TG 202 WO1 Mul ti-stage nmethod for manufacturing titani um 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
titaniumtetrachloride is used in the first stage. 10 Technol ogi cal
background of the invention In one of the comercially applied nethods for
manuf act ur i @2RWcani um di oxi de pignent 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 titaniumdioxide and chlorine gas: TiCl4+ 02 -) TIO® + 2 A2 The

TiR particles are SuBﬁg%?aelf{lf'{‘é‘hgﬂemé‘ﬁ*ﬁgﬁtté@ﬁ“ﬁmﬁEg‘{".%i ne gas. Known

additives are Al Cl13 as i ser, salts as nucl eati ng
agents. 20 This process is usually perfornmed in a single stage, as
described In US 3, 615,202 or EP 0 427 878 81, for exanple. This kind of

reactioni SFiel@%eviﬁJehtio%ner getically unsatisfactory because, owing to the

hi gh acti1vattomenergy of Ti Cl4 oxidation, the educts have to be

The invention relates to manufacturing titanium dioxide by oxidising titanium tetrachloride by
a multi-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 chioride 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 chiorine gas:
TiCly + O, = TiO2 + 2 Cl,
The TiO, particles are subsequently separated from the chlorine gas. Known additives are
AlCl; 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 arder tc avoid damage to the filter.

For the purpose of energstic optimisation, multi-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 turn reacting themselves. TiCl, alone or TiCl; and oxygen can be added to the



preheated to such a degree that an adi abatic m xed tenperature of the
educts of approx. 25 800 Cis reached before the onset of the reaction in
order for the reaction to take place conpletely. However, the oxidation
ireaction is highly exothermal, neaning that, follow ng conpl ete, adiabatic
'conversion, the tenperature of the product streamis roughly 900 C hi gher
than that ofG2Ra&Ceducts. Before the TR Oz particles are separated fromthe
gaseous reaction products with the help of a filter, this mxture has to be
substantially cooled in a 30cooling section in order to avoid damage to the
filter. Forsetdi spigs.pOSRIOH tornREGRTsiage, apd uNicadre possibiib pioviss gkerver si ons of
(the chlorid S r been devel oped, in which only part of
'the educts %%ggggﬁﬁﬂmﬁﬁﬁgg%ggagé%ﬁgwfirst stage. The rest of the educts is
‘added to the second stage after just slight heating, or even 35w thout
'heating. Therexanbhecrdugi &3areecheadsast ty-siheinreacidnanTientiraihpyeacet.eased in
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' second st ag&ean gt 4 fstinlpttane withe Empergisies 85¢ ¢ 1p AR ICRMIMiIPe R BIC:t ages usi ng
slightly heatediner col d educts. For exanple, EP O 583 063 Bl descri bes
the two-stage introduction of TiCl4 into the reactor, 5TICI4 with a
tenperature of at |east 450 C and mixed with AIC13 is fed into the hot

| oxygen st r dapmgthod agcordgip 9 R BE52 WG wiakes RiOIkaRSRTEE AENDTICBARPEC to 400 C
cand Wi t houtadddGh Bvottagas, burldd@e dxiided! The BBRcHVE bhbid maeeo fsdiffagivé ol @ 852 568

! Bl makes prt}%vﬁwgaln%;pgﬁiclg (s).itze,%mi %ug mhemnr% 04 tﬁeqié)zepigment base material. In this
. case, TiCl, vapour with a temperature of roughly 400 °C is initially introduced into an oxygen
stream with a temperature of roughly 950 °C. Formation of the TiO, particles and particle
growth take place in the downstream reaction zone. Less highly heated TiCl, vapour (approx.
15 180 °C) is added at a second inlet. Oxygen with a temperature between 25 °C and 1,040 °C
is infroduced at the second inlet, the temperature of the mixture being sufficient to initiate the

reaction.

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 previausly 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 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 TiCl, 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 TiCl; and O, where
i gaseous TiCl, is fed into the reactor in the first stage, and liquid TiCls in the second stage.

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



10 added In two stages, but al so the oxygen. The objective of this nethod
I's effective control of the nean Ti Q2 particle size, and thus of the tone
of the T102 pignment base material. In this case, TiCl4 vapour with a
tenperature of roughly 400 Cis initially introduced into an oxygen stream
with a tenperature of roughly 950 'C. Formation of the TiQ2 particles and
particle gramgpnwwake place in the dowpstreamreacti on zone. Less highly
heat ed Ti Cl14 vapour (approx. 15 180 C) is added at a second inlet. Oxygen
with a tenperature between 25 C and 1,040 Cis introduced at the second
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20  de-superheating — as described in US 6,387,347 B1 and US 2008/0075654 A1. Yet, in the
end the increase of the mean particie size must be counteracted by Increased addition of KCI
or ancther growth inhibitor. However, these inhibitors are highly corrosive, resulting in

increased corrosion of the equipment and a greater maintenance effort.

