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the fller. 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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The multi-stage method according to US 6,387,347 B1 is additionally designed to reduce the

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 methaod for 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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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



33first stage, where the nolar ratio of 02 Tick is greeter than 1 and a gas
suspension containing initial TiQ2 particles is fornmed, end gaseous
Tit8l4.is fed into the gas suspension Te. 202 WD containing the Inltia
1i O Pal -tidesid stage, Further advantageous enbodi nents of the hwenton are
de.scrihed in the eu el M5, lion of the nyc? The nethod accordi ngi nvention
differs fromthe known uittstage chlorkte processes for nmanufacturing
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oxygen, as a result of which the tiquid 11014 ignites even in cold form

wi t hout pr eheatdining thelital Ti@, gahiceLx € egsndafagoxygen, only very fine Ti Q2
particles are formed in the reaction zone of the first stage, then
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and in particularly at inost 2 '),S. 25The nethod according to the invoneon
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i ntroduced i ignitag eveeastld briewitibutiprrsedtion. Phele thetexggesol @ageh nly 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



30unheated gas with a tenperoture of nug:1W25 C. In this context,
attention nust b.e paid to Eintitiral that ait the TICI", added is reacted
into 1102. Conpared to conventional two-stage or the nethod 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 neal -stage nethods |ure
torrord effsct in that the it13 202 Woa nethod as characterized in that in
the first sage only nuclei are fornmed whichteed orystais in the second
oxi dation stageo2be smalier particlessize is possibly also favoured by the
fact that the injected TiC 4 droplets are nore honogeneously m xed into the
oxygenmtairilna gas streamthan a 11044 gas, as a result of whioh a
honbgeneous gasiphasearht@aaltii o irceirt btagel culg e ye foaked vhicaed as Javd et hod
according 1o dyagswrndodt B@da$&§s@aat ¢ GRE bl pEtS0AMe isqiosﬂdéoqm&ea be mean
particle size o e en roduc Eyse i n oxgde_qw i in
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or at ieasi aedRfidnahd Adrecdb@kdyace.Thi s al so reduces the maintenance effort
ibi the reactor realty. Exanples

The method according to the invention offers the possibility, to a certain extent, of controliing

the mean particle size of the end product by setting the quantity of liquid TiCl, In the first

stage., Compared to conventional methods, precise setting of a particular particle size then

10  requires no KCI or other growth inhibitor, or at least a smaller quantity. This aiso reduces the

maintenance effort for the reactor facility.

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 stream. 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



is The follow ng exanples era Intended for further -xdanatithe invention
and are not intended to restrict -the :rwention in any way, Exanple 20To
anEinU Z; CtUre. 10 tth Ti C prnent, 3,500 Nmh oxen are heated to 1,650 C. and
fed into a tubular reactor. Approx. 250 kgth quki TiC6 are injected into

t he oxygen stream The TICk reacts with a small proportion of the oxygen:
formng very ene 1102. and chiorine gas, The m xture of oxygen, chlorine
and 1102 Is passed into a second section of the tubular reactor, Into which
24 till gaseol&22We, with a tenperature of 450 'C are introduced. A 25
quantity of 1,5% by weight Aiela is adm xed into this Fa:. stream The

TI C14- Ai Ce6 gas streamreacts with the hot oxygen, formng 70;.. and

chl ori ne gas, resdtrerite the et oTig@R fofmiomT iP4rad £higrigg 928t @ thediQedem g’é@@‘ﬁ*@&‘keti ng
agent. A Ti dsewe§¢¢fa1‘dug¢a@ﬁgagyntfl ne for use as a white pignent is obtained in
(his way, evef %Jgeo%hasaaq@ﬂezﬁkgsyémgsmg& Qo o i Dbl FeRror AEXanDl € 20 To

manuf act ure en are and into a
t ubul ar react@P! mAbb’F‘S%ed%"WWFtFT ‘Heelflr‘ﬁf’li"yg‘?éaf'% é)tl(!pg'ﬂd?g{‘ 8t he oxygen
atraaM The Til€@idd comaatislyviheds teo snamstarphqapéubrih@aasw“ SHeAp%3yeA, forming wy
fine Ti 2 andegdngQdentd re8d % forhe0,Hhadherie: k. aony.geMcenthinefirnes @nd 1902 i s

passed int0 3, 5EGARM: PEELAAT A ul ok UL GAGF Qv b Ch 12 Ll

gaseous Ti d errpera ure are introduced"i k quantity of
1,5% by weight frkiCs is adm xed into this TiG 4 stream The TiGrA da
gas stream 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.



