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reaction products are then cooled, and the titanium dioxide particles are recovered. The solid
titanium dioxide is very useful as a pigment.

[0004] In order to increase the capacity of a chloride process for producing titanium
dioxide, a second reaction zone can be created in the reactor conduit downstream of the first
reaction zone therein. Pre-heated titanium tetrachloride and/or oxygen can be added to the
second reaction zone to react with oxygen and/or titanium tetrachloride from the first reaction
zone. Unfortunately, due to the velocity at which the main reactant stream is moving through

the reactor conduit, it can be difficult to inject the additional reactant in a manner that causes



zone. Unfortunately, due to the velocity at which the
mai n reactant streamis noving through the reactor
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[Oﬁﬁé:]t i e injector assembly is disposed between the downstream end of the first section
of the reactor conduit and the upstream end of the second section of the reactor conduit, and
fluidly connects the first and second sections together. The injector assembly includes an
injector conduit and an outer chamber. The injector conduit has an upstream end, a

downstream end and an injector conduit wall disposed between the upstream end and the



of the reactor conduit and the upstreamend of the
second section of the reactor conduit, and fluidly
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i njector assenbly includes an injector conduit and an
outer chanber. The injector conduit has an upstream
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di sposed between the upstream end and t hedownstream
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velocity to cause the additiona
component to significantly penetrate the outer boundary layer of the reactant stream.

Titanium halide and oxygen are allowed to react in the vapor phase in the first and/or second
reaction zones of the reactor conduit to form titanium dioxide particles and gaseous reaction
products. The titanium dioxide particles are then separated from the gaseous reaction

products.



conmponent to significantly penetrate the outer
boundary | ayer of the reactant stream Titanium halide
wa@pasosesgen are allowed to react in the vapor PECEHES20081003668
the first and/or second reaction zones of the reactor
conduit to formtitani um di oxi de particles and gaseous
reacti on products. The titanium di oxide particles are
then separated fromthe gasedus reaction
products.[0012] These various aspects are better
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0013] FIG 1 is a rear perspective view of
drawngﬁbm}'h nt of the inventive injector assenbly;
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B! 5916 DL o BEASE RSSO Cchive et
assamtﬂyctlmwraaslﬁﬁblly shown by FIGS. 1-3; [0017] FIG 5 is
o SRR bR i L BB ALARP s Gl by sowo
byl FIGS. 6ad 2;n FIG 4; [0019] FIG 7 is a sectional view
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088 €"PIG 88isRARL G AN GidwiJF af e%@&iﬁfén{@ R meﬁwepfemrhhat includes
respect to each other; [0023] FIG 10 is a schematic

twarof Wierigvantive injactar assgmhtieseepigenedetirectf adjasentjta papanoher;
ce f ' r le ' :

OB 2l s ARl il o e R R recc R 4 incluces

tWDmf theientivegnjeetac assembliesymeitioned intrespaesderstativeshir wishgespect to
tthl'oduczl ng rutile titaniumdioxide together with a
agrammatical representation of associ ated conponent
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[ ' ew Ccor espondi ng to Exanple 1 and
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diagrammatical representation of associated component pre-heat assemblies; and
[0025] FIG. 12 is a diagrammatic view corresponding to Example 1 and illustrating the
degree of component penetration achieved by the inventive injector assembly and reactor.
[0026] Referring now to FIGS. 1-7, the inventive injector assembly is illustrated and
generally designated by the reference numeral 10. The intended use of the injector assembly
10 is illustrated by FIG. 7. As shown, the injector assembly 10 is for injecting an additional
component (not shown) into a component stream 12 flowing through the conduit opening 14
of a reactor conduit 16 of a reactor 18 along the longitudinal axis 20 of the reactor conduit.
As shown by FIG. 7, the component streaﬁl 12 is flowing in the direction indicated by arrows
21. The injector assembly 10 is attachable between the downstream end 22 of a first section

24 of the reactor conduit 16 and the upstream end 26 of a second section 28 of the reactor



general |y designated by the reference nuneral 10. The
i ntended use of the injector assenbly 10 is
w0 dosgsasad ed by FIG 7. As shown, the injectorP@yEs2u0$/§03668
10 is for injecting an additional component (not
shown) into a conponent stream 12 fl ow ng through the
conduit opening 14 of a reactor conduit 16 of a
reactor 18 along the longitudi nal axis 20 of the
reactor conduit. As shown by FIG 7, the conponent
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reagigreton ether ¢afRAENt Tne cauhdingfiomel reastamtroandfor othej ewppeatents in vapor,
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[0030] Adssisedvherein arseingihappeided claims dhre erogsegtianak gerangtgr of the

reﬁggcgo%d&i956 %r the injector conduit wall 38, as the case may be) means the perimeter
of the reactor conduit 16 (or the injector conduit wall 38) that extends perpendicularly (or at
least approximately perpendicularly) with respect to the longitudinal axis 20 of the reactor
conduit 16 (when the injector assembly 10 is disposed between the first and second sections

24 and 28 of the reactor conduit as shown by FIG. 7, in the case of the injector conduit wall



| east approximately equally spaced) around the
cross-sectional perineter 44 of the conduit wall 38.
w( 2®8036s8#® used herein and in the appended cl aP@EUS100£003668
cross-sectional perineter of the reactor conduit 16
(or the injector conduit wall 38, as the case may be)
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tohiennﬁctbdh intd dregiotmpdnenaktraaxi £2 ﬁ‘bmtdm)umemﬁdmemdxtsmale@mponent (not

12 t 90.. [ 003 0 cha
shg}'%b th 4l§t1gcf a«ies SautHn ES Egclij 8?rretsH%n(ﬂr?ﬁ %pe{lgllgs égﬁ%r 3 owing the
ﬂmb |to 38 a&hdhﬂtﬁa (ﬁoh exa'm[ﬂs,saoﬁe@t tb mrrrairres;mmdrmgtfangertéf b beﬁcﬂﬁtfor other
' conmu the ports 42. The

St'&‘ﬁf“é‘? coé‘ﬂ‘é“f?ﬁ'é ?he.’fé’“lpﬁﬁ‘f"ﬁ E?et t (?ﬂt é{? W8 for receiving

(005 addi §gabéraplate 0GP BNEBosED ba@eemmea:tr@&tdrrudﬁdmheo and the outer
conponent stream 12 fraom a saour Cl?ggf the additiona

chagbgiotrent's shn Dhiuslyawinete therprat thFﬁB?CGH%'éteaPOf*}"&ﬁb%le"gth of

the hjedist LREiE PP HRAh RPN NGE herdin 4 1ﬁl|tl{eoégip&gieﬁ Rfaims, the length
flange to be attached (for exanple, bolt to a

ofcqseh 6 s riarast PRIcag dnigstoncangd iy meansothe étmfé\smmf ey gamgponent that
e>5[fé?fag Hﬁ)hg\m lt)ﬁ‘ﬁtuggﬁpﬂ@m of @e kditor BbRuit(1IBYIvhaR 91‘@"'1)Uector assembly

spacer plate 60 is disposed between t
1Q i3 @enqsqbd b@we@n the3firsaand sewendospctipnscifaptsbr8 99 the/sga@thbmdwt as

g L AUl AED bl JIPCRS LG8, o o
spawqbldu@ﬁ)smnluém passagewayfPptisppedd behwdensactt ¢fghd potyt4d and the outer
chamber 32. Each passageway 62 fluidly connects the corresponding port 42 and the outer
chamber 32 together.

[0033] The spacer plate 60 allows the injector assembly 10 to be easily attached between
the first and second sections 24 and 28, respectively, of the reactor conduit 16. The spacer

plate 60 includes a rear surface 64 and an opposing front surface 66. The rear surface 64 of



of each of the spacer plate and injector conduit neans
t he di nensi on of the conponent that extends along the
wo eovgitsased nal axis 20 of the reactor conduit 1BCT/Wk2N08/003668
the injector assenbly 10 is di sposed between the first
and second sections 24 and 28 of the reactor conduit
as shown by FIG 7, in the case of the injector
assenbly 10). As best shown by FIG 4, the spacer
pl ate 60 includes a passageway 62 di sposed between

th@ ggbeP 1a‘ie!180 IQQEJsét »Av%h gBGelh® RYbLEler ChaMRer323@s skeed by FIG. 1)

sag |'y connects the corresponding p
wb,ezre@rme frhet oluﬁaeer 66: ht‘arhb epacgpplpisFtendy outfveoiosywﬂm@spect to the outer
I
gRRERG B L] 5 5l 5T - SERIROf Bk hxicnsin
of2Hie froat szﬁacerféscpfem $paedrylato 0 witk raspest tothe outeticiambes32 allows two
S an
e SRR 3 L P MR e S0l R0 2P,
[08p4iceA pihahgf (ﬁl’bpbmngm@bdzxtwdtthrougstpe spacbnplhﬂaéchrﬂnethe rear surface

BB S IR, S o SR S o v

cdnﬂﬁrlﬂﬁthmctl@dds heflaige €10 ki‘zh’a’fgbﬁblu(aﬁﬁy sh O}M’nu@ gl ﬁereﬁﬁ Sihhitarly, the
i nset nat off the rear surface
f

