WO 96/ 17804

PCT/ US95/ 15M196/17804 _ : PCT/U$9B11E159
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U.S. Patent 4,937,064, which is hereby incorporated by reference.
However, as producuon rates increase or there is a need for

20  additional cooling, the interior diameter of the flue sometimes needs to be
increased so that it is larger than the interior diameter of the outlet of the reactor to
oxidize TiCl4 to TiO2. The need therefore exists for a suitable transition piece.

In the [process for producing titanium dioxide by (a) reacting titanium

25 tetrachloride and oxygen in the vapor phase in a reactor to produce titanium
dioxide, and (b) subsequently cooling the titanium dioxide by passing it through a
flue consisting of a conventional flue, a finned flue, or combinations thereof,
wherein the outlet for the reactor in step (a) has a smaller interior diameter than
the inlet for the flue in step (b), '

30 the improvement comprising passing the titanium dioxide through a
truncated cone-shaped finned flue conduit, the smaller diameter end of the
truncated cone-shaped finned flue conduit receiving titanjum dioxide produced by
the reactor and the larger diameter en_d of the truncated cone-shaped finned flue
conduit discharging mamum dioxide that is received by the flue. -



wherein the outlet for the reactor in step (a) has a snmaller interior
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The process..for uci n | 0X plgnent by reacting oxygen
and tltanYVE\%F’éf‘?‘é@mg(ﬁqc&mH?ﬁW ﬁ&?& is disclosed, for exanple, in
15 U S. Patents 2DETAIRED DESCRIP RINVENEIONG27, 3, 208, 866, |
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Such reaction typically takes place in a reactor in the form of a pipe or

conduit, wherein oxygen and titanium tetrachloride are mtroduced ata smtable
temperature and pressure for prod_ucnon of the titanium dioxide. In such reaction, a
20 flame generally is produced.

Elue

Downstream from the flame, the titanium dioxide produced is fed
through an additional length of conduit wherein cooling takes place. For the
purposes herein, such conduit will be referred to as the flue. The flue should be as -

25  long as necessary to accomplish the desired cooling. Typically, the flue i is water
cooled and can be about 50-3000, .pre_ferably about 100-2500, and most preferably
about 200-2000 feet long.

The fluecanbe a conventional flue, a finned ﬂue or combinations
thereof.

30 A preferred finned flue is described in U.S. Patent 4,937, 064 which is
hereby incorporated by reference. The finned ﬂue will have a plurahty of
substantially longitudinal, internal protuberances, depressions or both. Examples of
suitable protuberances include ridges and/or fins. Examples of depressions include
grooves and/or cuts. Examples of both protuberances and depressions include a

35  conduit having similar shaped protuberances and depressions such as a pipe having
a corrugated surface. Preferred is a finned flue having protuberances; especially
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c%nduit, wherein oxygen and titaniumtetrachloride are introduced at a
suitable WO%/U8fftrature and pressure for production of thePET/VSHFISHY
di oxide. In such reaction, a 2 0 flame generally is produced.
Downstream fromthe flanme, the titani um dioxide produced is fed

t hrough an additional |ength of conduit wherein cooling takes place. For

t he pur poses herein, such conduit will be referred to as the fl ue.
The flue should be as 2 5 | ong as necessary to acconplish the desired
cool i ng. Typrefgrmed is a fianed fue ihgving ingernal fins. Apotheripraferred ambeodirhenttis a
50- 3000, pr ¢immedlgg mbmgtmﬁpgn&ﬁgphogmﬁgpst preferably about

