1 Method for producing titanium dioxide Field of tripo invention The invention relates to the
manufacture of titanium dioxide by oxidation of titanium tetrachloride, Where liquid titanium
tetrachloride is used, 10 Technological background of the invention In one of the commercially
used methods for manufacturing titanium dioxide pigment particles, known as the chloride

process, titanium tetrachloride §E&HAl-SEga qj ith an.. +? oxidising gas, such as oxygen,
air, etc., and with certain additives in a plugﬁf?wlyréggo% Ba?dHﬁ tfih 4f€ dioxide and chlorine

gas: TCL: + 02 -> Ti02 + 2 C'2 The T02 particles are subsequently separated from the
chlorine gas. Known additives are A013 as a rutilsing agent and steam or alkali snits as a
nucleating:rge ot tHeQyvisigEp, the high activation energy of TIC":A oxidation, the educts must be
heated to such a degree that an adiabatic mixed temperature of the educts of approx. 806 %
is reached before the onset of the reaction so that the reaction takes place compietely, The
oxidation Teadtientismighijesxotiermahuraeanines m_ahquﬂgw;@gqu;%g%d%dé@la%ﬁum
conversiom e SERSIALE gL G AIRANGL USRI = feughly 900 € ighet than hat Ofthe

educts. Before 25 the Ti02 particles are separate aseous reaction products with
the help of a filter, this mixture has to be substantially cooled in a cooling section in order to
avoitbdamage to the filter. According to US 3,615,202, oxygen and TCl44 are preheated and

subsequeptly,Galsed 19 react in a plug flow reactor. Since the full quantities of the educts are
in each cm%a’m%;ﬁrﬁé&%@ﬂ reactor, this can be referred to as a
single-stage method. Similarly. EP 0 427 878 131 discloses a single-stage method in which

oxygen islineatesk tad Q4 ; ' ' ixed with Ti.iarAlCI3 vapour having a
temperatyre of %ﬂ%{a r?gﬁ hé%g%%ee%%%é @bgé%%aﬁ%% SUACHG ST B BtHReRks

royghl
because, rgferyeesdlif%cf 8 980308 RIS prRSor iRty eeceibrde Tiighly re60186!Htthermal
reaction enéhginisaashseqghiestiyygen, air, etc., and with certain additives in a plug flow reactor to
form titanium dioxide and chiorine gas:

TiCly + O, > TiO, + 2 Cl,
The TiO; particles are subsequently separated from the chlorine gas. Known additives are
AICl5 as a rutilising agent and steam or alkali salts as a nucleating agent.

20 Owing to the high activation energy of TiCl, oxidation, the educts must be heated to such a
degree that an adiabatic mixed temperature of the educts of approx. 800 °C is reached
before the onset of the reaction so that the reaction takes place completely. The oxidation
reaction is highly exothermal, meaning that, following complete, adiabatic conversion, the
temperature of the product stream is roughly 800 °C higher than that of the educts. Before

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

According to US 3,615,202, oxygen and TiCl, are preheated and subsequently caused to

30 reactin a plug flow reactor. Since the full quantities of the educts are in each case added at
one point of the plug flow reactor, this can be referred to as a single-stage method. Similarly,
EP 0427 878 B1 discloses a single-stage method in which oxygen is heated to roughly
1,500 °C to 1,650 °C and mixed with TiCl4/AICI; vapour having a temperature of roughly 450
°C. The process is energetically unsatisfactory in both cases because, referred to the 100%

35 energy input for heating the educts, roughly 160 % thermal reaction energy is subsequently
released. Roughly 210 % thermal energy then has to be dissipated from the hot product



released, Roughly 210 % thermal energy then has to be dissipated from the hot Product 2
stream in the cooling section. The substantial reactioh enthalpy is thus not used for activating
the reaction, but transferred to the cooling-water system. In the single-stage method
according¥656@d616, 628liMitedtiantrobe setstanaxialy@iod Hienagly & exyoabt CRBERBI KL HARIng

is introduagd ially 4 r -TICI, is introduced in gaseous or liquid form.
tanaRialy iRAsHaR 4836 1Rk %&glgds%lgr 9 q

