by Obiject 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 tetrachloride, 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 tetrachioride 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



desuper heating as described in US 6,087,347 81 and US 200810075654 Al, Yet,
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10 liquid form in a first stage and in gaseous form in a second stage. In the first stage, the liquid
TiCl, Is reacted with an excess of preheated oxygen, as a result of which the liquid TiCls
ignites even in cold form without preheating. Due to the excess of oxygen, only very fine TiO,
particles are formed in the reaction zone of the first stage, then functioning as nuclel for
particle growth in the subsequent stages.
15  The second stage of the oxidation process is operated like a conventional first stage, where
heated, gaseous TiCl, is introduced into the hot, oxygen-containing gas stream in the

reactor.

The molar ratio of O, : TiCl, in the first stage is more than 1, preferably at least 10 and

20  particularly 20 to 200.

In the first stage at maost 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 TiCly 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 TiCls, the particles formed by

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

surface growth of the TiO, particles is slowed down by a lower temperature. Yet the present
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Examples
1s
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 t/h 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
TICI, reacts with a smalf 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 tih gaseous TiCls with a temperature of 450 °C are introduced. A

25  quantity of 1,5% by weight AICl; is admixed into this TiCl, stream. The TiCl4-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 siream. The
TICl, reacts with a small proportion of ithe oxygen, forming very fine TiO2 and chiorine gas.
The mixture of oxygen, chiorine 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 AICl; is admixed into this TiCl, stream. The TiCls-AlCl; gas stream
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certain extent of ccrdrcNng the nean particle size of the end product by
setting the quaewpPy of liquid TiGC4 i®n the first stage, Conpared to
conventional nethods, precise setting of a particular particle size then
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Exanpl e . ) o _—
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 plgment 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 TiCly 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.
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chlorine and 1102 |Is passed into a second section of the tubular reactor,
Into which 24 till gaseous -no, with a tenperature of 450 'C are
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stream The TICl4-Ai Ce6 gas streamreacts with the hot oxygen, formng 70;
and chlorine gas, where the TiQ2 fromthe first stage serves as a
pocketing agent. A TiO.: sufficiently fine for use as a white pignent is
obtained in this way, even w thout adéng a further growth irthlbitor. 30
Exanpl e 2: To manufacture 10 eh Ti Cloypigse tN-i oxygen are heated to 650 eC
and into a tubular reactor, Approx. 200 kWh liquid TiCti are injected into
the oxygen atraaM The TiC k reacts with a small proportjon of the oxygen,
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g wherein the molar ratio of O, : TiCl; in the first stage is greater than about
1; and feeding gaseous TiCly into the gas suspension in a second stage

of the reactor.

2. The method of Claim 1, wherein the molar ratio of O;: TiCls in the first stage

is at least 10.

3. The method of Claim 1, wherein the molar ratio of O,: TiCls in the first stage

is from about 20 to about 200.

4. The method of Claim 1, wherein the reactor has one or more further stages
after the second stage and gaseous or liquid TiCls is introduced into at least
one of the one or more further stages.

5. The method of Claim 1 further comprising introducing an oxygen-containing
gas into at least one stage following the first stage.

6. The method of Claim 5 wherein the oxygen-containing gas introduced into at
least one stage following the first stage is unheated.

7. The method of Claim 1, wherein the liquid TiCls fed into the first stage is at

most about 20% of total TiCl4 fed into all the stages of the reactor.
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streans are heated by the gas-solid streamfromthe second stage and react
to ferm-10:z and cHeFitir..11 gee. A1102 suilkiently fine for use as a
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with an 02 cqyvarh Bhdi@ 29 &Saboat 204 ubul ar react or using a multi-stage nethod
conprising: feeding liquid TiC4 into a pr eheat ed, oxygen-containing gas
streamin a first stage of a reactor to for as susg%n%l on_cont ai ni ng
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suspension i g, oﬁﬁ&Bﬁ@oﬁ%?fQ%rﬂTertsﬁﬁeg eactor. 2. The nethod of Cairn 1,
wherein the no ratio of 02: TiCl4 in the first stage is at |east 10,

10. The method of Claim 7 further comprising introducing an unheated oxygen-
containing gas into at least one stage following the first stage.