25
Object and brief description of the invention

The object of the present invention is to create a muiti-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



5 stages. This effect can probably be explained as follows: two conpeting
reacti on pat hways are possi ble when reacting Ti Cl4 and oxygen. On the one
hand, TiCl4 and 02 can react with each other directly in the gas phase
(honbgeneous gas-phase reaction), as a result of which TiQ nvol ecul es are
formed that grow into particles by colliding and sintering with each other.
On the ot hey, déa apgd, TiCl4 can attach itself to the surface of existing Ti Q2
particles and react 10 with oxygen there to form Ti02. This second reaction
pat hway does not lead to the formation of new particles, but to an increase
in the size otf exj stltanQartlces%s &surf ace reaction). The former mechani sm
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vel ocity ofpethgiiguhagRedtgdcti on nmay be decreased so that the nean particle
size increases to a | esser degree by lowering the tenperature of the
reactants (TiCl4, 02) in one split stream by 20 de-superheating - as
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20  particularly 20 to 200.

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 TiCls, 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



TG 202 WA containing the initial TiO2 particles in a second stage. Further
advant ageous enbodi nents of the invention are described in the sub-clains.
5 Description of the invention The nmethod according to the invention
differs fromthe known nulti-stage chloride processes for nmanufacturing
titaniumdioxide in that the T1ClI4 is introduced Into the oxidation reactor
in toliquidgepmdn a first stage andsin gaseous formin a second stage. In
the first stage, the liquid TiCl4 is reacted with an excess of preheated
oxygen, as a result of which the liquid TICI4 ignites even in cold form
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Examples

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

' TICl, 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 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 TiCl,-AiCl; 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:
Ta 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
TiCl4 reacts with a small proportion of the oxygen, forming very fine TiOz and chiorine 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 TiCls-AlCl; gas stream



30unheated gas with a tenperature of roughly 25 C. In this context,
attention nust be paid to ensuring that all the TiCl4 added is reacted into
T102. Conpared to conventional two-stage or mnulti-stage oxidation of TiCl4,
the particles forned by the nethod according to the invention are finer. In
the conventional nulti-stage nmethods |i ke 35e.g. US 2008/ 0075654 Al the

Ti R particlhezasivee is i nfluenced by asthermal effect in that the surface
growh of the TiQ2 particles is slowed down by a | ower tenperature. Yet the
present TG 202 WX nethod is characterized in that in the first stage only
‘nuclei are fQrEReh WOhGRxREE, (G%ind GRS afd diriad ?asi, AhdrbiBe TES 086 texirstatdgen st age.
'The smaller particle siZze is possibly also favoured by the fact that the

i nj ected TI &YESEF 8PFERENHI% " or e horpgeneously mixed into the oxygen-

cont ai ni ng Gasmisturee@gastandiiCa isTia&kd infrasthirdsectionraé tha irbulef reggipre Whete honogeneous
gas- phase SyRAGHYHAMnEANY dxMihGRE L Ak Rke gy o5 *Thet makhigdd aetkdi ng to

the invention offers the possibility, to ertain tent, of controlling
t he mean’® paPeFigf ePnseeylvey 'Ph[eﬁ%twgﬁge%{s&%@a?agiyggtgef-ﬁtgféfﬁ%anaﬁ%{ﬂﬂet y of liquid
TICl 4 |In theecbidsdgeshagect tiGompaPeehdtablodmraeerft TionsuficientvHe éor upr @4 se setting

of a parti cyli@higRRhiit Sd:8nadilid §istWdg evEOHRBILY Ji8Rg BRIrtK&elgradith Phib®r. gr owt h
inhibitor, or at least a smaller quantity. This al so reduces the

mai nt enance effort for the reactor facility. Exanples 15
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.



The follow ng exanples are intended for further explanation of the
invention and are not intended to restrict the invention in any way.

Exanpl e 1: 20To manufacture 10 t/h Ti Q2 pignment, 3,500 Nrri 3/ 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 TIClI4 reacts with a small
proportion of the oxygen, formng very fine TIQ2 and chlorine gas. 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 TICI4 with a tenperature of 450
C are introduced. A 25 quantity of 1,5%by weight AICa is adm xed into
This Ti Cl4 stream The Ti Cl4- Al C13 gﬁwggr eamreacts with the hot oxygen,
formng Ti2 and chlorine gas, wher Ti2 fromthe first stage serves
as a nucleating agent. A TiQ2 sufficiently fine for use as a white pignent

i s obtained i p{d Y@ymar%fg&u?"ﬁé @%ﬁun@%% BarftlHI"eEWré%ﬁH‘é WitdrpthPi tor. 30

Exanpl e 2: To manufacture g 0X gen are
heated to felEhlatidg vy f‘f%’éjq2r?98taéﬂ"ﬁgjﬂﬁ$& ,t%tgggror,eactgblyﬁ@g a Qwi G688 1 quid
Ti C a are inngteed esmpindieg:t he oxygen stream The T1Cl4 reacts with a small
proportion of t Y g very fine Ti 2 and chl orine The

m xture of oxyg d'"@HaBﬁ-ﬂéB‘ aﬁrége%/tgd PRYGRY PR g %%%%Fﬁ?’gg\:@ on of the
t ubul ar  35reActRk of att8cthiodBrm 2 da/sfkugmco-ﬁtﬁlﬂgMMQ O} paRiefeat ure of
450 C are introduced. A quantity 5% b %%Hﬁs’f ht Al C13 is adm xed into

this TiCl4 str eWﬁ?r%@eﬂ@ﬁﬂmﬂgd@ZgE@s'ﬂﬁ Fleoeipowratertipatakowli t h t he
hot oxygen, formm g fg}e %Bge&ﬁ ﬂb‘l,ﬂﬁiﬁ‘-%ﬁé ga¥"@§§ O%Bﬁ il ﬁ&’@?ab@e first

stage serves as a nuc agent e m xtur gas an I's passed
Into a third secftmemeaﬂ’tort he tubuI ar reactor, where

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;: TiCly 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.