200- 2000 .f eet | ong. flue can be nvent i gnal

flue, a finned flue O;ﬂlgc;}%eﬂzﬂqeﬁgdmthls mY?fg %503'"5' stiitable shape that
preferred fideesdor¢anse excessiveturbulencen the&ralﬂy.tthalﬁnng@ﬂﬁg 6l be noumd) i.e5

her eby |gcoq§%@mm1§1 I,erence The finned flue will have a plurality of
substantially longitu r ot ubey ances ssions or both.
Exanpl es of sui ﬁ&ﬁ? ﬁb%bﬂﬁ%‘fﬁ“’gﬁeq’ﬁ G%Vﬁnpeﬂégngﬁ&?‘!ﬁ CKPeR$IvVe
Exanpl es of tliapaeenvennsnalrﬂne,lwxcally, onlya portion cfithé Gue will be affimed|fhee. of bot h

P ot Uber anc 2sa p?‘z‘iﬁ.*’gﬂ’? %d&%jﬁﬁ%@%@gfacbﬁwﬂ?e%ﬂ“ o 102 2P
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-2- 10  close\Ppr&ximity 46 ¢he reaction flame, and continue thereafter until the point is f
o o ot e mem AL ke bl W B e 1.1
hol I ow f1 ns PIgment particles ceases. cally,the lengzhiof thedinmed dive msed il be 8boRt on
can be any Se500ainoee pfuimblywout 5-300 and most preferably about 5-100 feet. If
- desired, however, all or most of the flue can be finned flue; and, if so, this can
15  decrease the required length b_ecaus.e of the more efficient cooling it provides.
~ The following additional considerations should be taken into account
-~ in designing the finned flue: |
| ‘¢ To enhance cooling, there generally should be as many
protuberances and/or depressions as possible, provided, however, that (1) there are
20  not too many which would cause é:lose_ spacing and consequently adherence between
them of pigment or the pafticles of any material that are injected to scour the flue,
and (2) the protuberances are not so thih_that they substantially erode or corrode.
Preferably, the spacings between the prq_tliberances and/or depressions will be
about equal. | |
25 e  Generally, the protuberances and/or depressions should be _
substantially longitudinal, i.e., located along the length of the finned flue. By the
term “substantially longitudinal” is meant that the protuberances and/or depressions
should be substantially paraliel (i.e., parallel to the axis of the conduit) or somewhat
angled, (i.e., similar to the grooves in a rifle barrel). Preferably, the protuberances
30 - and/or depressions will be substanually parallel.

*  Inregard to the height of the protuberances, they preferably
should be as high as possible to enhance cooling, but not so high that they seriously
erode (due to a high tip temperature) or cause increased turbulence. |

: e  The composition of the finned flue should be any material that is
35 chlonne resistant and has good heat transfer properties; preferred is nickelora
nickel alloy such as alloys commercially available as Nickel 200 or Nickel 201.
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does not cause excessive turbulence. Preferably, the finned flue will be
round, i. |ntheformof a pipe. t he
finned fl ug"°u9s‘2‘ I'n this invention can be nore expensive - PCT%%gﬂgsﬁ%a

conventional flue, typically, only a portion of the flue will be a finned

flue. Al so, because nost of the cooling of the TIiO2 will take place
in close proximty to the flame of the titanium di oxide reaction,
preferably, the finned flue will be used in 10 close proximty to the
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possi bl e, higleast poitit oﬁﬂ:@tombermes,(etpediﬂlyrprem&xe promberahm thargrewhi ch

woul d_caUSgeEledSea e Wit e%&a&s@ﬂa@@dewg Jpeen . them of

pi gment or e parti c es any ma are Il’lj ect ed to scour the
flue, 20 and (2) *the msmlvbé idiameter of the-finped fine of

subst gnt i dhveationaiiouldrbecibat which does not ﬁrxséﬁmaﬂexsnbiﬁnuamm méthvneen t he
pr ot uber a

Bl 1 5€ ReRBAY  A03F S38A8 B 110 e bt L e e |

subst ant | AAYPjcal mﬁgmem@mpers of the ﬁmﬁ\@cﬂra@bﬁgt 2-AQinchesy Preferablyabout nned
flue. By t$180 inches, ah@ iidst praferablyidbaut §-20dneies.uOft2n) theifinned fide wil) dave he