For the purpose of energetic optimisation, 63 5T describes two-stage introduction
of T Cl4 into the reactor. TiC14 with a temperature of at least 450 C and mixed with AICI;i is

ire Zeo% intd we e isgagestenaiadichinisicniptoane TG Wi aiemre 2l A Rbh o
to 40 t urther in oint.. The method according to EP 0

provides f%gﬁ o%%%f@%e% ?8 'Qé%%l eeae Hﬁ%&t' N8 Kl "4R0IheT BRyGEh. RiadErsthia
object of S PRE I isHestive control of the s mean T02 particle size, and thus of the tone

of the TiO2 pigment base material. In this case, T C14 vapour having a temperature of
roughly 4Q0 (E is first fed into an oxygen stream with a temperature of roughly 950 'C, The

i
Ti02 partiCls A HPIRSC P SHCRPHFURAHORKER (iS008 b drswitbeshia-sdaationiradnetion
‘CI').CL; vagufiﬁeamttmadesmgEﬂemiﬂgsg%mé&%jéé&ﬁ%ﬂ@é@@@b%@%@fgﬂ%iﬁ@wm'Rlé:!s s
Xygen : n n 10 ... C s introduced at the second inlet
point, the tfﬁﬁﬁ%ﬁg ﬁ%&%rﬁ%ﬁ%ﬁ r?gﬂgsua?iqc?gmj th’_iﬁri}?aC[ég‘tlhév F@fcf%ﬁpqrﬁéufﬁﬁfi%ftggg to
method a8@8rdi@NHWiISas AT 4 adutiriénal posetid to reduce agglomeration. To this end,

the previously heated T'iCi4 stream is split into two part streams before addition to the
reactor. Oﬂﬁ stream is oxidised in the first stage of the reactor. The second portt stream
is cooled by w?ﬁe%’ﬂ%n %%?qrﬂﬁﬂg?fbgg (é]g%% BEPHRLARYIFRIthaRt apbidhad Bl tehetsrded in two
De-superfEgfag tikels ptheemgsitdthesreactos, dhie teotpaEats 6ots falling Relowhef the
condensatieaAamnesatiEe: %fz@,eaﬂé!‘?ﬁ%@ 70172414 Al discloses a multj-stags :
method far fhe reacettigon of T CL and 02 in6 ?v%?ﬁ#é%ég‘%g ﬁ&:ﬂg@ gbtfjblﬁ?g méﬁ?éﬁ’ét gh’? se,
first stage, ard ARAH FREDYIA IRRRIabHE Sty thdiradrpeteditstemergyysmvingsandvith a
improvententpefsheeaf tiolgysig@5angeThe TiO, particles are formed, and particle growth takes

place, in the downstream reaction zone. TiCly vapour heated to a lesser extent (approx. 180
°C) is added at a second inlet point. Oxygen having a temperature between 25 °C and 1,040

20 °Cis introduced at the second inlet point, the temperature of the mixture being sufficient to
initiate the reaction.

The muiti-stage method according to US 6,387,347 is additionally said to reduce
agglomeration. To this end, the previously heated TiCl, stream is split into two part streams

25 before addition to the reactor. One part stream is oxidised in the first stage of the reactor.
The second part stream is cooled by injection of liquid TiCl, (de-superheating) and then
added to the reactor. De-superheating takes place outside the reactor, the temperature not
falling below the condensation temperature of the overall stream.

30 US 2007/0172414 A1 discloses a multi-stage method for the reaction of TiCl, and O, in

which gaseous TiCl, is fed into the reactor in the first stage, and liquid TiCl, in the second