700 Nrn% unheated oxygen with a tenperature of roughly 25C and 12 tfh
liquid TICI4 are 5injected consecutively. These two streans are heal ed by
the gas-solid streamfromthe second stage and react to form Ti Q2 and
chlorine gas. A TiQ2 sufficiently fine for use as a white pignent Is
obtained in this way, even wi thout adding a further growth inhibitor.
Conpared to Exanple 1, the enbodinment In this exanple is particularly
advantageous in that it saves energy becaguse only part of the oxygen and
Ti Cl 4 requires preheating. The oxygen and Tick streans added In the third
section of the reactor are heated with the help of the heat of reaction
rel eased i rg.sTiagesthbdasidi@m 7, Avi(drdinNBe noldx nagd bO@.f TE e &t stageg
titani um dioxide particles by reacting titaniumtetrachloride with an 02
cont ai ni ng '@5'9"1 oyt P RIPBRUL289¢t or using a mul ti - st age nethod conpri sing:
feeding liquid TiCl4 into a preheated, oxygen-containing gas streamin a

first stage ofnAnf8RRCILE FORMAIDAS SHIBEAS! B GPMGH Ribristiddsal Ti O

particles; wherein the np irst stage is

great er t hatealiiFeacndaslao? cadi gryeqas eblisuiti ek 'P H’Etﬂ’qqq@ a9 du&pehsion in

a second st@agefthe b€of @36 PFther #agddle nethod of Caim 1, wherein the nolar
ratio of 02: TiCl4 in the first stage is at |east 10. 3. The met hod of

Claim 1, wherein the nolar ratio of 02: TiCl4 in the first stage is from
about 20 t dl0afbetm&60d of ZlaiMefunbehoumpisig @mitnedacinglaehnaatekdeoxygact or has

one or Mo &ohiihe haSkRIBEILALISHE Hil BRGANK 1R Aidesiagd gaseous or i quid

TiCl4 is intro Into at | east one o e one or nore further stages.

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

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

12. 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 TiCls 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 TiCl4 is introduced into at
least one of the one or more further stages.



5. The method of Claim1 further conprising introducing an
oxygen-containing gas into at |east one stage followng the first stage.

6. The nethod of Claimb5 wherein the oxygen-containing gas introduced into
at | east one stage followng the first stage is unheated. 7. The method of
Caim1l1, wherein the liquid TiCl4 fed into the first stage is at nobst about
20% of total TiCl4 fed into all the stages of the reactor. 7a 8. The

met hod of Claim7, wherein the nolar ratjyp of 02: TiCl4 in the first stage
is fromabout 20 to about 200. 9. The nethod of Claim?7, wherein the
reactor has one or nore further stages after, the second stagﬁhand gaseous

or |iquid T8I The $nethed cfuekimi hb ofughen caePrighe BIOFYRNG D RBeE furt her
st ages. 1(bxy§é}ﬁcém5ih9§_ghfs ot Babt bhe 586 FARWRTY 1Bk Migstistdeoduci ng an
unheat ed oxygen-containing gas into at | east one stage following the first
stage. 11. The nmethod of G aim1l, wherein the liquid TiCl4 fed into the
first stage is at nost about 10% of total T1Cl4 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 nethod 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 of Caim1l1l further

conpri sing introduci ng an unheat ed oxygen-contai ning gas into at |east one
stage followng the first stage. 15. The nmethod of Caim1l, wherein the
liquid TiCl4 fed into the first stage is at nost about 2% of total TiCl4
fed into all the stages of the reactor. 16. The method of C aim 15,
wherein the nolar ratio of 02: TiCl4 in the first stage is fromabout 20 to
about 200. 17. The nethod of O 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 18. The method of C aim 15 further conprising introducing an unheated
‘oxygen-containing gas into at |east one stage followi ng the first stage.
'Abstract The invention relates to manufacturi ng titani um di oxi de by
loxidising titaniumtetrachloride by a multi-stage nethod, where |iquid

‘ti taniumtetrachloride Is used in a first and gaseous ti tani um

tetrachl ori deadssyaised in a second stage. The process is energetically nore
‘favourabl e and offers the possibility, to a certain extent, or controlling
‘the nmean particle size of the end product.

| Abstract

The invention relates to manufacturing titanium dioxide by oxidising titanium tetrachloride by
a multi-stage method, where liquid titanium tetrachloride is used In a first and gaseous

5 titantum tetrachloride 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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