
r 202 WO multistage Method for Producing 1 tanium Dioxide S
aultglIPAiaxgrAiga The invention relates b manufacturing
titaniumetrachiodde by moiThstage method, where liquid titanium tortiorkle
is used in the first stage, Thchnoo$cfl hackqround of e invention in one of
the commercially appired methods tor m. ufactudrig titanium dioxide pigment
Paftidoe, the so-oaiied chloade process, titanium tetrachloride. (T1C14) is
reacted with an asoxidising gas, such as oxy.oen, air, etc., and with
specific additives in a tubular reactor to obtain titanium dioxide and
chlorine gas: TiC14 Ok 4 TiO,z, + 2 C6 The Ti02. particles are
subsegue.ntly separated from the chlorinve, art AiCis as a nitiliser, and
steam or :liken Baits as nucieating agents. The process a usually performed
in a single stage; as described In US 3,615,202 or EP 0 



427 878 En, for example. This kind or reaction is, however, energetically
unsatisfacetny because, owing to the high activation energy of TiClA
oxidation, the Soots hove to be preheated M such a degree that an
adica,dtio mixed temperature ofducts of approx, 25 800 QC is reached before
the onset of Inc reaction in order for the reaction to take place
completely. -lowever, the oxidation reaction is highly exothermal, meaning
that, folowing complete, adiabatic conversion, the temperature of Inc
product stream is roughly 900 'e higher than that of Inc educts. Before the
7100 pk-atoles are separated from the gaseous reaction products with the,
hnip of a fitter, this mixture has to he iiutn3WIda!:y coole<t in a cooing
section in order to avoid damage to the flIer. For the purpose of energetic
optimisation, multEstaga versionsX9oride process have therefore been
developed, in which only part of the adopts is heated and added to a lust
stage. The rest of the educts is added to the second stage after just
slight heating, or even 35without heaths There, the educts are heated by
the reaaon enthaipy released in the firet stage, in turn reacting
themselves. TiC4 atone or TiChs and oxygen can he added to the  IC 202 WO
second stage, in addition to a second stage, it is furthermore pessibie t.o
elm; a further stases using slightly heated or cold educts. For example, EP
0 1583 CM B1 describes the two-siege Introduction of TICI4 into the
reactor, 5-nu, with e temperature of at least 450 'C and mixed with A101a.
is fed into the hot oxygen stream at 3 first Het, and with a temperature of
350 C to 40050 arid without AlC13 at a further Wet The method according to
EP 0 852 SOSBit makes prcvitori kr not only the TiCL. to be .added in two
ataces, but disc the oxygen. The objective of this method Is effective
control of the mean 1102 garticie size, and thus of the tone of the 1102
ptgment base materlai. In this case, To, vapour with a temperature of
roughly 400 10 is initially introduced into an oxygen stream with a
temperature of roughly 0150 'IC', Formation of the TiO2petlicies end
paltiCSS growth take piece in The downstream reaction zone. Less highly
heated TiCl4 vapour (approx. 180 .C.) as added at a second inlet. Oxygen
with a temperature between 25 5C and 1,040 50 Is Introduced at the second
inet, the temperature of the mixture being sufficient to initiate the
reaction. 



The multi-stage method according to US 5,087,347 BI is additioriaily
designed to reduce the seformation of agglomerates. To this end, the
previousty heated Tiel4 stream is divlded into two spiit streams before
addition to the reactor, One sell: stream (about 50 %) is oxidised in the
iirst stage of the reactor, the second split stream (about 40 %) being
cooled (de superheated)by injecting liquid Tiel" and then added to the
reactor. De-superheating takes place outside the reactor, where the
temperature does not drop below the condensation 25temperature of the
overall stream. A similar method for manufacturing Tic:1/4 is described by
US 2008'0075554 Al, This patent 3POCethpe ChrhheheS the technical teaching
that the particle size of the 1102 product may be decreased by iewering the
entrance temperature of the second 'IV* SpiS stream. The effect is
increased if the entrance temperature of the second TiCi4 ad: stream is
lower than the Sitrance temperature of the first t ;GE, split stream and
the effect is decreased if the temperature ratio is the other way round
(see exampies I and 4). US 2007,0172414 Al discloses a muitt-stage method
for reacting TiCl4 and 02, where gaseous- TiCi4 is fed into the reactor in
the first siege, and Squid TiC.S4 S3 the second stage. This method permits
energy savings and improvement of the particle StZtt," range.  TO 202 WO
The common feature of all these processes is that the eaucts fed Into the
afirst. stage ate highly heated. The first stage is thus operated with
highly heated oxygen and heated, vaporous TiC81.. One disadvantage of this
form of the multi-stage reaction is, however, that the mean particle size
increases with the proportion of educts in the second and subsequent
stages. This effect can probe* be explained as follows; :WO competing
median pathways are possible when reacting TiCi4 and oxygen. On the one
hand, TiCis. and 02 can react with each other direcey in the gas phase
(homogeneous gas-phase reaction), as a resort of which Ti0;,. molecules are
formed that grow into oarkies by colading end sintering with each other, On
the ether nand, Tti4 can attach itseif to the surface of existing TiO2
awakes end react    , oxygen there to form Ti0.2. This second reaction
pathway does not lead to the formation of new precies, but to an increase
in the size of existing oarticies (surface reaction), The former mechan:srn
:3 favoured in theiemtage oxidationbecause virtually no particles are
present et the time of reaction of the Tit3i4 and the Os. hi the two-stage,
and multi-stage ceactlon, however, unburned That is added to a stream of
TiO2 parecies, meaning that the reaction mechanism shine in favour of the
surface reaction in comparison with the Seigle-stage reaction. The result
is an increase in the mean particle Sc. 'Though the velocity of the surface
reaction may ha decreased so that the mean panicle size increases to a
lesser degree by ioetering the temperature of the reactards02) in one split
stream by 



