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1 Method for manufacturing titanium di oxi de by
oxidising titaniumtetrachloride 5 Field of the
invention The invention relates to the manufacture of
titani um di oxi de by oxidising titanium tetrachloride
and subsequently cooling the titani um di oxi de
particle/gas mxture in a cooling section, where the
as/particle flow is caused t. otate., 10., . .
RHdPoERBAachIa HaRm st by soifising itanium tetrachioride

commercially applied nethod for manufacturing titanium
di oxi de pignent, known as the 15 chloride process, is
based on titaniumtetrachloride (TiC 4) being

Field 60MR¥ @Rt Nto titani um dioxide and chlorine gas in a
tubul ar reactor using a preheated, oxidising gas, such
as oxygen, air, etc., and certain additives. The

The iPéhfiat tetled RaBE henufstdie ghlitdniaxatihedabcoxideagititghiurh hat

e reaction m xture displays tenperatur of re. .
tetrach e 308 60EareT HORPINE BB ore STRgr et e TS i a cooling
sectichpWhSIertR@ ghs/paditienosa9bangdseestaen, the Ti O2 pi gnent

particles fornmed are 20 cool ed to bel ow roughly 400 C
and separated fromthe gas flow Cooling directly
after the conpletion of particle formati on nust take

| ace rapidly in order to prevent further particle
Iﬁg@gﬂ%ﬂ%ﬂLﬁggmﬂﬁﬂéﬁgﬁ%@ﬂgﬁgmtubular reactor or the
reactor cooling section is externally cooled with
water fromthis int_on ds. However,..the transfer
A congfergially ape)lep fpetaBOId A Wiacar b 4 RUIE Alokiyei gy as the
chioritid erozesd) mubaded @n titabura ftetiddbdrige gNEn] bgiag tboleetsddmto titemium
' ul ar reactor

dioxidg G PG 8Bt o O BTG 6 oD 5T e g Brusvch as
oxyges0birdstc.as8d tartainadtiedsi Th@okitketioneaadtion i€bighlyrgothermic, meaning
o s e SRS s oL TROE gy ot
conveTﬁen._Slﬁléuimw@iréajﬁ rétsgst do?Iirtgjisi;@éiprattﬁélfri%rmgm?ﬁtgﬁ[lr_ﬁcg formed are
rticles, su artz. s of aggre ,
coolef 3 bri G A e o e S0 sBGDY 60 TBe % nagrer e
comphetion dhigaridle tymaobh dmisbake pGe ratidlp thuaredr fondreveritéurther particle
ot 2R PR B SRR e B

waterdonuthisspdinidswaegs.n to concentrate in the |ower

ionef L Re o R s ST FLEB DB B 50 s
of TiCagtipaent Whrtickestoni tse ameawel of the timdemeaabd oritse tdzatawghling
s, 820 Bl BELEFA N BB o VBT o e 25l o
sectiondot thisgeadort, ith gasinsusipe nsdeaching pigmedeapcatrelating cortde inner
walls.i \ég{ct&ﬂsgl%q%gg B%egdcl?wﬁgilg%\é?en? grf‘ef éb%?n% pg'%a]és,tsru%ﬂéafs %ruar’& gand or

aggregated TiO, particles with particle sizes of roughly 0.15 to 6.35 mm. The scrub solids are

introduced intc the TiO./gas suspension at one or more points in the reactor cooling section.

Because of their weight, the scrub solids begin to concentrate in the lower one-third of the
tube circumference in the horizontat reactor cooling section just a short time after being
added. While this area of the inner wall is thoroughly cleaned of adhering pigment, the higher
areas of the circumference are insufficiently cleaned, and the cooling of the gas suspension

is inadequate. In order nevertheless to achieve sufficient heat transfer, it is standard practice
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to substantially increase the amount of scrub solids
added. This increases the burden on the systemfor
manuf act uri ng, addi ng and eI%ninating the scrub
solids, thus giving rise to higher costs for energy
consunption and nai nt enance, anong other things. 5 US

to sufsthti8inSasreBle ﬂ*@&ﬁ@@@&f eerim g stiesd. mhfsenafeése?s metburden on the
renoval of the Ti gﬁ?slts og] t he

er
SVSteWé%%’?’é?Ufé?}B’i'”%é’d%@tain ety % S éh&ﬁ@“’@%ﬁ%io higher
costs &r dr@agtconsRapidredndangiaten@hcd, Renohgatiedthiegnl i ng

section is provided with ribs that run in helical

fashion on the inner wall and serve as gui de

US 6,2l erenBks ded&ibas aasthbd edr midte @ffictdheresedviabofané TS, depesits on the