% 8, ot A B e B bl 3o BB L 07, <

5| m|ar tovhieleitds aigached; in the foregoing.and as elsqwhere nsad hereinj(a) Singgrigrer ances 30

? gdg <r3(r]I ?gmiaasuegr@e?nﬂ the lamﬁweaiew&eernadhbxwaw pbints in the ﬂue that are <houl dl Be
asghl gh as?&%@é‘gﬁ %ﬁ%@ qlgzreﬁngﬂ,@re%gglgﬁnﬁ:{w Mg%’angrﬁ%%F : nafe {Qntgy seriously
er ode ( dudlomooftitaniym dioxidepigment thr e Sugs Prefarably theydiameteriof the

The coePOSirined fluef wh&?ni‘ehsmed fidny fip 36 tip| ot pP@tuB@ﬂénBé’st\ﬂhbl@hret dPposité 35
chl orine resllnstant‘m“g% a e? od heat tranfer %"#‘ ggerred IS
ni ckel or & =l QA APP. ée’“ﬁﬁa c ffg S able as
Ni ckel 20®ovvemjoprbfluemiwhich it is attached.
e  Ifitis desired to optimize the gloss properties of the TiO2
pigment, the protuberances and/or depressions should be desxgned to reduce
25  turbulence without reducing the cooling rate. Conversely, if it is desired to optimize
the CBU of the TiO2 pigment, the cooling rate should be xmproved wnhout
increasing turbulence. _
Truncated Cone-Shaped Conduit
o The truncated cone-shaped finned flue conduit will have a plurality of
30 internal, substantially longitudinal protuberances, depressions or both. The factors
and considerations for designing the protuberances and depressions for the
truncated cone-shaped finned fiue conduit are similar to those described above for
the finned flue. Pfefer'ably; if a finned flue is used also, then the truncated cone-
shaped finned flue conduit will have its promberances and depressions aligned with
35  those of the finned ﬂue
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PCT/ US95/ 15W996/17804 Ni ckel 200 i's comercially pure w BGEHNSISIIRDI
Raving a m ni mum of 99% ni ckel . Ni ckel 201 is the | ow carbon version
of Ni ckel 200. Preferably, the tips of the
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refera
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. ¥ _
condi t Sﬁzsgﬁ%’ﬂﬁ@?&@* Calf o AHEHER 1F) bbically abols 653190 YrelebaBl SnBare
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f or egoilfy afembinatips.shpuldbe sufficient te parmitall orimessof the agglomeratign@nd; " neans
t he di StaanrthWEﬂfe]ﬁdiﬁclh\s&dd!WTxmftMe cdehe flue that are

opposite each other, am ence to
Lhe fLow of 1 «ElkteraBl, qidiplal F%ar{w&#%ﬁfgrh% cffe] solle AL
t he di anet efinegd flpe-condyit hasianrinterior dmmeabomaqualeto the interiopdiameterof of
prOtuberanCﬁfe me@k’oﬁherm%ts& (a). Alsaaﬁfefatab mefrakgerlamteﬁ&ﬁd of han or
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to the interior diameter of the flue. _

Often, between the reactor and the truncated cone-shaped finned flue
conduit, there will be a section of conduit where particulate solids are injected to
scrub and remove titanium dioxide adhered to the interior walls of the truncated

20  cone-shaped finned flue conduit and the flue (hereinafter "scrubs conduit”). If such
scrubs conduit is used, typically, the inlet thereof is connected to the outlet for the
reactor, and the outlet for such scrubs conduit is connected to the smaller diameter
end of the truncated cone-shaped finned flue conduit. Thus as used herein, "outlet
for the reactor” means the actual outlet for the reactor when no scrubs conduit is

25  connected to such reactor and the outlet for the scrubs conduit when a scrubs
conduit is connected to the outlet for the reactor. '

Typmallv the smaller diameter end of the truncated cone-shaped
finned flue conduit will be connected to the outlet of the reactor, and the larger
diameter end of the truncated cone-shaped finned flue conduit will be connected to

30 theiniet for the flue.