desuperheating as described in US 6,087,347 81 and US 200810075654 Al, Yet,
M the end the increase of the mean particle size must. be counteracted by
increased addition of KCI or another growth inhibitor, However, these
inhibitors are highly corrosive. resulting in increased corrosion of the
eluinment and a greater mainlenance effort. Obiect and "eget di?soj.ption
of the. invention The object of the present invention is to create a
multi-stage method for manufacturing titanium dioxide by oxidising
titaniern tetrachloride, that ls energetically ft:veva:0e end overcomes the
aitramentiesed disadvantages of the known methods. The object is solved by
aa method for manufacturing titanium dioxide rtiby reacting titanium
tetrachloride with an oxygen-conteining gas in a tubular reactor,
characterised in that liquid -fiat is fed into a preheated,
oxygen-containing gas stream in a 33first stage, where the molar ratio of
02 Tick is greeter than 1 and a gas suspension containing initial TiO2
particles is formed, end gaseous Tit8l4.is fed into the gas suspension  Te.
202 WO containing the InItiai 1iO Pal-tidesid stage, Further advantageous
embodiments of the hwenton are de.scrihed in the eu el MS, lion of the nyc?
The method accordinginvention differs from the known uittstage chlorkte
processes for manufacturing litarilurn dioxide in that the TM is introduced
into the oxidation reactor in liquid form in a first stage and in gaseetat
form in a second stage, in the first stage, the fiquid 



TiC14 is reacted wdh an excess of preheated oxygen, as a result of which
the tiquid 11014 ignites even in cold form without preheating. Due to the
excess of oxygen, only very fine TiO2 particles are formed in the reaction
zone of the first stage, then functioning as nuclei for Radicle growth in
the subsequent stages. The second stage of the oxidation process ;5
operated like a conventional first stage, where heated, gaseous TiCi4 is
introduced into the hot, oxygen-containing gas stream in the reactor. The
molar ratio of 02e first stage is more than 1, preferatiy at LaC: and
20particularly 20 to 200. In the first stage at most 20 % of the total
tif:14 quantity is dosed, grafefa and in particularly at imost 2 '),S.
25The method according to the invoneon can ak,t0 encompass a third and,
where appropriate,  rwTher process stagee, It is furthermore possibie to
roc cc TOE, in iiguid forrn rithe third stage, or in one or more further
stages, it is moreover possibte, foiloweig ihe first stage. to additionally
introduce oxygen-containing gas in at east one of the further stages.
Beyond this., the oxygen-containing gas introduced in at least one of the
further stages can be 30unheated gas with a temperoture of mug:1W 25 C. In
this context, attention must b.e paid to Eintitiral that ait the TICI",
added is reacted into 1102. Compared to conventional two-stage or the
method according to the invention are finer. e.g. US 200.810075654 Al the
Tiez particle size i dad ti of Tia4, the pert:cies formed by nonal
meal-stage methods lure torrord effsct in that the  



it13 202 WOa method as characterized in that in the first sage only nuclei
are formed whichteed orystais in the second oxidation stage. The smalier
particle size is possibly also favoured by the fact that the injected TiCi4
droplets are more homogeneously mixed into the oxygenmntairilna gas stream
than a 11044 gas, as a result of whioh a homogeneous gasphase 5reaction can
iliClus:ngly take place. The method according to the gwendonthe posea
certain extent of ccrdrcNng the mean particle size of the end product by
setting the quantity of liquid TiCi4 in the first stage, Compared to
conventional methods, precise setting of a particular particle size then
E)requires no KC or other growth inhibitor, or at ieast a arraflar
quantity. This also reduces the maintenance effort ibi the reactor realty.
Examples is The following examples era Intended for further -xdanatithe
invention and are not intended to restrict -the :rwention in any way,
Example 