, uid through ool | n ecti [ iC flow. .

mner kO P seare el apdoa A G kL o Go g8 . Fhlees il ares

of theO@é&ér é’ooﬁ&@@ee%n o] @@bmg@wa ribe &edt aun ineelidan @mem@roune arfner wall
hel i cal eIr al |l desi

anc SPie B UECT AT e of FEHE o MR T U 5iCRems gige troush the

cooling@elctitsh inBFhelic@3@w8 T he dibs ateogstmgad aeamangié of 2° to 6°.
manuf acturing titani um di oxi de by reaction in the gas

15 phase, where part of the gaseous reaction
us 2@3@7@@3@8@ 81idssciodbs adegeel do@ng;emdnaﬂa bi/héliskioovehal] design that is said

tor. This met n on t one hand, to
to acf}'%\@uwr?vﬁe S RGN 3?19 ‘Qf'erd‘%ﬂt)@‘ tﬁg SGHP Btoﬁ ‘reactor walls
by tangential introduction of one reaction conponent
t he ot her t chieve ra orou
oe 1 3P8paf Aspr ekad B eahBeREny B4y ERRarS Y EHE g e oo
phasef iare hadofCtak |ge$le0LSVVed§¢t|oﬁloovMp)3neﬁlfh$ istnbddcet] Itzmganiaa[ly into the
ens

reactirg U G125 BYRRART G ORP LR PP L CHE AT BETT AR deposits on

the reﬁabt@vw\faﬂblmpt\aﬁgentwrﬁdod ﬁd:tm;w dfeaelseetctjorr esnperee ahd,nesthebther

nand b 26E1E 1R FGPIBe SaF P of LeaSuCHbrRPBULE BR rbsratiga back fow

{(so-calleposwiamowfoThé beirdlen istfyrtrad irersifteaiiyihe dicsxisdetion of the reactor
for the tint

oxoalTacony BRLLERLEE oL LT DB D0 PR TAEGL B s o
differ@Ht$drfgitI'b1kbt 'tr@nndetJaEr;mmmbs]tclh@h@mgbtom xi ng of the .

t r r
S8 S TBSBETOR el SRS RS Bt iien:
particpiarly faeltiestinimgtstrengeaTBp Howewanifergiehb@ting pynariownehrodle size
oSl o L R GRS LR B mporrce

but a haventéddencs titre dlstdbct&nmfaherﬁm@dmc@emstha nebClog regening that any
the prior art, for, on the

cind AR PRI e PR SEP  Be PRt Lo Brer vl | of (he

tubul ar reactor and the reactor cooling section of

T deposi t vvlth he help of scrub solids, thereby
Obieg hER {' oling perfornance, and on the
ot her hand, produci ng a TiQ2 pignment with a narrow
article size di
e B oS s forh it bkt Rl PR R e B RBER olpares o
the prior aat, &y omitieiopalhand, effectively freeing the inner wall of the tubular reactor and
the reactor cooling section of TiO, deposits with the help of scrub solids, thereby achieving a

better cooling performance, and, on the other hand, producing a TiO, pigment with a narrow

particle size distribution.