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

35 Object and summary of the invention




------------ 3 The object of the present invention is t@ create a method for manufacturing
titanium dioxide by oxidation of titanium tetrachloride that permits further energy savings
compared to the methods known from the prior art. The object is solved by a method for
manufactifPRiSH O PiRRe piricletonyis éactiraje titamitimdetrashlariee:wity Atnium dioxide
oxygen-canytaiiadigastiftaRIHtEeNERRARIOtHMNRISIR q jtanium. tetrachloride is introduced
into the reﬂg{ﬁ&iﬁ % ‘I)eans¥ two ggges and is us&j%’ efcstfusglr\gt%/n%% |r ié %'rn ,Sa?g 'W%ﬂrgg tﬂ’?e
titanium dioxide particles RIhY fﬁﬁreﬂrhccording to this method. Further advantageous
embodiments of the invention are described in the sub-claims. Brief description of the
Iravdirgs Tihe fpflewiagdiguses,se ter understanding and for advantageous
embodiments, ofJ the inven_tJiigor??.Figl(%ég{j ?%ﬂg%ar%farﬁqé{@ﬂIﬁgﬂpﬁmﬁ'&(g%ﬁﬂtﬁﬁ? Ryare8Fting
having a SAGIETIRIATY I andhan patesiecentaipiaga sy pehpefidicotactortivenemter line of

the reactdheRiguniar? tesigeniigeql thedeasian BN KL Eigure-1 1ouie.Sdiagrammatc, .

iIIustratio%Q&gsR{éﬁ% |fr|1 Wﬂt?fftor having a hollow-core cluster head nozzle. Figure 4: enlarged
view of the nozzle Showh 1h EIGufE YErgRRY S%ilgrimnitidnraritlos raphtinetvacsasting
having thfgdhstrigRittedd nozzles, aligned radially to the circumference of the reactor and
parallel to a plane lying perpendicular to the center line of the reactor. Figure 6: diagrammatic
iIIustrativeFof a plug flow reactor having three single fluid nozzles; aligned tangentially to the
circu mfereH@B%ﬁﬁ@%@&%@ﬁa‘%ﬁ’ﬁﬂ@ﬂ@ of Pranevigmhign peepderdicotalitothiess sbnteirtiae of

the reactor. Descri Barr ¢ he invention The method according to the invention differs from the
aforementioned single-stage or multi- stage chloride processes for manufacturing titanium

dioxide From the prior art in that the TiCl4
Brief description of the drawings

The following figures serve for a better understanding and for advantageous embodiments of
the invention:

Figure 1 : diagrammatic illustration of a plug flow reactor having a single fluid nozzle, aligned
parallel to a plane lying perpendicular to the center line of the reactor.

Figure 2 : side view of the reactor shown in Figure 1.

Figure 3 : diagrammatic illustration of a plug flow reactor having a hollow-core cluster head
nozzle.

Figure 4. enlarged view of the nozzle shown in Figure 3,

Figure 5: diagrammatic illustrative of a plug flow reactor having three single fluid nozzles,

aligned radially to the circumference of the reactor and parallel to a plane lying perpendicular
to the center line of the reactor.

Figure 6: diagrammatic illustrative of a plug flow reactor having three single fluid nozzles,
aligned tangentially to the circumference of the reactor and parallel to a plane lying
perpendicular to the center line of the reactor,

Description of the invention

20)

The method according to the invention differs from the aforementioned single-stage or multi-
stage chloride processes for manufacturing titanium dioxide from the prior art in that the TiCl,

is introduced into the oxidation reactor in at least two stages and exclusively in liquid form,



is introduced into the oxidation reactor in at least twg stages and exclusively in liquid form, 4

In this context, the total quantity of liquid T1CIl4 used is split up In several stages in that way,

that only a small quantity is added in the first stage in order to start combustion despite using

the liquid phase. In the first phase, the activation energy required is provided solely via the

preheatedrotygeontexalirether stagast e Reiyation eneraydsipipvided Ry P

oxygen a%{%yggm ler&tahn ‘gf\/i o; I \ cﬁ in ":t%e upstregﬂﬁég%;@%évﬁ Y,
[ e

Ci4 oxidation release _
developing the method, itis 0 ﬁtraqﬁgplgr PUBHFAYRATRISIIR FSroBRss§asHespits using
result of iNfECtt aeecssive frabphiapafttiquictiViBbh intergnecof ihal #agesidBA HBFIE the

indicationppéndaesaendhe feact | or die out is provided by th
calculated adiabatic ﬁ]}%%d ?epr%ﬂp))%trg%dr%ggfé g}ﬁg%@ lﬁ? %’Heépgg%égi%c%@% tﬁ’e‘ﬁ)%@ 'E?(l?%e%tt%qt