SeEe FRS i He PRSP CgPf oo gey 5y gggkml@rvm& g (plyrality of

ofHingh 7D thep&RE dthe tfRNg R0 BETHRIfir@astar 43 the Ir&\éﬁ)r comluit 16 can be
ector assenblies to be eaS|I§%bolted toge r back

at{a@hqgié@ ithesrearcpusiase %ofﬁhgspager q 13gfg) ]ang‘tltﬂ flangg 7 H]e second section

29PEML RSP BorRiit @A be Qtrta‘eH&htotth@fr&ﬂ%ﬁﬁﬁcem%ﬁh@%aﬁér%te Gaskets
the-rear surface 64 to the front surface 66 of the

Téptamths, dlsms@mwwewam ‘Qﬁthq’ flangre7¢ ands4 apdcthe sngcarplage 69 frpassure a
pr{)F&CEﬁ% CRPRLiI7E df B Cex%iil@éd bbb YR 6 erhﬁ‘é‘s' '79 1% the flange 70,
urality of openings 72 therein. SIm
ccwsrmmdm@pt:mmgs G83n dife spheer plateciland eom@nmdl%onenmgsra%m the flange
[an
70§ ATKL U9 bt WD RIS L LOSAELons 24
28 oﬁtlhmreacﬂdﬁ coadnitbk® atthasmer plae tahd indaactlystogéthere 164higfmanner, the

s o R A
injde®r hssemblysidr 4nd dadife6tly fluidheconpaosertogdtiadr e ThE&hisk endssefénd sections

sposed be each.of the fl. es. (0 and 74 .
26 P top Tt spal B ERE ritrr Sy GREF el 9 Mg simete
red&oCendie w-‘iﬁhttﬁél ges 4hsmiughalbhel MperishgetiéRaliperitber of the reactor
flange 70, correspondi ng openings 68 in the spacer
4te 60 and correspondi ng openings 72 in the flange

[03§5] and sAbwE b$ Qhecéiﬁwth%s tthe afeded comiuitsot (asd Belck $hd mjector conduit
attach the first and second, sections 24 and 28

opea g9 archihg spacen plaePOhue eifraias crost-selion AN f'é%%lrcylar cross-

secRSRT Bfipes aké MicSinfR A AEsemblie 16 barfitulahd sEReRNr use m association
sectlons 24 and 28 of the reactor conduit 16 can

with (hlelar reafioreeanddity. o Hopevern ftl@cmmetoa@%q 90 i@pdah‘amce the injector
cdn'agilt I E&hhé’ 46)I aHadhy s&&&ngﬁtte?ofé Jtaﬂgﬁtl@ Sther diB&- sfelcﬁoﬂal Mes as well.

second secti‘ons 24 and he reactor conduit
Namimitirg dxajnelss orcludo ovali $quae apd ptber n%@oyalmeﬁectlanal Shapes

[Ot%h@gl As’ s‘:ﬁg&/h 9% tlsi:eog Wrr{g V\fhg rE)UFetJ %?ER%F 532412 So%ﬁglﬁ{j tHal R&E’IQ circular

Cross-s EC I Ona
cross-sectional shape. However, the outer chamber 32 can have other cross-sectional shapes

as well. Non-limiting examples include oval, square and other polygonal cross-sectional

shapes.



conduit. [0035] As shown by the draw ngs, the injector

conduit 30 (and hence the injector conduit opening 40)
wa@pastibwspacer plate 60 have circul ar cross- SECL/US088/003668

shapes. The circul ar crosssectional shapes nake the

i njector assenbly 10 particularly suitable for use in

association with tubul ar reactor conduits. However,

the injector conduit 30 (and ghence the injector

condui t opening 40) and the spacer plate 60 can have
[Oggﬂer %fe %&plto' 163! 7.973R9¢$5 tﬁ@m‘(}@tive cNfedlirfictdr r‘Qlllustrated and

ude oval , “squar’e and ot her pol ygonal

ganpmﬁg dmtedrbalthq;ﬂq@qge n{iper3b18. Adhesenston compnisgea reactor conduit 16
fo(r: c?n\glﬁ{:}%s aCcro(r)n ggéélgg ea‘M1 Z%Tpleahﬂo%gpdtil:toh%t & ggrqm:lt(mt %ﬁa&%ﬁro@ummely
pardﬂ&mhe nheaangnmmdahapes m bthe crao®s ccmiutu dharcastonparluad 6 includes a

miti n ex .
ﬁr& ﬁeéz IO%lgPyadlgn A pee %gg&gg C@Soﬁc e fg r\ét %%g@?% SOk having a
ddvaifs@édm Bgd 0DVt GpstredEs.end 28, atuda ileihetot benduitweait 88 defining a reactor

em cal reactor js. illustrated a eral l
T rtined g rorsd ebkesp S aap a5 Rl sndso,
[0038P ITRE $nv@nti @AGhQ6r T AGHhEL cobfprisey the amabutivd imfeceor assembly 10, as

de(sgflxbegpaebg\téea%{dr @g%nfa%szgl 1:93{12 pg;ilvxgt\%sg qtr glpjgacql%tg S Ql%rogzl:ll component (not

shoRAPirtd! eN@mpnbrit séBarRf12t NEne BRGHP rass@ﬁth’Ul(I is cﬂfﬁfbsed between the
reactor conduit 16 includes a first section 24 and

dayastseran sedh23 einthe glrst serdion 3¢ of the reacterrcongift eanhihe upstream end 26

ofsﬁg ts!e&ﬂﬁ SBAWnNEE & fi‘l@vi@zfctt(fr%%lﬁf‘ Gnd F1uid cHRREQRMARAGNd second
a reactor conduit wall 88 defining a reactor

sectms wif theopenterrrgnduit Wisethers b shewmrhetdr?emgfstheékngeﬁ@ sf the first
se%ér:{} %&;&‘ME SR @&Qﬁlht 1[6qg)§§zlché-(h§> thQYeeclpEﬁrYa%e 3 %‘H&;spgt&r plate 60,

r conprises the inventive Injector assenb
anglstheldmogd B df dizoseeonth d‘:ctlbﬂl a8 tof dheertagtar conaudriavitard)sd to the front

e LB RR-ER R0 SRR AR 3060 048 70

74 asd Gieeshabat plete root toeasdmpm@amesahd ERﬂtsd?fS arheextqndexi through the
secti 24 of _t he actor cqnduit e u stre
°pé°’ﬁlﬂ‘g§gao’f“ ff}?eﬂgfk%&oﬁ %o&?ts‘?(’&'ﬁmﬁSOpgf‘m%e r@ae ?*P ader’ BRIE 60 and
corefsbnting opertindsl 72iidllthe Tmpa@etandnbe 8f)|afeSthreadt€ﬂ (ﬁ'etoolirdbolts to attach
sections of the.reactor ndyi t to eth
g StV OPRIS, SeEHRES? a?ftjiefg(;ﬁp HEIr gt dBae o Bgergplae and
maﬁ&m @gﬁﬂ@f conduit 16 is attached to the rear surface
0

e .spacer plate 60, and the flange _ 74 _of
lﬂgéfuonah% i rroniTogpening APl didpeEioneRToR P8 Oéfheaeﬁ%tar assembly

14 B Aibfed WM the SR Bn&ft Hfeninbe 14 BAGGTirflls8dtRn 2¢aHl8kSond section
76 are di sposed between each of 'the flanges 70 and 74

2&pidthe Fraciop sersiuitibzand i fluideogyrupication Hieespath. Ja dhis magpgrgthe first
an(iSseR5ii @éﬁ@rﬁdﬁgaﬁdqﬁ@%ghhé R&cBP EHdIESI67#nd fhe lrlh%ctf)} @&gﬁut 30 are

0, correspondi ng openings 68 in the spacer plate
effastivelprar einglortadatey epdnit ngth e paitst 4 spaceth geound th%mcpss -sectional

pe{}Hﬁe‘?erségl gf &etJé&cg&d@&dBi@ LR 4!‘2) nb%/ gl% ?rgwﬂrgs aﬁ‘lg ru}:?or conduit 16
I'rst and second sections 2 nd 2 react or

inclodidgithe fi6st tand tskewnd padtens @Haﬁné 28ntliereof and the injector conduit 30 are
axially aligned together in a straight path (or at least an approximately straight path). As
shown by the drawings, the reactor conduit 16 (including the first and second sections 24 and
28) and hence the reactor conduit opening 14 thereof as well as the injector conduit 30 and
the injector conduit opening 40 each have a circular cross-sectional shape. As shown, the

diameters of the reactor conduit opening 14 and the injector conduit opening 40 are the same



indirectly together. [0039] The injector conduit
openi ng 40 of the injector conduit 30 of the injector
w@as@endisyo 10 is aligned with the reactor conduP€T/US2008/003668
openings 14 of the first section 24 and second section
28 of the reactor conduit 16 and in fluid
comruni cation therewith. In this manner, the first and
second sections 24 and 28 of o he reactor conduit 16
and the injector ponduit 30 are effectively a single
or'df Ak CAppRATAMLIY ¥ Labhel hﬁew& Ehahber BRGEH AHAAH BeAdife around the
Cr oss- 8ct|ona peri meter of the reactor conduit
outsdes hfase By ofhtbe dma%phg@dutt heallr Ehelooe thontgs-sectional perlmeter 44
th?rﬁé%; Sg? na‘%o& eﬁl‘fel Eﬁacgrgiggartes glg gﬂgf’?&%l e 123} g{éﬁdiglﬁar or at least
ap@koxgnaellytp@gnahdheﬂan tn the IsllgIGlldglht axmlomf(tlm reacttoﬂ oea@llt En