The object is solved by a method for manufacturing titanium dioxide particles in a cylindrical
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3 tubular reactor by reacting titaniumtetrachl oride
and an axially introduced, oxygen-bearing gas and
subsequent|ly cooling the partlcles wher eby t he
titaniumtetrachloride is3introduced into the tubular
reactor in the cross-sectional plane of the tubular

tubu a{rﬁ@&%@my rbéakfnn@qitamtmplt?ﬁch@du@bnd gh bRialy Prod@rd, vheealyaring
e OwW vel OCl 0] rin as |
gas apfappsegueRty, coglinghingiatS X%?BYgﬁ i acniaiBipintroduced
into tk@d\ﬂ&ﬁlélﬁt@ﬁ@t@ﬁln&ﬁ@@ﬂisﬁ%ﬁbﬁbn@f plérhteoﬂ tAY @MUl Re&ter, ?ut not in the radial
e n e su scripti.on o
irectfohy it VGHoRR 0 TRVOITOH of Beayi e R "6y A R fhan 20 s,
parUCEIlagyléﬁéasit,z.io&n/sand 3 WIthOUt t hese being intended as a

restriction. Figure 1 is a schematic side view of the
tubul ar reactor. Figure 2 is a cross-sectional view

Furthdfadvakege @lsdtob e bhiepathel inresioR a2 ddscibe inkhé eub-oaens.
enbodi nent of the invention and Figure 3 is a
cross-sectional view taken al ong sectional |ines 2-2
of Fig. 1 for an alternate enbodi nent of the

Desc ven} on. re and below, the termtubular reactor is
‘ﬁpg%ﬁ—tﬁﬁ—ﬂé@ﬁ}:ﬁ—@esc %%he part of the reactor in which the 20
Tid 4 oxidation reaction and Ti Q2 particle formation
take ace 0 The 0
e gD e b ER G PR Ee Al CreA At gFe BRS Mrended as
restridnubul ar reactor, where the reaction is arrested by
Flgur%zbﬁ A§C %Eg%@n\g%%hf f\%ggb@ gaggrs ggulréai#ar] tgrsoss sectional view
taken &l ding Seictiona¢ veay 2- d@f F@hh Odrione, enmbiddirogre f tral ikedritios ahnt Fjgure 3 is
a crostsosgeg{ﬂ%ﬁ e Cl{%ﬁe?m or:rg %lon%‘gzgggg%goftfm 9 ftop%l]é ?rg?%embodlment
of the"iMle@lidl. is to be 25 taken to nmean the oxygen-free flow
consisting essentially of Tid4. The term"02" is to

be taken to nmean the oxygen-bearing gas flow, here
Here amdibd&el otve tdrretubniee rdzictan id takdrawedeanthetpartiaiovd edger in which the

., that. a nmgj.or ehea i s, di te
rick iR rRieRb PRTQerr g G b B P B lRes Bt hel TR ghe reactor
coolingesep@inat talenad bthiee doWXtgas [sarsqans tubalar B@C@ﬁn‘@haﬁeeﬁbe eeaction
driv e rature rad | en t,h

s arrqif by s 8 T D sdr Ger e P B S o ighf gbinves ana
gasesselichdss alomtriira caloeide caforine, stbgdraatkiabikbalis, Btm,rawedstbmarliy
. ca W, , Of b
nirodiGE RNk Rrac§ GodtnE ke diclt T gl BB Lol Pt & rove
takentidimeas taibxygehifite flovwerontisengeadsentallyiaf JiCH. diterfern tﬁ)z"udm be

i mul t anequs]| ssing th ainst the wall,
taken i Fap Bl My B R ST o B, B e b 8 aned uni for i y

and intensively. 35 4 Referring to Figures 1 to 3,

The Ir{vgﬁtjoﬂ( sgﬂ%}a%@oﬁ heef E?nro%v?ed\@e tﬂétraor%gj%?gaﬂt EF %etr!%%t {seazi]s%'ip%ted at the
start of the reactor cooling section, where the high temperature of the TiO,/gas suspension
generates a high, driving temperature gradient towards the inner wall of the tube. The
abrasive action of the scrub solids in this area can be substantially improved by causing the
scrub solids flow, or the entire flow, to rotate. This rotation and centrifugal force distribute the
scrub solids over the entire circumference of the tube, simultaneously pressing them against

the wall, as a result of which the latter is cleaned uniformly and intensively.
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nozzles (12). In the framework of the invention, the
termnozzles is taken to nmean all kinds of 5 feed

i nes, such as ducts, pipes, etc., and all kinds of
nozzl es, such as Venturi tubes or Laval nozzles. The
reactor (10) is a cylindrical structure and includes a
| ongi tudinal axis (14). Oxygen is introduced into the
reactor (10) in the direction of axis (14). TiCd 4 is
introduced into the reactor (10) through nozzles (12)