of the reactioh. Expelisrcd Ul thalpiel fiGhtrricaliesplaresedmibleteds tranmmetages. an
adiabatic mixed temperature of approx. 740 C. On this basis, the person skilled in the art can
easily defipgdhadVdBBer ks required and the distribution of the TiCl4 among these
stages. Surprisingly, t%egc@om%ﬁi?%?&éssoaggggﬁqﬂ' Oﬂt?é' AtG wRAULAdIRORD e ticgyished
purely in dRBitPFGHTT EipkBGRIBIRSH MatiBniyehbnuikTTiGIpiytgemprshrataddogqughly

1,600 QGsfieutivalsadicatien ssingpaheatas ' ratyre;in the range fro
roughly 765(% §a¥8u#t890 é: In the Jatter casegﬁgmls%%gtd% ?c?rl%%gt#gr?é 8)%/5@%@@4% y
with an auxiliary Harie: é?&_a\fz{ﬁtﬂq%?ﬂeéﬁ@_p,&rﬁjWﬁé}fé’H%{@gMhm@gge@h@ versiphablewes
chlorine SR @PEGAANicHFoteerise siuoussiduerio faionationket HGLEWERBIOLIENBwards of

bustign.adi i inventi der the condit
indicated 1 35'9%%"“‘30?52?2%%@%3%@? e T RS Sl oRa e ar

the invention STHe FBRIBR BRI A8 Fassdisrcomedstrydizidolition of tresBitlsaRiChd ifese
accordangegeith the prior art (EP 0 427 878 81)": Example 1 Examp e 2 Reference Na of
stages 25 1 U;, temperature upstream

Surprisingly, the chloride process according to the invention, with addition of TiCl, purely in
liquid form, can be performed not only when using oxygen preheated to roughly 1,600 °C, but
also when using preheated oxygen having a temperature in the range from roughly 740 °C to

20 1,000 °C. In the latter case, there is no need for additional oxygen heating with an auxiliary
flame, e.g. with toluene. A further advantage of the second version is lower chlorine

consumption, which otherwise occurs due to formation of HCI during toluene combustion.

The method according to the invention can be performed under the conditions indicated in
Examples 1 and 2, below, although this list is in no way intended to restrict the invention. The

Reference Example is based on one-stage addition of gaseous TiCl, in accordance with the
prior art (EP 0 427 878 B1):

" Example 1 Example 2 Reference
No. of stages 2 5 1
O, temperature upstream
of reaction zone (°C) 1,650 920 1,650
Toluene demand (kg/h) 110 0 110
35 Cl consumption due to
HCI formation (kg/h) 340 0 340
TiCly (/h) for 1st stage 9.1 1.2 24.0

2nd stage 14._9 29 i



of reaction zone ; C) 1,650 920 1,550 Toluene demgand (kg/h) 110 0 110 CI consumption due
to NCI formation (kg;h) 340 0 340 TiCl4(tfh) for 111 st stage 0.1 1.2 24.0 2nd stage 14.9 2.9
5 3rd stage 43 4th stage -. :..5 5th stage The method according to the invention offers
several advantages comfSafé&adieo the addition of gaseous TV,: The enegyy and apparatus .
required for evaporatin &3¢ are eliminated. m Because of the higlé snomentum of the .
injected liquid droplets, HES1362 can be dispersed more efficiently wheér added in liquid form,
this making it possible to create more homogeneous reaction conditions. in the multi-stave

method, mikingetitdretatveiygoiolthe duairindh efaas e RBr-EAes 6O MIRPHS A SRGRSIOWESS of
the adiab tégégggq(p@|4t_emperature, meaning that the sintering process, i.e. particle growth, is
completed sooner. This reduces the content of coarse particles in the pigment. Figures 1 to 6

show exemplary EifiS68iigieArs chrrsdhuermtioirBiturespaaths SRoWG,piHg cfiomserctor