[0@?@ Etl cga lr?tLZheSt ! gqrq?tcgg m&wd? af%rle(slo?l ecgé/r assepﬁlle% 10 to mject one

oraﬁﬁi'e%ﬁmﬁﬁhnmﬁtol thé sorddongnicsti2&h 1arial tlieerm%ontdmdmea@ifafesned For

con UIt n 4 _thereof as we ect

xRt S5OAY et HceSIor CORTIE: apbrih i §eclinped directty

ad&kﬁﬂéﬁ ta e@él’( 6t:cldblaklf;]et\ﬁédﬁ8tﬁc dewidtrefnalensd D2 PE theABrsSiotieh 24 bEthe reactor
i ameters of the reactor condui t openi N 14 and t

cqngpiparcthe utitramiend s Mf My #ePndroEctione Vi Horacsp opdf. The nange

7ROPMEHirsrekalon 14her hamBctof BEndRit 18Tis GRAMBE ko & k& sarface 64 of the
conduit extendi ng around the outside surface 46 of the

spReflr Ao PO eb HguRieCtpapsserslly d0#n §inikeelycihg dlangsedd plotigisecond section

2P6F B or*ébnliie e fachRibioahe Wbt silteics BBCHTthOkRclr pIBted60 of the
direction that is perpendicular or at |east

injepior essemhtyel Op. Seaskeindf et disposed hebweansaeh olide dlangesxi0sand 74 and
thé 901%‘58&% %Q&:tr rat ] btetvae@n tl{e%z}l%urfafcesd&%frtﬁéjsg)aéa‘?)lates 60 of

react ude a series of I nj ector ass
the Anjeatori aspemtilies rh@a @ud il © asenmpameapes sdaht Bolth @8 egreptended through
thg torggrﬁfm%slﬁagnng tehﬁangg% ?%\re%@&%w\%op]egmé% t6grq§ g{cl’eg gp[%%:r?élgtes 60 and
col@@pcﬁdﬂhgib@&n@s@Zdn slmege @#,rand hhty 8ﬁdfmmatledcm teahﬂ1bolts to attach

ot.her between t.he
g et S pechfts P03 2 TR, e Sorlui 1B T, et Phegr plases 60 and
in?_ﬁedﬂ?ltbi&hcﬁsdﬁ) migls S?rﬁmhd'f:ro the X&stodndt deeorrdeaeﬂi@fs Hoandud & of the reactor
e an . of the I rst .sectlon
copiit s Buifly péslfiLly e wiRgon sapmdiss flgn angADE RS Rl indirecty
conReE& to tﬁére TRO figsk atd@cort RetodE 28868EPDbHthd Ractor condu1t 16 and the

Simlarly, the flange 74 of the second section 28
infeigT jcgnisr S o s oprubliss et 108 eistipsY hecans faa%%gle reactor

cdBuilvith l&?e poRqe Epd@k@&l%uxﬁpth@Eroﬁﬁ&cﬁéﬁaﬁﬁérﬁﬁet&%? ﬂ{ét}leéétor conduit.
10b. Gaskets 76 are di sposed between each

. of
[0911ldngé§ apothgigxamplea Agishope tydiled: wﬁdﬂﬁ@toéﬁ%@@ﬁ?“eﬁllﬁﬁ and 10b are
&l BELVRRP c&nﬁutf T6ORta sHdfddacRBoRRipWith Iﬂ%pé@@&@a{ch other. The

ates 60 of the i njector assenblies 10a and 10b
infestor peserblyr Wlods d§9@ﬂed besayeew thegloginatreany eid@2dof the &ﬁg ﬁectlon 24 of

thk I?cedc&)p %Qﬁc@%‘c‘alné %%%']@Strgﬁn feh@@? &f t?lg ’se&gfi &80 Q‘éio@ %he r gactor conduit.

openi ngs spacer plates cor respondi ng
Thypfiamige @& of7the ifipst sdetioh P nfyde T’eﬁctoamdnmtl é isgMaelred to the geat surface 64

10! TRL ﬂ@x%. S i

ofgg% %p?icérg)?aég 8(1) Bisdthégu &r?%&mtbgpc({aor ¢ I I’)?l o%gﬁ%dsgcc%rﬁi esectlon 28 of
the peaxgor q@indoied 666 attached to the front surface 66 of the injector assembly 10a.
Gaskets 76 are disposed between each of the flanges 70 and 74 and the spacer plate 60 to
assure a proper seal. Bolts 78 are extended through the openings 72 in the flange 70,

corresponding openings 68 in the spacer plate 60 and corresponding openings 72 in the flange



indirectly together. In this manner, the first and

second sections 24 and 28 of the reactor conduit 16
w@e@sfibaspa@l y connected to the injector assenbl PEFUIDAS/003668

and 10b and are indirectly connected together. The

first and second sections 24 and 28 of the reactor

conduit 16 and the injector conduits 30 of the

assenblies 10a and 10b effectgvely beconme a single

reactor conduit with the ports 42 spaced around the

503 3718 § bl AR e8] B3hEbolRlio bRENRARKPENLEQREH docti

7?88§§Tt§zstdaenot ﬁeérzﬁéxarrp 0 to E% ES Fll1 G 9, t?\t/:\%ons 24 and 28
ofi th eettor candsie hbld the spaer rdatd 6@_ and md@e@lwgwﬂmd Similahy, the injector

I R
asrsqglgbq%gtbb ;}% Hggés%d %?tﬁ}egn ﬁ*hcgo%ﬁlﬁg%a %r?& 2@ gg Eﬂo sex\éfg sectlon 28 of the
realdtsrpccmddlt laed weeupstrign dod\nﬁ?stdf@atﬂnré rsectdB 100 Ctthhe f@ar:@t conduit. A
ﬂ%%gg#)??%éé ge(e)cfggé ecnr e?t?%fo tlilﬁge%gtgy I tndunrt &8 (l:stagtfl&g%n du%{pea?rggrface 64
of the spacangdse 60 Oﬁfhetlhﬁctf)l' assémisled0b.0A Phgol 04 biethe ddgt section 100 of

condU|t 16 isg attac to the rear. surf 64. of th
the Jegedyr ?ﬂ“g?‘ésiéds &Paqﬁg P rife diogt S @8% sfc% I asSembly 10b.
G4dkaRT6 afddigfostd1Bet&e&DEHdh HE el fRAga3B 0Qfandl N04 aRBGk @pacer plate 60 to

conduit 16 is attached to the front surface 66 of the
aSSYIF e PEPCR SN PYIts G4, aresfafeafied Hgoughe opRnies sed "bél?ewgléﬁge 102,
ccﬁ@@ﬂbn@fngtoB@nufnés&Bgﬁ$he759a<§9ga%%o%ﬂﬂl cbirRpSIRAELSpeRingd B2 ﬁlQhe flange

to assure a proper seal olts 78 are extended throug

134 andpeth PP gee thzeafiwl ohee the haliretoatiach Be secopd ﬁaﬁi tyrd sectlons 28 and

1P hE g:%ct@ﬁcdr}auﬁ he t§ %Cs?xﬁcep bﬁ%&(ﬁ%dﬁﬁ@ir&ﬂ& k&RBRAA I @is manner,
openi ngs 72 t he nd nuts 80 are threaded

thorhrito Seed By M sectipninih, 2ihand (90! Bscreadependut 16 sre fuidly
confi&iddAB% czlﬂje@tgijasgé'a@l B?aﬁoe aﬂ& 1&9@&!& Jom]r&tédoto%é?ﬁer. The first,

spacer p at'e | rect t oget he Simlar
set¢rel andjthicd @ﬂctla@sﬁqﬁwnmw péthdlrwm edndvtt Meand thé en'ector conduits
3dj gfv\{ﬂg tassg%mn nlq)a af]id 35? %ﬁgctﬁlg CB%gonsl‘ee g gfng% rg%toqfcohéﬂﬁt with the ports

r@act or “condui t can e u s ream en
43@ad:ddmnodh6®heocfrostslmectroaameumem nfithe teactdr Edrdngge 102 of

cond sec rea r.conduit, 16 is
100# 410 RS SERA o5 e et O i B¢ R iERRRNE. oo Fanctgp 18 can
molildé btﬁerl cmnthén’ts %@elﬂbFM ek@tplefad slhawg Ebym@ of aichéiscussed further
t he reactor,_condui

be ?‘Y dE F?E%I {“é“i‘t}’(g ef‘1b8ﬁ‘f“e§b HhedEYel 8o°1°mtpﬁées| pﬁf E%att grsemblies 124 and