Referhrﬁg 15 Ftlguﬂﬁgﬂttb al idiTegtd rﬂ@fez’éIW mﬂ@aude@ int@dhalteactor (10) through
1 ONn a Cross-s

oS GRS W e Gl B e a8 PR SRubY Ben al inds o
feed lineBesubB a6 Hokts, fib6s, %td. Sandﬁilfl@djmdwolzflé@ @be ak &aetuointubes or Laval

rozb Qhe oot GERE B  SEELSH o7 e SR R .

0xyg@nghmr@1ucadm etd ezeesof 13) inahadibectidh of BkibytBATIOES intbeuced into

ren of t t
the reBBa [LbATOR LIOES Pk B eagidepinyIrep et RGO Ghrocia recion
Flgur@lzms{tfaﬁteaél cad;ésyse@hérseeblameIoatheweazctor @8¢ havitdg hesdiuslshdwn by line
ur e

(16). Bk b Shu D RS oartts (1 PRI bl om & o8 shown by
fine (13 tind (1166?19?@‘%@ Agm (240)s (16 gy aS@Ie al n thi s enbodi rrent
en

I.r on._o bro
The nsﬁ%?‘]}}g garbbgpggr %oveﬁtq%rcgm etrencfek%f t@% ﬁagl?{ (')Ij S common
axial pd¥RklonaFRy. SRtAltBinativelg ahé aspudil Dgcangteba axialy Sitszoralativg to each
to the invention, the entire flow - reaction m xture
and scrub solids - is caused to rotate in the tubul ar
In a fure@e eebodih@nt aﬁtdeﬁrh@nt‘ @ﬂ@ieoTiOQmahial’sga mmtrbcm:eldynto the reactor

tvougl et pRRRPa I 165 PhiybRarY R B Rgare ek e o e

flow is peayht aboutey paftie ptalﬂﬂa (BRGh4he Bﬂtmbei opesng (ﬂDBtlmﬁiarmet ata
tangential nonmentuminto the flow, this being
Cofrewﬁhﬂelaaﬂ %0 generate lasting rotation. 25 Tangenti al
introduction of the TiC 4 into the tubul ar reactor
10) ns_that ction takes Iace n th
accortigue MRV bR ptaliB B ¢ b bR A ienP 18 - ipauses to
rotatedh trantubmigh eeaatoni 103 add tioe rea@ﬂr cilief eseatrybylintroduclry, thamdded

titaniﬁ{e&éph’lé%e{d @f%%ﬁ?rpr[ragalst?rt gpgtangg@tlgm lr(g\% gtoq rw%ﬁltsig\%\ﬂc
weighit, rthé MEC|y iearotiooes (sLiBgtasttat tdvgehte! gedryeravraiinte dha fiow, Hiis being
ordi r}%gt o the invention, and a uniform

Surf'c'fe@tstoc?@ﬁs’@?? [%Fig " WE™chi eved for all Ti Q2 particles
Tangeéntiat iheod@aioh of theIOTL, ldtu trceotnbmlasf(eat:mr(‘rte re=ms htha‘(gwt'raniuDE)n takes

the | aI I rod
place gy B RS G R T E QI Uk Bt 728" Rk SGUREIST o
< 90° paefaralily &t toy1 5t arthaath@rlyfﬂ%to 10&rrdlatz17mtdtbbludichal drreatﬂxino(lFlgs 2
and 35 10) having a cylindrical form Under these conditions
i't is possible to 35 introduce a high tangenti al
nomentum to achi eve a hi gh cl eani ng effect wi t hout