(10). The introdugl liguid TiGl. is pe ed e.g. through nozzle which are
aligned around th_eecéipcgué nﬁg:%n-@@ Qﬁéﬁgrg%@oéﬁ%]){w&gﬁé ﬁﬁ'gfg@ﬁa?fzﬁﬁ'@éﬁﬁfz%‘ iffo
small droplets (15 $R5% 216 ELo dRatreprRIEad drdieicdvitinm thie nezdtorit(@0)siithautreate
hitting the walls ofreactondd&ebiguea didlstiatemHRe direction (18) of the gas flow within the

reactor (10). Nozzl is preferably enveloped effectively by a protective gas (20)
additionally irﬁlro%ﬁu%eéﬁ%@'%a ?e@%%?ﬁ@}"ﬂggﬁﬁ'&? {6l ekhg st indlmeerrar sofdyrtied

thermal damageQ¥ e 2 diduwers ihesicitbatitnzzletichAealignet parabehing aplane
lying perpendicutart¥riadippoesstel ANsAde iRl Q- completed sooner. This reduces the content
of coarse particles in the pigment.
15
Figures 1 to 6 show exemplary embodiments of the invention. Figures 1 and 2 show a plug
flow reactor (10). The introduction of liquid TiCl, (14) is performed e.g. through nozzles (12)
which are aligned around the circumference of the reactor (10). The liquid TiCl, (14) is
atornized into small droplets (16) by nozzle (12), the droplets evaporate within the reactor
20 (10) without hitting the walls of reactor (10). Figure 2 illustrates the direction (18) of the gas
flow within the reactor (10). Nozzle (12) is preferably enveloped effectively by a protective
gas (20) additionally introduced into the reactor (10) in order to prevent any accumulation of
solids and thermal damage to nozzle (12). Figure 1 illustrates nozzle (12) aligned parallel to
a plane lying perpendicularly to the center line of reactor (10).

Figures 3 and 4 show a preferable embodiment of the invention, wherein a hollow cone
cluster head nozzle (22) is used which atomizes the introduced TiCl, (14) into smaller size
droplets (24) in comparison to the single fluid nozzle (12). In another embodiment of the
invention two fluid nozzles are used instead of the single fluid nozzles (12) and (22), where a
30 ligquid like TiCl, and a gas (propeliant), can be introduced simultaneously into the reactor (10).

As a propellant one gas or a mixture of the gases from the group comprising nitrogen, argon,
chlorine gas and oxygen may be used.

Figure 5 shows an embodiment of the invention wherein the nozzles (12) are aligned radially
35 to the circumference of reactor (10) and parallel to a plane lying perpendicular to the center

line of the reactor (10). Liquid TiCl, (14) is introduced through the nozzles (12) into the
reactor (10) and atomized.



Figures 13 and 4 show a preferable embodiment of éhe invention, wherein a hollow cone
cluster head nozzle (22) is used which atomizes the introduced TiCl. (‘14) into smaller size
droplets (24) in comparison to the single fluid nozzle (12), in another embodiment of the
invention two fluid nozzles are used instead of the single fluid nozzles (12) and (22), where a

liquid like Figi drehavetasf(prepelarthisants iRy ﬁﬂ}é‘ﬁﬁgrﬁmgpéﬂ%é'ﬂ&ﬂeo tg%react Ir%ﬂed
nitrS

('10). As & ntP or.a mixture of the gases from the group comprisi
argon, chl orlﬁr‘tée‘:‘g%ﬂsyang’ o%fl?’ggejrnt1 fzrinray E@@Jeﬁ Bir&18)pRea 3rP'€ﬁﬂ)t¥mﬁtéﬁWﬂ’téU|ar to the

invention GHEPEIRERS Hisy eester ) %)ré-allt@;hédl‘tadllad)ystmttbd@é@ﬂﬁﬂ‘@@ﬁ@ﬁe%d@ﬁé&o @9hto
and paraliéktesadabanedy i ResRendic e reactor (10), Li tiTICM
(14)is mtw(ﬁijceg th?ouy egh%%rfozzles Blll%l%l)rﬁ%g gaéggé@?ﬁé}? é%”d%%‘%é%#‘%s ?:%% faedlow
shows a flir ﬁwrﬁga APOEtRR iRVt MBlRieRY thisnte- st erekiigratasive particles
tangentialiyttedtived irduritfereaceof ihesersianiaOaneinapane s @esreadicy] t6° %? art
center lingsgf g ygactor (10), Liquid T 0 :4 (14) Is introduced through the nozz es (12)