I%SﬁEP'w-héaﬁl@eorﬂﬁﬁlkﬁE Sorforming thH sPpapachtatmean. Qﬁy@ﬂof)ﬁssembhes
t he anges 102 ’gnd 104 and the $pacer pl at e

sedrld* aippepead Qeyectippherengalg comaInsha o ﬁlr?rraefg?f conduit 16.
ARRGBRLRASUBLZ 139t &%vihk@m&edlﬂegﬂy RN ERP Q081 @BRPLRAE into the
68 °in the spacer plate 60 and correspondi ng_openi ngs
copgpopent shigant || al9aE en2enekaty along shedongitudinahpxdabef He reagtor conduit
g he bolts to attach the second and third sections 28
and 100 of the reactor conduit 16 to the spacer plate
[08#3]anReferving eaw Ity FlGYeT laad 7A} thet inventive whemicak precdsp fis tllustrated.
Oﬁ@BPﬁgreaMnr# “L‘rﬁtg Fe%hb&l%l%d %3 tl?eSrCQagr é&gu@fwtot?‘?he reactor 18 in a
reactor conduit 16 are fl ui ?y connect e
mamjee ttabeavaesstberiobmpenen@s) tadlgwiBie eameponendistream |19 through the reactor

ST AL 0D A0 PSSR PO ey s

infehedi(ng defired above)uintosth8 Goofpondne sasme il i By ddditicmadcdbjonent is

tr@g\r/e[r%etly mjecxad mto?he co%‘np%lngrg lsterearmeiaf{hroug ?uréll‘ity\% pcr)]rtst sr;])aced around

the cross-sectional perimeter 108 of the reactor conduit 16 (for example, the ports 42 of the

inventive injector assembly 10 of the inventive chemical reactor 18). In one embodiment, the



42 spaced around the cross-sectional perineter of the
reactor conduit. [0042] As understood by those skilled
WO pooBhassgart, the inventive chem cal reactor 18PCHIS2008/003668
i ncl ude ot her conponents as well. For exanple, as
shown by FIG 11 and di scussed further below, in one
illustrative enbodi nent, the reactor 18 conprises
pre- heat assenblies 124 and 126 for pre-heating
components for formng the conponent stream 12.
chrgJ tﬁx%hg{ ﬂﬁﬁ%@kdﬁor&?’&rﬁﬁ&eﬂtqgl dted i'ﬁfo' tlllng %gm &ent stream 12 are
I njectrng the preheated conponents into the reactor
equeliyd LspacediG(or Aat leajteapproximpighe eqBdlyi spaped)viardentl fthy cross-sectional
directly Lptro i itional components into the
peé@rfc'geornlg%t&@%rreeag%r*ﬁ?f[(g%gﬁgﬁg or generally along the
[0De4]gi fTheliadditioreaticom@oheof istihected dudugh herpdus at 4 Gelofi0 48Ticient to
RS T i e s PR bRy tver 110 or e
conpraeiietitsin a2.eld oier eshoditknt, thOaddittna Pamipohet d$ thjdcted kBrough the
of the reactor 18 in a manner thaltﬂcusesthed. It
PIBAS ShFeqTe) SUFECIPT I, BuseathE dRsIfeNEmBTe caerreading 8 fhf resulting
cdntiRnéfatleah 120AQYithe 3bMpdhehh&reaMnEl hitéH thalinjedtioh AOthe additional
thereof. An_ additional conponent is then transversely
cqopetdbereial todst inrflel e 96 Jrommce {(do Qé.mlgr?@ﬁ;hes?meﬁﬁwem’ the
addZiondN@nAHir: iGRRLeS AFOQYAGRY pdrfs at h 3BIBVIBS S@fidlert id SfkEthe Natalie
Into the conponent stream 12 through a plurality of
Npobersoggsnoading toths desulimgcompaneststrgagnkd toper §-dret kess- 108 used and
76 iPlhe GARAHL c1difhs(hONaB KA RRIBer dRSsRABRS tdHthe resulti
deggne{i E‘gelﬁﬁ‘venﬂ{c/eg&nﬁec% or Sasse?lrbl y 10 ce)rf t h%&i nlvgnt [ \%esu e
capipent g atreane 48 tindetdrglined| ay acpoint drthecitnaam t(the t “‘peipbint gpestion™) that is
h b 1 hew o < i .
o L e RO Y PR cgpni 16
ddvemstana pfthe poinatfahjgctenud theyadditiand dpmporznhia thégream.
ss:sectiy onal .perimeter 108 of the.aeagtor ui
OBESI°7 8354 NoRIE MR et PGS B pBRE bhveen e
conbenmagibn biecgnponsntait a poielnaCmaiy ssednd hd hathebretica esrcentration of

the additional co nent to significant enetrate .
thf R ereat TS A oy D o Vs e g B P e erfectly
mikd with tRMarsheshh aediich pbine Gstaputativnal luid dperded s used to calculate
i njected through the ports. at a v Cit. suffigient to

the H9BEETITAIOTNGY ] Ao N SHABPORBTARY a&ﬁ@ﬁﬂift%as fppged across the cross-

seb@sial hich 1€ APMPOheRtik @BiTecH rhixe® with! A€ rEAMREEMMN Lt the point in
stream 12 after_the injection of the additional

questife Hisrtariapeerwille 20 B- {Qn the othen higed, df the comporang is gpmpletely

urn®ix&H with R RPLREM R Mﬁmﬁuesﬁdﬁ?ﬂfédfﬂ}iiﬂc@ Rl be one (lg.
conmponent is injected through the ports at a velocity

(00461 i dhentthe NatabeNembbrecdizspindiag Mo tirereswting egprondintingream 12 at
to the resyltin onpon tream 12.t0.he 0, r

p bt e’ BT FRERP T dbr, 2R Mk B el component b

petikiaated thet higerNaduatare 1iyentieéd aad miiespomrdithg comporest stream 12. The

resulti onent stream 12 is determned at .a.point. . .
NS NenBE GG CrR ol i erfe e By 42 fgfmined in
acRbaenddivdtiehe filo(ingeequationdi st ance that is three tines

the di ameter of the reactor conduit 16)

Nya = [[(Cae = C1)* dx dy.
A(Cavp)’

wherein:



downstream of the point of injection of the additional
conponent in the stream [0045] The Natalie Nunber
WO e@Bae3@M S or quantifies the variance betweenP€@TES2008/003668
concentration of a conponent at a point in a main
stream and the theoretical concentration of the
conponent at the sane point in the main stream
assum ng that the conponent g perfectly m xed with
the main stream at such point. Conputational fluid

dynam cs | s u&ed g @F

¢ 2 &ehtpzﬁloﬁ%(iﬁptaﬁ Lbl%n cgnp ent at the
each of [N a?ﬁ@tah&’ﬂénﬁ%ﬁg gﬁ@%ﬁ&p ?ymlxed
cr osssec 'ie{}ﬁ re%lﬂegc{ er
m xed wt e mai n°s

ream aﬁ {Lﬁe pOI nt I n questl on,
the variance Y‘f ] thb acf:e & n(:er?tratlon o% El% (a ifihal com%bnenft at each of

h
ot &3&”‘3@”?@%%%‘%? 5kl o A S 8 Prosmiss U Prend

one (1). [004§] Tus t he . Nat al unber corres .
to the result %Fﬂgﬁﬁ%?ﬁ?o'ﬁt f’régﬁ’ff Nf TECT N ﬁ? algﬁhe point in
quest i on GHest ‘rOBfI ective of the degree to which the

addi ti onal conponent has penetrated t-he outer. boundar
Detggipatipppf éhdemU@eHumF?rﬁNﬁﬁ &Y R0 1 Fesulfing sommaqiht strearm

108 tratHeei1NFREd byl BR¥Mpl€PBdI®spPOoNdi ng to the resulting
conponent stream 12 is determned in accordance wth

[00HE £ &1 loBRcHGOodigsAS i thh addifenabicampongntis; ¢padycfed 4y éhe ports in the
reaQOCEREGRT S NhcREs Fh@%oﬁg QQ tof FH@% e GOSN 18} frbGinRRkd chamber

I'n question assum n he add| tional " conponent is
thato epiéresis edrgundi she coukiiden lt%@f rﬂ@% rhagtion gordyitp bh eleng sthe ezges-sectional

pe:l'i?netegI 108 tltﬁe!??ofetglfcﬁaals tﬁeo&ﬁwhglﬁlbér &ff tg%g‘ﬁef&&c@ohalﬁp %) The outer

mponent of app roxunate ocat | ons
clmpﬁaelelﬂ lacarcosdwit dxgendingssoumd the mmcle Hi2ed theaneakctgy condikrie 16 along the

crossos%%StlonalCt Ier(%r% 16 ﬁl.r()gathgieo% I}l? ;{%ﬂgét%r fh%pqm m]eﬁdlgk‘al: I?)? at least