TG 202 WD reacts with the Not oxygen, formsn Ti Q2 and chnrhie ge. wh& Vw
1102 fromthoftrst stage serve e as a nucl eang ageni The m xture of gas and
1102 |l e passed into a third section of the tub: Ay reactor, where 700
Nrifit3 unheal ed oxygen with a tenperature of rotJghly 25t and 12 |ib
tigeict TiG./. are 5injaktled csnsealtively. mess two 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 white plgnmeni S
eiltainad in this way, even 'Mhout adding a further growth r:1V.bitoc,
Conpared to Exanple 1, the enbodinent © thia exanple ia particaiaidy

advant ageous in hat it saves eneny ineetiee only pail of the oxygen end

TC 4 requfres preheating. The oxygen and TiCi streans added in the third
section of the reactor are heated wciaimbe hel p of the heat of reaction

rel eased in stages. 1 and 2, 7 CLAIMS 1. A nethod for manufacturing
titaniumdi oxide particles by reacting titaniumtetrachloride with an 02
cont ai ni ng gas”imetaed fﬂSdP@inchﬁ'Eﬂéﬁta’l‘}g‘i‘ KX erﬂﬂrqc}ie_sslgyabe@cﬁ%q ﬁ@ﬂ'”&brrpri si ng:

f eedi ng | i quiettadhi@idé witht an Q. porédieiag @ds irox yupeier ceattadiugingp gadi-siageam in a
first stage g@th@d@@ﬁﬁﬁgﬁg:to forma gas suspension containing initial 1102
particles; wherein the nolar ratio of 02: Tidi in the first stage is
greater than abolfeding:liagddiGleiBtn Hpreharied RYaE IR aMIGIIHESGaE NAuspensi on in

a second st age: Mgd &1 EEAGH 9 ¥orm LgasHugperiohednfnifcanitial IO, phesies;n the nol ar

ratio of 02: TiCl4 in the first stage is at | east 10,
wherein the molar ratio of 029 TiCls in ?he tllrst s?agejis 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.



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
Cairn 1, wherein the Iquid TiCl4 fed imao the first stage is at nost about
20% of total 1liCl4 fed into all the stages of the reactor. 7a 8. The
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react or has @en@hEbdiRbe td abduheso. st ages after the second stage 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 i ?t roduci ng an
unheat ed oxy§ehhe 86Hod HiTRIMgaserintharefdstes g %F’gﬁ% Yl 5/ORY the first
stage. 11. %ine thethashdodtagd amdrpdseouker équid Ty, Isi iquodlc®id Gitd dtéehstnt o t he

first stage Lse gthdBsd odh A% of.total TiCl4 fed into all the stages of
t he reactor. e12. The ?Tetﬁﬂgguof Clgiem 11, wherein the nolar ratio of 02:

TiCl4d in the first stage is fromabout 20 to about 200. 13. The net hod of
C ai m 11, whéb.eihe métbod etClaon 7 fiatheo nemprsingonigoduging kerunsealge oxpdarer t he

second stagec&naniaagsém&) Qiedst 80 fadd Bldvih§tenkdt@didged into at |east one of
the one or nore further stages. 14. The nethod ot Caim 11l Further

conprising introduci ng an unheated oxygen-containing gas into at |east one
stage fol | owl hgrhetneethpd st Cleinadewherais therliiidriCha@d SO & staganiedtei n t he

liquid Ti Cl46ad b0t fok Bﬂ]p{a;! E s Fodl AeLall tﬁe%fgg@?i_ﬁﬁthé%ébr?% of total TiC4

fed into all the stages o e reactor. e nmethod of C aim 15,
wherein the rnoiar ratio of 02: TiCl4 in the first stage is from about 20
t o about 20012. The method of Claim 11, wherein the molar ratio of O,: TiCls 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.



17. The method of C aim 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 net hod of
Clafrn 15 further conprising introduci ng an unheat ed oxygen-contai ni ng gas
into at | east one stage foilowing the first stage. 113 'gee WO TM i nvendeg
nsiebe to fl hjpgantis .dby Stfl & tnSnoodde by a tr$RM gge Met hod, Ml ore.
(SWflganiumtee O sdkeeTetraetiorldo wed ict3 a aSi XMES i)age. Th Wnbl e
grid awe the peeadlty, to g codeet extents of ogetoglog the nban nettle $S
of the o preguet. 7b

18. The method of Claim 15 further comprising introducing an unheated
oxygen-containing gas into at least one stage following the first stage.