s B, BB oo A e L TR B AP o oo

accordihg to the invention, and a uniform residence time 1khus achleved for all TiQ, particles
in the reactor (10). In contrast to the teaching in DE 1 259 851, this is achieved by the axially

other

introduced O, flow having a flow velocity of more than 20 m/s, particularly at least 40 m/s,
and the tubular reactor (10) having a cylindrical form. Under these conditions it is possible to
introduce a high tangential momentum to achieve a high cleaning effect without generating of
swirl flow. The momentum ratio (ratio of the products of flow velocity and specific weight) of
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5 the tangentially introduced reaction conponent
(Tid4) to the axially introduced gaseous conponent
(02) is at |east about 100. The inprovenent of heat
transfer to the wall of the®cooling section, achieved
by introducing 5 the Tid 4 in accordance with the

the tah@é/rﬂ@alli/ Qﬂod@@é&i @Qctfdﬁrdch%némﬂ@!ﬁ@o ik dxiy ﬁﬁﬁo@bcéi%ds@&us
ext ensi vera)é scattered when introduced into the

Compfv%m@p i$ ableedraPe40)0 t hi s bringi ng about uniform
dlstrlbutlon of the scrub solids and accordingly,
form cl eaning of the reactor scatter

The ‘@8’??"6@6%% hegbliansier datis Wyl af e F‘P%‘ﬂﬂ é‘PCt’é’@r ageEd %nf?@ucmg

the TICOliRbBcEH&RRALM BE et dh, cBebaturtHRE Isideadif tHt Rrih&lids are
reactor. Thl% r tatlon can

for exampl e, be achi eve
extenpiyely seaRTERY i@*W@w%a%%fu?auwréeég%?rrﬁ9 Hhis Bnaing %muf
unifor&Y@ik@Betior &Fttee \MFUI@Boitdé%nS Czﬁéﬂ@rcﬁrﬁ{jly dﬁnfﬁﬂn@W@Eﬁlng of the reactor wall.
i nt roducedb t ng | al | nmean E‘ﬁ‘i
The seaiRFEYIRY. e@fﬁ‘& Sy £ f}9e Pré’f’w §°%‘Ec§8 tﬁg'oﬁaé? giggngly prior to
ng@ntﬂ%c&ﬂ’&t@%e&@%t&STBQQﬁﬂaﬁdﬁ@S%r/ﬁxarﬁphae belaﬂM[@{?éd @ﬁdésﬁgnmg

aracterised in that, on the

the feRf GRS S CAT LR O P EORS. (ARG Lt e ety %%Jg%ﬁow fadntroduced

tangeh g by Wakdnsa@neoabid@robyitdle gas suspension are thus
opti m sed. Moreover, no conplex design neasures

downstream of the point of TiC4 introduction are
CompAeSERIAE Yneth SI4CRcOSINYRAIISSH S 8 PL3 Bh entni®p0@d/01339BaRESthe

. or a helical desjgn of the enti or. cool i
iven B cBaciapaF Sl 61 (ROt S DRIy G U B roisge. anc
cleanﬁgbftﬁeenhmlar@rbdoﬁng‘d;rrth@gw@ln@engl a@a@mslosadlsea Moreover,
despite the high tangenti al
10 COMP AP RO S 94 PTG TE S8 By G BTG g dorpesgssar.
such £4 @%us{@@pﬁbl@ln@n?ﬁﬁ&ﬂr@ ora fiedalasignadf enesémie reactor cooling
ution us )
sectiopr3pgi Bai AR el R ek aiRg i gpormore
chara_t:ﬂ@ﬂsédamgﬁétl, 08spite tlﬁé(lﬁlbﬁta’i@@nﬁuigywaf/wehmyrmmzﬁe Tili Stoebwig flow is
inte a restriction. . t i are, ..
argely Ry IR R GBI H i PO PPRIC el glaution, and thus
improdediiingrstehg@aPenxan Be Inanueturegans of 10 circul ar
nozzl es, and caused to react with preheated
oxygen-bearing gas. The nozzles are |ocated at a
common axi al position on the tubular reactor and
|lstrl but ed evenly 30 over the circunference. All