&rmination of
ap(phbmjxatelg:rpqupmmdhng theoolohgierdinabanig I(hgf tho rqacmecnndstt l éamch as the

oqu?z{ CE}%BI’%I%% (93 tl}?lelhljtegt%% %oghgg (lj{? ¥f tgx g{rgtg ll’lz%)o ne n layi\{iltlgna? coxanonent can

beCiajeduea tirgd tlicCouitdrehpabdrsn isichtdw@anneadboexampled i 4 suFficibuelocity) to
as the

orts 42 of the injecto ssenbl 0 ro a e
cai e oAbl <edent, bt shith SRl RS PRET chrdih elonh fongitudinal
aidBere6R CSWiklirpOhe Hdidltnarﬁl %rﬂﬂlﬁeﬁthﬂoﬁétﬂﬂié OBRE thadibt may help assure,

perinmeter 108 thereof (such as tP u ’Itl] r.32
fo ARG gkt e ARG oTBTETtFgeTaall Of TERatbe Saiuong) Componen
infeeRdUhto BXBRPbMGt afr@Nd2tdAR beUL Sihgle rdabtanPor LRRr component or a
reactor conduit 16 along the cross-sectional perineter

copgEnating pEesactanfs andiprrather CoRPANSAtS in wappe figwddr sy ot at
[0b$HSt R@F&Pﬁ&%‘h&(@%@'m}@e[@%mﬂ heul ?focés@ prﬁrohﬁ’aﬁ% tivgliu@dioxide in

axi's he reactor condui't such
accordance with the inventive process will be descnbed A gaseous tltamum halide (such as

titanium tetrachloride) and oxygen are continuously reacted in the vapor phase in the reactor
18 to produce titanium dioxide particles and gaseous reaction products. A stream 120 of
oxygen (O;), or an oxygen-containing gas (the “oxygen gas stream 120”), is combined with a
stream 122 of a gaseous titanium halide (the “titanium halide gas stream 122”) in the reactor
18 at a temperature of at least 700°C (1292°F).

[0049]  Prior to being combined in the reactor 18, the oxygen gas stream 120 and titanium
halide gas stream 122 are pre-heated, for example, in pre-heat assemblies 124 and 126,

respectively. The pre-heat assemblies 124 and 126 can be, for example, shell and tube type



outer chanber 32 of the injector conduit 10 of the

reactor 18). The additional conponent can be injected
WO ni08/18d4820 out er chanber in such a manner (for PXEDF1088/003668

at a sufficient velocity) to cause the additional

conmponent to swirl through the outer chanber al ong the

| ongi tudinal axis thereof. Swirling the additional

conmponent through the outer ghanber may hel p assure,

for exanpl e, that the additional conponent enters all
c?lﬁponeﬁt l{%gt%};esn tThg&?é%gldéfg stgeglﬁl %Pg@g&ﬁlnﬁted ltcpér%qﬁte z}sge%bny 120 from
a edunerr lzsahq:remfand porheated aorb itamayierapure df the eagt ah frsmah@lﬂagrees Celsius

nent | i.qui or, S urr
i, FETRERER ettt 0 iyt Ferdhctirt b BeTaneecyfrom 38
d‘f%] 31;@;}1??‘32 th i toam Ingn(d:(r%iOEiB theﬂ'elﬁC (begdal}(; ehewlitaiiuinltalide gas stream
rocess W be a
R are Do e R stemity 15 Ba setised LHHERPRagd pyechested to a
tefp¥@aite af @e eMat bNEOMSIY depact @J0iR) td huez uag)@(ushwge tipically to a
the reactor 18 to produce titaniumd Edgartlc es

tegwaraaagwbgr%ngea%ﬁﬁf% 18156’6%:& 75h) & ¢ ééﬁ?gl A Fyibgtdm

[00SD) . TRE pROhENCSACS p &P BAsAitidhMdl 20 Afid (oténﬁeate@wgﬁmn dRfde gas stream
stream 1 qd)af;ﬁ is conbined with a stream 122 of
P

1 ¥aare feadyct 0 ArerBeat desembhies 134 anghi Inionigjectien gsaémbhes 132 and
1 &?E@tflf@% and DerbfRed $RG W AirstlBachibn ZofL TRES AL FRcRE cAlduit 16 of
éa 7000C (1292F). [0049] Prior to bei ng conbi ned in

the heactcedcsttmrema Tltemre@mygé(h agfh§22sare éntradecx@ igtedhe firshm¢agtion zone
10 B8 9 AL B 18 RS0l P RABl O o s
cqmlanédemactaﬁ$endm ile@shrbgh theded®d aduibég afoog thexlangihelinal axis 20
th%lgg#l and tube typeconponent heaters. The oxygen gas

ream 120 is conducted to pre-heat assenbly 120 from

[0@51;]0 urAseshd @ by FEG.eldf trendjegion-daeatbéids 132 andt I8ApeEr @nhoeated together

oy BBt Bl Snted RGP oDa FOF ioubE hpbt Tag ¥chudes an
upsﬂ*ezirh end aAgea dwiistroam 38d deg andCah 15&4oh condulOspeningdi46(extending

]ﬁ) g % therein. Simlarly, the titanium halide gas
axiglydt p¥ghs conducted to pre-heat assenbly 126 from

00530 UIThE oy3in hestRam iajetkidy aﬁ‘ssdihﬂﬂ} e3b ﬁl@luaestaecgmﬁdlﬁall 8haped case
[lnﬂt he ran)é% tgf from 121 deg (2500F) to 982 de yShar

1308 W)ﬁ dowpstreag) g {1g2.a21 @ﬁ@f@ﬁ%\tuaft@amnert%éﬂ awbén cﬁpemng 156

e)ft&ﬁlm Heferefardugif O db@nstrédm a8 -walt (5839 QEurddB tRé Bownstream
(%] The pre-heated o (ﬁgen gas stream 120 and

erplr bizh?’élétaédlpﬁ‘ifqaah?Whléllﬁ & geayed tor Baprsgremagnd 154 of the case 150.
GERRRUGE &L HdsRIBhES ﬁet@z@éﬂ th@%%@ﬂgq}ehﬁsen& 28 ahd goivﬁstream end 142

I njection assenblies d 134, respectively, and
aridrthe gpsiceern qndt"@”al 60; afndtuwté@m ¢ngnl S#gnerdes @ asurelgeproper seal. The

mé?ra(gl;uﬂgtercggg dy %ng é)%ﬁ,-mhé‘ $54 ﬁ%Cttl%r laflré?l' &mgtﬁrb(}f theTaﬁe 150) is larger

are”introduced into t
thaeaxctauwndmoneraﬂtﬁe byectine comfugdtf.on assenbl i es 132 and

[Oi’g?ﬁbl nea Y& éng{% ;n{w;}%‘% eog%ﬁggm%ﬁ%nsctqrﬁ&t"gé r eactn nd" hidugh a central
partod U6a ofl he @bwngrehineenidomdi ti8ckorthat aap@r&orﬂ@f thh em&tuit 140, generally
near the upstream end 142 thereof, is disposed within a portion of the opening 156 of the case
150 (i.e., within the interior of the case). The upstream end 142 of the injection conduit 140
is spaced a distance from the upstream end wall 160 of the case 150. The space between the
inner wall formed by the opening 156 (i.e., the inner wall of the case 150) and the outside

peripheral surface 168 of the injection conduit 140 forms a chamber 170. The space between



[0051] As shown by FIG 11, the injection assenblies
132 and 134 are connected together by a cylindrically
W@ b@pashspmj ecti on conduit 140. The injection cPeTUS1008/003668

140 i ncludes an upstream end 142, a downstream end 144
and an injection conduit opening 146 extending axially

t heret hrough. [0052] The oxygen gas stream i njection
assenbly 132 includes a cylingrically shaped case 150
having a downstream end 152, an opposite upstream end

thi%éstr%gﬁjl éhl 199 Spﬂgg \?\%ﬁ%@r}_ g&tcﬁlﬁq%@ Qn@fﬁ'e %k}&tYCtaﬁtﬁg %Jatl‘lr l%@qglms a slot

ownst r eam en_ ) I's secured ownst r eam
1Endhimszlla\mjfcmﬂuubsmremnmeﬁdmvbameemﬁhﬁ thamber 7@ df the caseel 50 and

the ’i)niécn%ﬁ% aﬂg[ g)gnﬂin i&?%@%@}u&é&ndﬁ?%ﬁ? ts 162 are

Ione ream end wal | 158 and
[Odmsffheam beatbd1ehd gamdast h@ampls?tOr isandurtedwadrh the Preglredt assembly
I#p éfé ag}ng{ é’;(??f t:hcr:] cags%qg() tlH'ou Sazﬁllm%t ?a(g Fg a2 b TEQ fhlet 176
canreepositioae ivith redpettite thm&ﬁe ]lSO))n ns offm‘tgﬁ%mnt:rhﬁnthhh&xe oxygen gas

out er di aneter. .of n condui t 0. .[,0053 .
s34 T RPN iy 5 PR PO oAl (TGS @ circular or
svﬁntrtgl’iﬂl&ldnhb eheQdky@erC eIpbr ﬁfeaﬂQh&lheOdhaﬂnG@r Ofhetdiv@ular or swirling motion
stream end wal | &58 so that a port

iQn of the ) .
mg BRI assuIador Femalalt t%@fygf%éa%éwf@&ﬁy &Rigrs1the conduit opening

l%rﬁdrﬁﬁfoundlﬁle@lr&ﬂﬂﬁﬁﬂc%ﬁthé glotalmortl on of the openi ng
156 of the case 150 (i hin the interior of th

e
[0038e) In thee emb@dlﬁ@awl@w hﬂfI@f I{nha sepqralet inlsAtioAbgi 135 extends

thf’oﬁgh ltfre ﬁﬁs@r‘éﬁq Gddif 88 End LAMNY DQliseRRE R8T Bchi@de the injection
case 150. The space between the inner wall

cangyifrd 610 byl'he haiegiparinbry 135 6an( be vsed tp Hetrqdyere pddiignal ggmpaenents (for
f i
ex{éﬁ@ﬁa &?@urlﬂ ggetngelg l{fnesxlfg& r?@(réa‘ﬁh?f frm® n%'[n tﬂ% geg.é'tggf](g]dult 16 of the