_ The composition of the truncated, cone-shaped finned flue conduit
should be any material that is chlorine resistant and has good heat transfer
properties. Preferred is nickel or nickel alloys such as commercially available
Nickel 200 or Nickel 201.




If it is desired to optim ze the gloss properties of the TiQ2

pi gnent, t berances and/ or depressions shoul d be desi to_reduce
25 t ur bul'ence \é\n&t hout reducing the cooling rate. ConverseIP%q%?q”s’?qls?s
desired to optim ze ' the CBU of the Ti Q2 pignent, the cooling rate
shoul d be inproved w t hout I ncreasi ng turbul ence. Truncat ed
Cone- Shaped Condui t The truncat ed cone-shaped finned
flue conduit-will have a plurality of 3 0 i nternal, substantially

| ongi t udi ntr ances, depressions or both. The factors and
consi derati grsc?m ng the protubera pressi ons for

es_and
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then the tr e have its
pr ot uberanc‘gsgc}gtr?gﬁagg?eglsm‘g%mg gﬁﬁgbédtgﬂgggul%ﬁ%ggg?%%l nned fl ue.
- 4- 5 separggs indgt adiacant to the'l" l4 inlet and was continuously admitted to the

PCT/ US95/ 13#&&or. Connected to the reactor was a $crulfs condit Hidt aneddiced patticutited i n
conj unctlorgst\f%g,g}’q?n%{egﬁgat ed cone- - shaped finned flue conduit, then
the length ated, cone-shaped finned ~condui t typlcally

wi |l be about 5-500, Acmcbe@tre rdawnstraam endof Samscrabscomduit was eithenfadfer abl y
about 5- 10Qnimaied dohe3haped fxth Jdlmmuﬁ%m@:ﬁwuweémaed\mmgsat,tzr uncated .

cone sgg o hag%d | Pﬁ%ﬁ‘é’fd{ } o %ﬁ“tdt“g tbﬁe l enﬁ’é’f’th Wrm%?c %u A gdabout
0. 5- 100, pr&téhmiqafnbmferred to as a cogentional umtqdmefshmed conduit).1- 20 f eet .
Preferably, (1) the szh:tm%aﬁ:b&rfehamﬁ@&menuonat&aacﬁb@eeﬁb fiapegd flue g
conduit, if “&%%’ of Ithoent%incated( cc)ne-stﬂapecf) Egneue tgu & wit, wIncitever was being
. tested, was attached to the outlet (i.e., downstrea.m end) of the scrubs conduit.
15 The interior diameter of both the conventional truncated cone-shaped
conduit and the truncated cone-shaped finned flue conduit increased about 30
percent from the small dtameter end to the large diameter end. The large diameter
end of the convennonal tmncated cone-shaped conduit or the large diameter end of
the truncated cone-shaped finned flue eondutt, whichever was being tested was
20  connected to a finned flue. The outlet for the ﬁnned ﬂue was connected to a
conventional flue.
Using the above reactor system, tttamum dtoxtde was produced at a
constant rate. Run 1 was made with the conventional truncated cone-shaped
conduit, and Run 2 was made with the truncated cone-shaped finned flue conduit of
25  this invention shown in Figs. 1, 2 and 3. It was found that use of the truncated cone-
shaped finned flue conduit of this invention d'ecreased the amount of titanium
dioxide having a particle size in excess of 0.6 microns by 5.6 percent The variance
in certain conditions from Run 1 to Run 2 was as follows:

e  absolute pressure - 5.0 percent increase,
30 e CBU- : 1.6 percent decrease, -
| e alkali metal nucleant - 19.3 percent decrease.

If the pressure, CBU, and alkali metal nucieant were the same for
each run, then the decrease in the amount of titanium dioxide having a particle size
in excess of 0.6 microns would be expected to be about 4.6 percent.
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t he reactor J er end of the
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. Lti.on
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o protuberances having tips and bases, and wherein the tips of the protuberances are
thinner than the bases of the protuberances.