the reactor (10) and atomized. Clue to the tangential orientation of the nozzles (12} the flow
within the reactor (10) is set in rotary motion, By this. the distribution of the abrasive partlcles

introduced'tistprifutidgastantle) e siepadthesi r dln
is mprove&i c? he Practi b??xa{Bé)lesf%gg%rﬁgsch%r%@n%%%égg@lBﬁe emb %egotlgn[ not

invention Qi R Po%?er?g JHEHGthEanesmmsle tow éﬁéﬁﬂ'ﬁlww@pmna%am
optionallyCarserieesripiseisltien afiditlan tdetmilissr o ihsxinessanrekillechinthaass & adgitiyes,for
rutilisatione (8- 33 asidfedi | ).in the reaction zone. Furthermore,
the presept?}ventlc% comprlseéldg%%{((\)é éﬁ%@ c% Fhai ‘#}%O(}a N & Fised by multistage
addition of SXYQEIT'S BE RIRFSMIBHSSUIBCRMBPIFEE EmMAgdiitenismfdiexidetpadtitiesbierised by
reacting ;itadistag estcaitidoridexytibran oxygen-containing gas in a plug flow reactor.
characterised



in that the ttanium tetrachloride is introduced into th? reactor in at least two stages and is
used exclusively in liquid form. tt? Method of Claim 1, characterised in that the titanium
tetrachloride is introduced by sngle-fluid nozzles, oarticularly by hollow-cone cluster-head
nozzles, t5 3. Method of Claim 1, characterised in that the titanium tetrachloride is introduced
by two-fluid nozzles. 4. Method of Claim 3, characterised in that a propeVant selectee; fro'n
the group comprising nitrogen, argon, chlorine ga@-&*% mixtures thereof is used. Method of
any of Claims 2 to 4, characterised in that the nozzles are enveloped by a protective gas, 25
6. Method of any of Claims 2 to 5, characterised in that the nozzles are aligned parallel to a
plane_lying perpendicularly to the centre line of the reactor. Method of Claim 6, characterised
in that $0 the nbzzId4eihetfigiaarntsiagting ftenite diogits fereiutes dfytheartiagtotanfuriethod

of any of Claims 1 teefraghryiaderigedini 1 IS, pr: rature of u
to roughly 1,600 G, .prgg‘ﬁerably to a tempe?g%ﬁ:go m%]geﬁ r@a%%@r%erﬁ ?gﬁ%@%@%ﬁ {0 if%??S” .d

35 Titanium dioxide'Ba (t:Ies manufactured by the method of any of Claims 1 to F3.

the titanium tetrachloride is introduced into the reactor in at least two stages and

is used exclusively in liquid form,
10

2. Method of Claim 1, characterised in that

the titanium tetrachloride is introduced by single-fluid nozzles, particularly by
hollow-cone cluster-head nozzles.

15 3. Method of Claim 1, characterised in that

the titanium tetrachioride is introduced by two-fluid nozzles.

4. Method of Claim 3, characterised in that

a propellant selected from the group comprising nitrogen, argon, chlorine gas or
20 mixtures thereof is used.

5. Method of any of Claims 2 to 4, characterised in that
the nozzles are enveloped by a protective gas.

25 6. Method of any of Claims 2 to 5, characterised in that

the nozzles are aligned parallel to a plane lying perpendicularly to the centre line
of the reactor.

7. Method of Claim 6, characterised in that

30 the nozzles are aligned tangentially o the circumference of the reactor.

8. Method of any of Claims 1 to 7, characterised in that

the oxygen is preheated to a temperature of up to roughly 1,600 °C, preferably to

a temperature in the range from roughly 740 °C to 1,000 °C.
35

9. Titanium dioxide particles manufactured by the method of any of Claims 1 to 8.