[ Nj ectl orns a cha
ms@atélbetmeenthe upstrean1end 142 of the injection

[O[jgfg du 'ﬂle JtAt'q‘ N Ci1a Fo 'gys? glamje%ﬂgn \Q@Jelnbf}ﬁ 934{ Qr[c S%y%ﬁéldrically

whi¢h' I ¢ conmmuni cat’i on be
shaimirdam 19Dﬂﬁvrmg atdoe/nsimm e;hBG 92l dphesite mpﬂmam(mdclem end 4n opening
cti,on co dui t

146. he.in 4] The
P R Rtbe asfly bRl LomoSSR ead Grait d88 b hefiRg 1o the
dawstréedatndsRe st an pdeateridheal Ctanbssicutd G ot updtecatiend 194 of the
t hr ough inlet 1 in the case The inle
cayfoc, XKL aTerk Positied Petvert e S Prssapitad il 99aGt fgnstream
endl 9Qfaf1($ ﬂfelulﬁﬁl‘ﬁaﬁlrenﬂﬁ)vaglhl?b ah@ﬁ%sﬂ&adﬂ 'eﬁki g%m%ﬁ‘deﬁ @dﬁsisﬁrﬁg proper seal.
tan | a ] te rom-t I N Into.the er i
Thﬁ'@ oJ‘?’H?tF %f §y dier usning 18? (55 TP IRST SRSMEEH OFahet fase 190) is
1a@émslmth\éa)mf& dfahfe&ilﬁfﬂhﬂ uréwioﬁ bafaarn40.The circul ar or
i ng notion assure, for exaqp that t

lﬁeillgeﬁ hvéswstmmf%\dnw ‘gﬁb%ﬂ@e‘ttﬁé ceptiul 4 aﬁ@rﬁsﬁgromalsg central
pdrfiGHM@" FURdy a;ssn@arﬁ lehd Wal 206 gts:faapaf ;iarh@n &t Bt cdrfdit 1400RRLrally near

In the enbodi nent shown a separate
thg dpwesticam enddé4 sgeeob s éﬁn@sed mtbungpqm@l aithe opening Y of the case

%6%“&,: gfv?tgwatﬂg uﬁéﬁoqlolf ¥heacagé).s 19 cﬁ%w‘n&];egmt 4}1% “aY8he Hlﬁechgr? conduit

140 is spaced a distance from the downstream end wall 198 of the case 190. The space
between the inner wall formed by the opening 196 (i.e., the inner wall of the case 190) and
the outside peripheral surface 168 of the injection conduit 140 forms a chamber 204. The
pre-heated titanium halide gas stream 122 is conducted from the pre-heat assembly 126 to the

chamber 204 of the case 190 through an inlet 206 in the case 190.



conduit 140. The injection tube 135 can be used to
i ntroduce additional conponents (for exanple, a
W@ ewansasgo agent) into the reactant stream 12 fRCTES2008003668
the reactor conduit 16 of the reactor 18. [0056] The
titanium halide gas streaminjection assenbly 134
includes a cylindrically shaped case 190 having a
downstream end 192, an opposijte upstreamend 194 and
an opening 196 extending axially therethrough. A
Sty i : I
BT 5 AT GREHENs IR hi QAU FFolghe |AoERHATR 1B S e reacor
18 ergendsshrongine cendral 9artioh 1A ef thesdowrgcanGank wiall 198 2f glreecase 190.
e .198. an .
TR TE RSl 284 000 PRI SLbCAT Rt Bl 15 GBieg o cistanee
axiqi bt fr@a rhealodhndtgeam enddﬂd@lf tlteonja‘EEm rcendantplr%p’lherebye &rmingweslot 212

.ipner dia for en|n

mitﬁ"?qgl}a"&‘i’lég@“{‘ g’fheo otﬁ g c}/vg%es ?@6? «i:om %r}lc leos bﬁtg"ﬁé? h—g chamber 204

ar@uhe cordu wpéreiig 04 of e firdjsextioh QM of diectedctor békuif & he reactor 18.
stream end. 144 o} the injectjion condu

The do 40 .
R A AR tsh"é“‘ﬂfis%]tgé‘ﬁ%w'th the
inRRBAoNEINHU Ofkn$ip BT thR ijeEtion@Bnduit e condui t 1_40

rally near the downstream end 144 thereof,

lﬂﬂﬁ%]poé“ hey it 2AP gam bgypesitiangd with resaees fR e 5g5e1198 ipan Pﬁeet manner so

th&OBE titeBRin{ halRle vapbristesin idRnkdtigly PiecRl AL tHeARRY into 1H@ chamber
downstream end 144 of the injection conduit 140 is

204ptqciatoducgiaseiggydas of rsoling eneiionie tthe XpR0s firesialin thoghagiber. The
cﬂ:clﬂﬁlr %?%6«1&9@ moﬂ%ﬁgﬁ&}aﬁapbﬁgtﬁ’@ &0r 'é;(‘ﬁnﬂl@ ntﬁﬁt t\ﬁ@ltitarfl% rﬂ%‘ﬁde vapor

t he openi ng , the i nner wal of the case
umgmlyamttrs the cmﬂitumoaempe 4 pbmagiund thefcare@nfpe@cebf thpelot 212.

[Og@é?ﬁggt i dsq 9&@15”24304'%({ f%é&g’r c%nﬁmﬁgq}leﬂav§%;frustga§mc shape with the

trtaniumh as stream I's con ed
dihmetar bﬁ@emeeﬂdnemt:reassgrﬁbhythtmsur@nt bl 2Ohnbe clistnéam end 22

ol BBl SRR 3 SR Rt P Bt oo o
welf. the react or condU|t 16 of the reactor 18 extends
h a, cent ortjio of the d str )
(o i1r e, mBeko SRoss deff cbaiBut MR ST Rgd, grveen is
infrodugkd 5RCA sdaan&&aafontﬂaﬁae 2296 tRreftdtddhduitl that 1§medeen of the
downstream end 144 of

di st ance aX|§II¥ &81
BTG S The SO SPRRHGE PRy eReg) ieSisd i ghe reactant
stlelg Rh@sher pldRfity Jihsors! sﬁhcea]a?ou‘hﬂcﬂfé 6iR8s-dectibrmdl perimeter 108 of the

comruni cati on between the chanber 204 and the conduit
regionguin 46 ak a velecity susliciend &q rayse the additiopad cpmpeneat to significantly

penOftlite &@er(gouﬁ(ﬁh?y IBREY A oflfe r@Rt22NARAM 1) eIIP Qﬁkdé}hﬁodlment the

opening 14 of the réactor conduit 16 is axial
adgtiogalecgmppnant isHajertagl Breughrihcrmigat 8 velpaty swéﬁq% igfauptie Natalie

Nﬁnﬂb&"‘c&r 8&99?;? fhe ?‘e%gttmg chét%ht s-{xlggmi 1&'@8 %p@eq' l%? from zero (0)

pOSItIOﬂ resp ect 'to the case 1 I n an fse
torfehn by amsther hatboqhm@nt, itheagsldifronbladompensnd poinjestedghrouls the ports at a

veicg;ﬁ'g(?&tﬂlc%b % IatﬁHe%ﬁJ ﬁQtaﬂ ﬁmngé}%otrgépg dij1 quh% R%ul%ﬂ%‘%ﬁ&m stream
roduce a circular or swrling notion t t he
12tabe 0. 5érleamThe Natudie Nvuarbisecarre§rading to the resulting reactant stream 12 is
defined and described above in connection with the inventive chemical process,