11. The method of Claim 1, wherein the liquid TiCls fed into the first stage is at

most about 10% of total TiCl, fed into all the stages of the reactor.

12. The method of Claim 11, wherein the molar ratio of Oz: TiClg in the first

stage is from about 20 to about 200.

13. The method of Claim 11, wherein the reactor has one or more further
stages after the second stage and gaseous or liquid TiCly is introduced into at
least one of the one or more further stages.

14. The method of Claim 11 further comprising introducing an unheated
oxygen-containing gas into at least one stage following the first stage.

15. The method of Claim 1, wherein the liquid TiCls fed into the first stage is at

most about 2% of total TiCl; fed into all the stages of the reactor.

16. The method of Claim 15, wherein the molar ratio of Oz TiCls in the first

stage is from about 20 to about 200.

17. The method of Claim 15, wherein the reactor has one or more further
stages after the second stage and gaseous or liquid TiCls is introduced into at
least one of the one or more further stages.



3. The method of Caim1l, wherein the nolar ratio of 02: TiCl4 in the first
stage is fromabout 20 to about 200. 4, The nethod of Caiml, wherein the
reactor has one or nore further stages after the second stage and gaseous
or liquid TiChl is introduced into at |east one of the one or nore further
stages. 5. The nmethod of Caim1l further conprising introducing an
oxygen-containing gas into at |east one stage foilowno the first stage.

6. The nethod of Claimb5 wherein the oxygen-containing gas introduced into
at | east one stage foilowng the first stage is unheated. 7. The method of
Ciairn 1, wherein the lquid TiCl4 fed infto the first stage is at nost about
20% of total 1liCl4 fed into all the stages of the reactor. 7a 8. The

nmet hod of d gim i i - trobl&hd A dnReatkir st st age
is from abou?h'ZJ fo al éﬁt&Z%%& nqg; ﬂl'mga%ﬁlﬁﬁ%n%%(]fai m67 wherein the

react or has @mésearconfarnwgf%wm@t@?%tg&%S@ﬂ?éﬁ%ﬁs"&%&!&tﬁ&a% age and gaseous
or liquid TiCl4 is introduced into at | east one of the one or nore further
stages. 10. The nethod of Claim?7 further conprising introducing an

unheat ed oxygen -containing gas into at | east one stage Followi ng the first
stage. 11. The nmethod of Caim1l, wherein the liquid TiCl4 fed into the
first stage is at nost about 10% of total TiCl4 fed into all the stages of
the reactor. 12. The nethod of Claim1ll1l, wherein the nolar ratio of 02:
TiCl4 in the first stage is fromabout 20 to about 200. 13. The net hod of
Claim 11, wherein the reactor has one or nore further stages after the
second stage and gaseous or liquid TiCl4 is introduced into at |east one of
the one or nore further stages. 14. The nethod ot Caim 11l Further

conpri sing introduci ng an unheat ed oxygen-contai ning gas into at |east one
stage followng the first stage.



15. The method of Claim 1, wherein the liquid TiCl4 fed into the lirsL
stage is at nost about 2% of total TiCl4 fed into all the stages of the
reactor. 16. The nethod of Claim 15, wherein the rnoiar ratio of 02: TiCl 4
inthe first stage is fromabout 20 to about 200. 17. The method of Caim
15, wherein the reactor has one or nore further stages after the second
stage and gaseous or liquid TiCl4 is introduced into at | east one of the
one or nore further stages. 7b The nethod of Clafrn 15 further
conprising i nf¢8¥dWei ng an unheat ed oxyden-containing gas into at |east one
stage foilowng the first stage. 113 'gee WD TMinvendeg nsiebe to

fl hjpgantis .dby Stfl & tnSnoodde by a tr$RM gge Met hod, M ore. (SW

fl gani um tee Ot sdkeeTetraetiorl do wed g3 a aSi XMVES i)age. Th Wonble grid
awe the peeadlty, to g codeet extents of ogetoglog the npan nettle $S of

the 0 preguelyhg inventian relates to manufacturing tanium dioxide by oxidising titanium tetrachiorlde by
a mult-stage method, whers liquid titanium tetrachleride is used In a first and gaseous
§ titankum tefrachloride is used In a second stage. The process Is energetically more
favourable and offers the possibility, to a certain extent, of controlling the mean particle size
of the end product.
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