' 4. The process of claim 3 wherein the protuberances are trapezoidal

20  inshape, there are spaces between the protuberances, and the spaces between such

protuberances are rounded depressions.

5. The process of claim 1 wherein the interior diameter of the flue is
about 2-50 inches.

6. The process; of claim 1 wherein the substantially longitudinal

25  protuberances and depressions for the finned flue and the truncated cone-shaped

finned flue conduit are aligned.

7. The process of any one of claims 1-6 wherein the flue and cone-
shaped finned flue conduit comprise nickel or a nickel alloy.

8. The process of any one of claims 1-6 wherein:

30 ¢ the small diameter end of the truncated cone-shaped finned flue
conduit has an interior diameter about equal to the interior diameter of the outlet
for the reactor in step (a), and

* the larger diameter end of the truncated cone-shaped finned flue
conduit has an interior diameter about equal to the interior diameter of the flue.
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PCT/ US95/ 15¥¥)96/17804 EXAMPLE 1 = o Ti O 4 \PEIAFSIS/15159
cont ai ni ng vaporized Al 03 was heated 4/ continuously admtted to

t he upstream portion of a vapor phase reactor of the type disclosed in

U S. P. 3,203,763. Sinultaneously, preheated oxygen was netered through a 5
separate inlet adjacent to the TICl4 inlet and was continuously admtted to

t he reactor. Connected to the reactor was a scrubs conduit that

i ntroduced particul ate scrubbing material .

Attached to the downstream.end of the scrubs conduit was eltker (a) a
truncated cone-shaped finrgd e conduit of this inven picted in
Figs. 1, 2 10 and 3, or (by-essyntially the sane condui r—Tiavi ng a
snooth interior rather than fins (hereinafter refr ed to as a
conventional truncated cone-shaded conduit). The smal |
di aneter end of the conventionalj truncated cone- shaped conduit or the
truncated cone-shaped finned fl{e conduit, whichever wag] bei ng

t est ed, mas attached to the outlet (i.e., domnstrean1en’p of the scrubs
condui t. ThefAnterior diameter of bo'h t he convgnti onal
truncated cone shapg% . con t and the truncated v;ne shaped *i nned
flue conduit increaged about 30 percent fromthe

Hhal | dia er end
to the large diametgr end. The {aige di aneter effdof the confenti onal
of the

truncat ed cone-shapdd conduit orjthe large dianeter e d,

truncated cone-shape I nne I ondui t, whichever jwa§ belng tested, was
20 connected to a finned flue. eloutiet for the fidndll flue was connected
to a conventional fl ue. Usi jg { he above reactor
system titanium di oxi de was prodluded at a cong t rate. Run 1 was

made with the conventional trunc d cone-shaped

onduit, and Run 2 °
was nade with the truncated cone aped finned flue ¥r i

invention shown in Figs. 1, 2 an . It was found th se of the truncated

t
cone- shaped finned flue cfndquit of this inventi@dgnh decreased the

anount of titanium di oxi deflhaving a particle s|{zf in excess of 0.6
m crons by 5. 6¢¥Hcent The vari fnde

IG.1 - |
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in certain c‘gggitions fromRun 1 to Run 2 was as foll ows:
e

absol ute pr p/17804 5.0 percent i ngfgase, 30 PCT/USS3AI5159
1.6 percent decrease, al kali metal nucleant - 193

per cent decrease. If the pressure, CBU, and alkali neta
nucl eant were the sanme for each run, then the decrease in the anount
of titanium di oxide having a particle size in excess of 0.6 mcrons
woul d be expected to be about 4.6 percent.