20To anEinUiZ;CtUre. 10 tth TiC pment, 3,500 Nmh oxen are heated to 1,650
C. and fed into a tubular reactor. Approx. 250 kgth quki TiC6 are injected
into the oxygen stream. The TICk reacts with a small proportion of the
oxygen: forming very ene 1102. and chiorine gas, The mixture of oxygen,
chlorine and 1102 Is passed into a second section of the tubular reactor,
Into which 24 till gaseous -no, with a temperature of 450 'C are
introduced. A 25 quantity of 1,5% by weight Aiela is admixed into this Fa:.
stream. The TIC14-AiCe6 gas stream reacts with the hot oxygen, forming 70;
.. and chlorine gas, where the TiO2 from the first stage serves as a
pocketing agent. A TiOf.: sufficiently fine for use as a white pigment is
obtained in this way, even without ad6ng a further growth irthlbitor. 30
Example 2: To manufacture 10 eh TiCh pigme 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 proportion of the oxygen,
forming wry fine TiO2 and chdorine, gas. The mixture of oxygen, chiorine
and 1902 is passed into a second section of the tubular 35reactor, into
which 12 tth gaseous TiCl4 with a temperature of 450 "C.; are introduced"ik
quantity of 1,5% by weight frkiCls is admixed into this TiCi4 stream. The
TiCjrAiCla gas stream  TG 202 WO reacts with the Not oxygen, formsn TiO2
and chnrhie ge. wh&e Vw 1102 from thoftrst stage serve e as a nucleang
ageni 



The mixture of gas and 1102 le passed into a third section of the tub:Ay
reactor, where 700 Nrifit3 unhealed oxygen with a temperature of rotJghly
25t and 12 lib tigeict TiCi./. are 5injaktled csnsealtively. mess two
streams are heated by the gas-solid stream from the second stage and react
to fermi-10:z and cHeFitir..11 gee. A1102 suilkiently fine for use as a
white plgmeni S eiltainad in this way, even 'Mthout adding a further growth
r:IV.bitoc, Compared to Example 1, the embodiment n thia example ia
particaiaidy advantageous in hat it saves enemy ineetiee only pail of the
oxygen end TCi4 requfres preheating. The oxygen and TiCii 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,  7 CLAIMS 1. A method for
manufacturing titanium dioxide particles by reacting titanium tetrachloride
with an 02 containing gas in a tubular reactor using a multi-stage method
comprising: feeding liquid TiCi4 into a preheated, oxygen-containing gas
stream in a first stage of a reactor to form a gas suspension containing
initial 1102 particles; wherein the molar ratio of 02: TiCli in the first
stage is greater than about  1; and feeding gaseous Ti0I4 into the gas
suspension in a second stage of the reactor.  2. The method of Cairn 1,
wherein the molar ratio of 02: TiC14 in the first stage is at least 10, 



3. The method of Claim 1, wherein the molar ratio of 02: TiCI4 in the first
stage is from about 20 to about 200. 4, The method of Claim I, wherein the
reactor has one or more further stages after the second stage and gaseous
or liquid TiChl 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 foilowino the first stage.
6. The method of Claim 5 wherein the oxygen-containing gas introduced into
at least one stage foilowing the first stage is unheated.  7. The method of
Ciairn 1, wherein the lquid TiC14 fed into the first stage is at most about
20% of total 1iC14 fed into all the stages of the reactor.  7a  8. The
method of Claim 7, wherein the molar ratio of 02: T1CI4 in the first stage
is from about 20 to about 200,  9. The method of Claim 7, wherein the
reactor has one or more further stages after the second stage and gaseous
or liquid TiCI4 is introduced into at least one of the one or more further
stages.  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 TiCI4 fed into the
first stage is at most about 10% of total TiCI4 fed into all the stages of
the reactor.  12. The method of Claim 11, wherein the molar ratio of 02:
TiC14 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 TiC14 is introduced into at least one of
the one or more further stages.  14. The method ot 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 TiC14 fed into the lirsL
stage is at most about 2% of total TiCI4 fed into all the stages of the
reactor.  16. The method of Claim 15, wherein the rnoiar ratio of 02: TiCI4
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 TiCI4 is introduced into at least one of the
one or more further stages.  7b     The method of Clafrn 15 further
comprising introducing an unheated oxygen-containing gas into at least one
stage foilowing the first stage.  113 'gee WO TM invendeg nsiebe to
flhjpgantis .dby Stfl&n tnSnoodde by a tr$RMIgge Method, Vlore. (SW
flganium tee OtsdkeeTetraetiorldo wed ict3 a aSiXMES i)age. Th Womble grid
awe the peeadlty, to g codeet extents of ogetoglog the moan mettle $S of
the o preguet. 