[0062] In one embodiment, the additional component is conducted to the ports in the
reactor conduit 16 (such as the ports 42 of the injector assembly 10) from an outer chamber
that extends around the outside 112 of the reactor conduit 16 along the cross-sectional

perimeter 108 thereof. The outer chamber 32 is a conduit extending around the outside 112



circular or swirling notion may hel p assure, for
exanple, that the titanium halide vapor uniforny
wepoensssphe conduit opening 14 from around t hePCT/US2008/003668
circunference of the slot 212. [0060] The first
section 24 of the reactor conduit can have a
frustoconi cal shape with the dianeter of the section
increasing fromthe upstreamend 208 to the downstream
end 22 thereof. The second and third sections 28 and
of]’(ﬂg r&i@t@r Béhigit b mdngrthef S GRRLIGREIMRRARES tRRoMR] 4 direction that is
61] An additional conponent chosen from gaseous
pqrmndmulalmqﬁaanl%t aprrowsatedn pepepdigyladiacidd Ippgiydinak axiprd of the
reé&@tcédngﬁ‘it ;@n?hgﬁ)glt diatt & bRtk L bé:fﬂ_[%gééhtmta @netcn@ér ch&mber in such
ownstream o |rst eaction zone 13
a audneri (Gnaxawpleparresiiticienttvelnsgyletogalise the Jaéfbtl@rwl comporteheto swirl
t.ant r 2 Ity 0
SR A nEt PR Zbh M RIS okiseBE ¢ ARG e additions!
cang@OeTr thu:cmgﬂuﬂt dBerathanbee| ledpst ysssugf ffociegmbple,o thmaube additional
the a d| |on gnent to significantly penetrate
CPHREBUL 6P MSayer 110 of the reactant stream
[0083] | msoyhewerﬂyddsrmml the taditiagkd i compotudent tsoﬁmﬂmmly irjected into the
injected t the orts at a LCcie
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from. zero . . I'n anot her en?
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reactor con such as the ports” 42 ot the
secondesstdons ad shmbacyorm)ldmt wgether. dihe emanpérehybehich Hetinventive injector
[ reachar [ .
oSEEDR RIS MeQLUR SRf Olnk e GREHE chR ke 12 1
debtrébedabeve. chanber 32 is a conduit extendlng around the

1120f duit 16
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to. the . -
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inCgeiMRAL a’%kéﬁ'ﬂﬂ t‘@allld)fiﬁﬁcfe'dqm@ﬂhe getbid tA8ti0fone S bl ithDinventive
t he addltlon nEonent t hrough the outer chanber

injegoppsggbliy 40- e t2aim Balidegd SRR 2ddi ¥ GAdycted to the pre-heat
as@&ﬂiﬂ? QQI‘ ?roﬁln} &E&e fi'llnéred?f(n(;t REoWADah& preliRARAko @‘%enﬂﬁ%e BY the range

1, the addi tional co onent i s transversel Yy
of ﬁf@r@ct?éddqgrﬂe@ Celsis (2¥eFatiat 982 degafn ( BOQSY), ttypucallyte gtterpperature in

hb FArBE bPEoASPRMREYC Hs-Fhe B9 %ks Opaborsampgnent is

[0066] Titanium halide and oxygen are allowed to react in the vapor phase in the first

reaction zone 136 and/or second reaction zone 220 of the reactor conduit 16 to form titanium
dioxide particles and gaseous reaction products. The combined reactant steam flows through

the reactor conduit 16, for example, at a velocity at a range of from 92 meters (100



transversely injected into the reactant stream 12 from

the ports 42 of the injector assenbly 10. The
w@odwstsasmal conponent is conducted to the portBCHBSI0®0N3668

the outer chanber 32 of the injector conduit 10.

[0064] The injector assenbly 10 is spaced downstream

of the first reaction zone 136. As shown by FIGS. 7

and 11 and di scussed above, the injector assenbly 10

i s di sposed between the downstream end 22 of the first

j f i t
T T e e R e B Routhelc @B, he
oxidatidni reactioh gembsratureyiisd fypicebnne dig rnge 1ad from stl 2§k glegrees Celsius
[ I ;

CREERLH DOTLHEETC Plogbi13, R ature ALYIch AOGGIIRY i §Ficd out can
vary sndelher e leyamplp.gbe sxitiatonachstion eandie conied onbaita prepseretimthe range

ac stre 12 ] rj . [0065] In one
Otlgeﬁ%%g ?%%@?“%eﬁgp%‘ébﬁ"fﬁ“g %gﬁ g gﬁ%ﬁ%ﬁgﬁgﬁ s chosen from
[096FHe 0 The titanaumi hatide atacthet canby gey ofithe kaown hdlidegof titemiewf including

.The additjional titanium halide and/or., ox L eact ..
g SRR N AAS IR B BB op, ctamom
tefrafiGiiride. AGleiOitAIB Etahdfn Ralide istRAreiy tétracklodde Titagium tetrachloride

. capacity aof the acess. As .sho by the draw ngs, the

s A aS BE RERNES 7% mditl POl PO ifnON dation protEsses for

pﬁ)@ﬁdi?ﬁﬂhl&rﬂtﬁﬁum RicxideqAgmed 21t otidigedxd rdduodpdrtiduldteslidntitanium
halide is pre-heated in a pre-heat assenply 224 and

dipxipe andegnseqys seactien Rredustin pecoedanehvih Hi foliyvipg reapfion:
inventive injector asggnily, LO0riolkri)itani um halide

gas stream 222 is conducpedzto the pre-heat assenbly
[0968] f dweneenbediment; therdditionH @pmgmﬁwf-‘awe ipfo b eembied reactant

stfeBm?1 3 %n%?gg% I Geahilml REidE2NEE (Rhnifh HNide ihtd@BEFto the first and
Cel'si‘us S to 982 deg. C (18000F), typically to a
secenmpreacion zendsr 36 hed 220mf¢hekadiereandudts! 6rag be Gitanppsiejraghdoride.

q 5 . ) : : . .
04, 98 TRl 1Sl OFBL ) AL, e,
cdni alst caneiacofi, dor xemele] 88ygandit @rmiseicowith egaoxygsn envipleed air). The

220 of the reactor, condui o_f t ' i Xl .
oS Priiind SECLSBSVH by 02 RS ALATARHLYR s o
the agtiantzoa¢e 836 Bhd R0 twithiugiie tehetor earsiudr 16; dheldegred 89 which the

ti{f}g{%ﬁiﬁl?‘g l@{eﬂ 82{%6?1?‘3\8/%'8&@4 %s ?%agaﬂé{aan‘% gre%fga%crl,otﬂ]e %)%tent to which the
surfeds) 6586 absttioAizoResPire ol aall tHe dirouphplterag of the reactants in the

(absolute), the oxidation reaction tenperature is
repginZangdsSy in the range of from 1260 degrees Cel sius

[0@2@]00 Wikile the _eié’c? _lm@@yﬁs oftiladRA0Rlide Th€ oRidRsifpUdae rédctants employed
which the oxidation is carried out can var

. ; .€d Q del y. .
CqROYrB AR 81 FRI0bRRAYRH CFERELUY 5rimPARAT M 4P PeREepGeniaining
g Blreftdnf 3@%‘@&% inMhintadfRuh A YR sChiticiedModprdviliPfor a GRUBRNetric reaction

pSIﬁ) to 345 kPa, gauge (50 psig). [0067] The tjtani um
wﬁh|t @éltm tlghfle.p nlgy.@lla,n?eoafmquﬁ ok thfnax¥Esnicgridingie gas reactant
erh#)lgg&f Wil b J}ICAHE(QJHFQI dNcE RN Wk Fﬁ%ﬁfr&f:ﬁ)lr QlstfiGidnldtGbeaction with the
titaniumtetrabromde, titaniumtetrai odi de and
titanituan halige reactant, for example, from 5% to 25% in excess of that required for a
stoichiometric reaction.
[0071] In addition to the titanium halide and oxidizing gas reactants, it is often desirable to
introduce other components into the reactor 18 for various purposes. For example, in one

embodiment, alumina is introduced into the reactor 18 in a predetermined amount that is

sufficient to promote rutilization of the titanium dioxide. The amount of alumina needed to



tetraflouride. A very suitable titaniumhalide is
titaniumtetrachloride. Titaniumtetrachloride is the

W paoansasmo hal i de of choice in nost, if not allPCWERING/003668
phase oxidation processes for producing rutile
titani umdioxide pigment. It is oxidized to produce
particulate solid titani umdi oxi de and gaseous
reaction products in accordange with the follow ng
reaction: TiC4+Q2 - Ti R+2C 2 [0068] In one

pRHRRMIUEE Mtion lof aqe&dsh.&rhQf@im@@ﬂ@@ﬂﬁa@hdlhgbﬁ%ﬁerdupmt&b@nown to
conbi ned reactant stream 12 is additional titanium