- 6- WD 96/ 17804 :

PCT/ US95/ 15159 Cl ai s In the process

;Ctiﬁ;

for producing titaniumdioxide by (a)
pﬁhse in a Rr oduce

tetrachl ori de and oxygen in the vapo
titani um di oxi de, and (b) subsequer
passing it 5 through a flue cong =R p " .
flue, or conbinations t herfeo ' ‘ e\reactor in

step (a) has a snmaller interior the flue
in step (b), ’ ng the
titaniun1dioxE§ Egr gh a ﬂn;ted cone-shaped f}

conduit, the |%I { di anet er the 10 truncated cga¥ shapgd finned
flue conduit receiving titaniun produced by he redctor and

cone-shaped fing
conduit discharging titaniumdiqxide t\@& is received b




2° The process of claim1 wherein the fl u@%@%@ﬁ’ a finnef o
attached to a JdQVEnti onal Mqammrm.agn% PERTYIORCANIZMFION| e | S (Negh¥
fpue. 15 3. The Busti2im 1 wherein the finned flue
‘and t he INFERMATIONAL APPLICATION RUBEISHEDWUNBER THE RATFNT COORERATION | TREATY (PCHY

subst a8y IntékrlaonhICPa gt iOkiBRsilon 6 : prqt ub“{lﬁmtﬂaYhﬂﬂuhdn%mwd basewQ 9@17804
wher gi Hg W ﬂsﬁﬂﬁl pr ot uber ance Sagf e thi nner than the bases of

t he prot uber ances. 4(43)Tht&nmmmncaﬁn Datefli M 313/\fmerlﬂ6m130696)
t he I UL UUbI allCEs di © LI cl}JELUI Uoll L U L UL bllclpb, L IIBI € dal © Spdlts bL WCCTI

t he pre nﬂ&%me@pmd Nudir:S PaC @ET/USHMA 8| (81) Didignated Statel AU,UTXE TR} VDS Wopean patent
rounded depressions, . h@TplPﬁa@Hs‘%‘i BK, ES| ER. 6B, Tekth MC,
t he i |{¢% fotesnatiopalFiling Dpte: ¢ 21iNovempes 4995 @11195) | 5ol P3 i nches.

6. The process of claim1 wherein the substantially I ongi tudi nal 25

pr ot Ulism ad depressions for the fi npmtlishkedue and t he truncated

cone-|shapbeBs03s0  f i nAdecember99c@REINt V| al i ggé’d""""a‘w"a’ search report.

7.
The pgrocess of any one of clains 1-6 wherki n t ‘[:Eﬁ '15:?’ ime limit for amending the
shapeldrsh iysphas: ElLusty roNTORINEMODRD AN oMb Ale e Hogy . " the event of the receipt of

8. The OWS]-WthWQDmsg&(BS)V\hEFEI n: t he
smal | %}E’[me er G% ru shaped f| nned flue condui t
has i ﬁ}" 6% Eﬁ&éﬁ %mldt he interior diameter of the outlet
for tlhe renmtermmus&,em verif\)TN 3218612125 (US). the | arger dianeter
end qf the truncated cone- shaped finned f]ue conduit has an interior
di amet('@? ‘%@:‘@@J&@%&ﬁ “L@E;?:‘Fm'“met er of the flue. 35 |

-7-. Street, Wilmington, DE 19898 (US)

(54) Title: USING AN IMPROVED EXPANSION SECTION AS THE INLET TO THE FLUE IN A TITANIUM DIOXIDE PROCESS
(57) Abstract

In the process for producing titanium dioxide by (a) reacting titanium
tetrachloride and oxygen in the vapor phase in a reactor to produce titanium
dioxide, and (b) subsequently cooling the titanium dioxide by passing it through
a flue consisting of a conventional flue, a finned flue, or combinations thereof,
wherein the outlet for the reactor in step (a) has a smaller interior diameter than
the inlet for the flue in step (b), the improvement comprising passing the titanium -
dioxide through a truncated cone-shaped finned flue conduit, the smaller diameter I
end of the truncated cone-shaped finned flue conduit receiving titanium dioxide :
produced by the reactor and the larger diameter end of the truncated cone-shaped
finned fiue conduit discharging titanium dioxide that is received by the flue.
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