Examgle; 71 es are set tangentially in the sane direction in
the cross- sectional pI ane, in such a way that they

An examp@ %p%mvgnnqnd?, Sﬁﬂal d ghiré)%ﬁ%\flgg&gg%s?Jﬁ*ﬂ@??r%r?ée%dast g res?ricticn.
12 Uhdﬁmfﬁ tamharbd@:rednretdlactesmheasmr uwhh aolingddse diegeiar efremdrox. 0.3 m by
means 09 % circ uLﬁ’ar r*}éaz%es and cause {ohr'eagtSWE{?'n preheated oxygen-bearing gas. The
nozzles are located at a common axial position on the tubular reactor and distributed evenly
over the circumference. All nozzles are set tangentially in the same direction in the cross-
sectional plane, in such a way that they deviate from the radiat direction by 6°. Compared to
a purely radial layout of the nozzles, this configuration reduces the scrub solids requirement
from roughiy 2.0 to 1.2 t/h.
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CLAIMS 5 1. A nethod for manufacturing titanium

di oxi de particles in a cylindrical tubular reactor by
reacting titaniumtetrachloride and an axially

i ntroduced, oxygen- bearinésgas and subsequentl|y
cooling the particles, characterised in that the
titaniumtetrachloride is introduced into the tubul ar
reactor in the cross- sectional plane of the tubular
reactor, but not in the redagisdirection, and 10
whereby the flow velocity of the oxygen-bearing gas is
nmore than 20 m's, particularly at least 40 ms.. 2.
The nmethod according to claim1l, characterised in that

the titani ymtetrachl ori de at a

ot wberk Doty bAG R Al e Bl e S tad ¥ pdRGhch! wouiar
bet \Neeﬁeéctorﬂ@deé&mg&itﬁi’n@ﬁltétrawIoatié wne Iaefaerlaat)binyroammin oxygen-
angl e between 5 | ative to the al . .
e e e e e S E R T Sl b PGk eRbcterised in that
char acttes titgedm tﬁtrhctmﬁbndehe 1rttnotiade|mthé teohdr oedacdes in he cross-
i ntroduced by nean i ndi vi zles. .20.4..The

ot hod SEeia P AR Dol s¢A da PultREF| 88 seqid gy End

t he noz#ieeshyahe flaxivalobyy offths ekygeHataring ghoiseacte tbamed m/s,
5. The rret hf | %}:{:ordtﬁ}ﬂ{to claiml or 2, characteri sed

in that’ ﬁ@u Fe & & Setrachloride is introduced
through a sI it-1ike openl ng di spl ayi ng baffl e pl ates

devr Tn mthed k | i ti.0o t mathod

acco ﬁ% 8?1@%9( "W r% c%r]m abac ecfé’ﬁr r{‘g ai ns

char acttl@aé t:tsen:ilm tetrattiatde3 irttoe usat attarswigledisetiveen>i0S and < 90°,
caused to rotate str or Deij I

o deBaap I leRLy g Bere Srpn LR REHERgpo atar
nor e ofanglmeioamwe@e@l‘larrgi e afetgtive hatrecbeéinl dedtiom that 35
the product of flow velocity and specific weight of

the TiC4 flowis at least roughly 100 tinmes the

pr od8ctThefméthoavavelrdiog to/claind1 sprecidersedwsi gt of the 02

flow the titanium tetrachloride is introduced by means of individual nozzles.

4. The method according to claim 3, characterised in that

the nozzies are axially offset relative fo each other.

5. The method according to claim 1 or 2, characterised in that
the titanium tetrachloride is introduced through a slit-like opening displaying
baffle plates deviating from the radial direction.

6. The method according to one or more of the preceding claims characterised in
that
the scrub solids flow is caused to rotate strongly prior to being introduced into

the reactor.

7. The method according to one or more of the preceding claims characterised in
that
the product of flow velocity and specific weight of the TiCl, flow is at least
roughly 100 times the preduct of flow velocity and specific weight of the O,

flow.