thesg skilked ke art- t Generatlyh tieiamountafrabimise sequivedbtor prempterytilization is
& nl
o TR AR OSHL R AN eiEh, g oR A elafiCef B8 hfifum dioxice
pastisigebeingprodiasing gaisal amemanf aliwingristfatuatsl intothk ecagtien zone 16
sIED weldRYBES on thk WEh B GO u%ﬂf&ﬁ{ dibxil belf,gérgﬁéc%qp' e,
a mxture en enri
[Uﬂﬁk] pan bhe @mbndlmﬂntdalzmn@ ig) aﬁrodnqn:kioytedhwelaunqneqoen di6 ofitha reactor
12? V) comk%féngfd grtnglrélﬁ'l Illa’l?rﬁé]ean tflehngI 5 & Ofstr%zletlfﬁgﬁe {%glum halide
std:egere dnd/onthiecaldditibeal titdndumy hmhd’ea;krbzdﬂz ZZIldAs shown by the drawings, the
oxygen-.cont ai ni n s..react nts re-heated, the
ARy e SRRl With PR bRy of e PRy faide stssas 137and 222
TeOgL@thuanchlérive it [ggfgw@&uomo V\hSIfeah @xﬁ @furdifén E:Elaﬁﬂélg’dn‘éralftd} B0 &hat is in
reaction, zaqnes. 7 i Le the exact anpunts_o L.
flyid COPMHRIQAEPH Hih 018 qmo&r of Hyg tgggurpggiféeaﬁt@%ﬁ%% Bk the titanium
hAARB si¥édny 228, dhrioud BheR bLaliMinuRPEHI bridel Rhénitofs dré Wehlknowh in the art
is inmportant that the oxygen- contalnlng%gas react ant
arglecap b dis¢ft inj the piecestof e aventiens Fostpmple, apvdared plpdiuge with or
wttﬁ’(;ut %n et ﬁ%hlcgﬁ?é thhtErid1 SSnibe Ahicdt ddNn tEreddidray tHMipward passage of
de. Generally, the anount of the oxygen-cont ai ni ng
reg@entrcélépﬁtnarﬁnd@mmoly@ﬁ gak-| |Alisenagivelgn@lyminum cark be datrasiuced into a
t | ..
s of A el 1P parfe T, 65 B e SR LRI el givided 1o
fluidize ycths gasstreamatA fixegdihied ofipdrtieulate sltumlmhn canlterchbprinated by passing
t | i um hal i de
Cmgrg"ceot!))(l |b§ |Ej ﬁgz s"uﬁlggocg %deg Slhgoqngﬁlgft%éeﬁ&d esirable to
[0073]r o duncaxamplesof amotlhpocnmmoseritnham chinbe pdaotageoutly 1ﬁtm>duced into the
reacf%or &unlg ar)sggtﬁﬁsres%nuce € Sc):ricl%glglg %%en} gua%: %nrs%(lgf%fin ng walls of the reactor
aqalrr&d\ehefonhmﬂheﬁﬁf) lEbtan{pllmtof 'B&)usmﬁ ﬁgdﬁtsemﬁlc}t Canpj’e(]ﬁ@d Elclude but are
|zat|0@ ltanlggw 4 h 41 d and
WHF’H&" el é’a"‘{“é?fr rHSRUUIP S ez"a{‘f'u ‘?S"rﬁer Y 't"h &R 8%"'%?”6 an
smbeﬁm d@nyﬁﬁgeesmakﬂmndmgeorbcnumr qudf AchDaS tiknamn diékide, salt
t hose skb Eﬁg in the art. Cenerally, the anmount of
mENYRT 374 Pelkf red to pronote rutilization is in the

[o02d)9€ TRE tifanfim GioRide bartidled Yadyasksis G&HctioPprR8 Lt Pthat 418 formed in the
wei ght of the titanium di oxide particles being

reppteidl foarg copled hpiheatiexehmpemivithi qpling madipmm (e asegoling water) in a
tubigr h@ﬁ%&b&ﬂ &R {h6a ktén Oﬂeer(l‘stf MWBLOH4 9%?&% Glsilid'1300°F). A

wei ght of the titani um di oxi de bei ng produced
scouring agent can also be injected into the heat exchanger 240 to remove deposits of

titanium dioxide and other materials from the inside surfaces of the heat exchange. The same
types of scouring agents that are used in the reactor 18 can be used in the heat exchanger 240.
[0075] After passing through the heat exchanger 240, the particulate solid titanium dioxide
is separated from the gaseous reaction products and any scouring agent(s) in separation

apparatus 250.



[0072] In one enbodinent, alumna is introduced into
the reaction zone 16 of the reactor 18 by conbi ning
w@bkwsitsasmo chl ori de with the oxygen gas stream BRDUS100&003668
titani um halide stream 122 and/or the additional
titani um halide stream 222. As shown by the draw ngs,
the alum numchloride is conbined with one or both of
the titanium halide streans 122 and 222. The al um num
chloride is generated on site in an al um num chl ori de
[og%]er ghOtitafRh 4iB&le hidndActliel iflac OIERII iR the hvBhth pP8tRss is very
both of the titanium halide stream 122 and the
swtablarﬁbnm hsd pigmertt r eam 222. Various types of al umi num
chloride generators are well known in the art and can
be used in the process of EKWMPIdyenti on. For exanpl e,
e
OB QS PP Gt st Pl fo Bt Rldbrte the enton
[0BY8]t hdhe pmmndvep@gsa@efoofprwblamgatﬁamgml diokide, amndg¢seribeghabove and
lll!u.afartéd l%a IGSD‘IIE) ?\qui] M%Lu}ﬁ’ed %Ltu r‘l‘ﬁ”lﬁ\/&"ﬁ’ﬂe QF rﬁlgcjllrrggltj&el% is used in
oas ream o 10 gas In particulate for
tha @rocassc ef pea- hda;edmnygemgas rstrbeyn fl2thehd/ petthentde ditangum tetrachlorlde gas

o ream A fixed f _pa u
sl e P P 0 BByt B B PREE' A o
rebaok t&ﬁmughhmmaocwsmmmse&nmmrmds Agcoitbinddedactant stream 12

007 An exa f ano h r copponen at b
g, he, REIER PR P GUTE Qb G TRG AP 20 Bipeof “The Tpw rate of the
conttRkbdl rBgktaag Sfdam 1D @rougl theirfi@tor@emiuitl 1616 R IS Qd'ngﬂiaﬂls @)E:ﬁs%eond The

the wall s of the reactor and‘],\ﬁrevent fou'lféf% t}ﬁ Fe1
tepperareel B cupRined rwactanstiean i isciOf dreress Relwn: it Ag Aiggster of the
reBMbr Rh8uiD S is 1Dk idcRes)sand, m xtures of titanium

di oxi de and water which are pel]letized, dried, and

[0879]t e Additiopdnpryeers ésdthen tnfradusRdding theesecensicieagtiont zone 220 by the
m{e‘éﬁ)?%sf&r}yy N8, Tid R Alenbidgo lﬁabéesr@lgﬁt%’cﬁ’é @ngqlfah? spaced

4] The titanium di oxi de particles and
argarskebe srosegestionl psrigiee té of et injgeter ﬁ@mdmﬁowalh3$ teach port having a
r e h
SHEGELE | MR G oRE b kdal SIHIISML IR R A4 canter
32ea<n:ihaamgeerrse2>4metctsdahnoenlp@p aous é2 gfto soeactan 4tredey k2 atsa velocity of
[ u 3000F ' I
O’Igg;dj k;’l!:O gaé:(s pe?g) f)%]d ﬁxgagﬁgécﬂ%nogglfer@gg%pal% z%gll%? 300 degrees Kelvin.
Tldaqpe&shxtesiroﬁ adrosk #el injectdr ass¢nakdy 30 duridghiejeciant efithaddslitionehoxygen is
3({{{}? nsi ?‘E surf aces of the heat exchange. The sane
Fe8ause (5 Brlgk ng agents that are used in the reactor
[0080]caThbeelosiey al Whichahdadditienar bw& ris Zdflkvefs€l 7bjectéd ttiepugh the

ass] ng, t hrough the heat .exc 40, t ..
i #4 clieatte SaRRG Fran A O o clspaRe dditppppoeen t©
s@r’ﬁﬁceﬂﬂ? PontSrafe@RCHIUtEboRIRNIBYE 12001 e Yetatstiead 12. The velocity at
gent ( @Sﬁﬂ in separation apparatus

WERR B ST e LU e LB AN BOh T i e reacan
stieAvent i/ ﬁls@rsﬁffﬁﬁﬁt kS cHBE UhS Wata®iB | urhitr déBsRAdiflg to the resulting
reactgnrtnztrr]ft:am mExtf‘e'\{)P3 The Natalie Number corresponding to the resulting reactant stream
12 is determined at a point in the reactant stream (the “point in question”) that is three pipe
diameters downstream of the point of injection of the additional oxygen into the reactant
stream by the injector assembly 10. The Natalie Number (Nna) is determined in accordance

with the equation set forth below.



[0077] This prophetic exanple is provided in order to
further illustrate the invention. [0078] The inventive
w@e@sads9d or produci ng titani um di oxi de, as deBCT/UR®A8/003668
above and illustrated by FIGS. 10 and 11, is carried
out. The inventive chem cal reactor 18 is used in the

process. A pre-heated oxygen gas stream 120 and
pre-heated titaniumtetrachl gpi de gas stream 122 are
introduced into the first reaction zone 136 of the
reactor conduit 16 gf thﬁgﬁfactefﬁlﬁ an a manner that
causes the streans t¥ fl d reactant
stream 12 through the reacﬁégmebndU|t 16 al ong the

| ongi tudi nal axis 20 thereof. The flow rate of the
conbi ned reactant stream 12 through the reactor
condpdrein® 1S 2.5 kil ograns per second. The
tenperature of the conbined reactant stream 12 is 1300

degrees Kel vi g,  The) ¢h apgtielis He htfageC@nbiraGONBH the 1Aditional
is 125 crgy(deni zﬁétn@ ))mt [P Z(%}loﬁqgh&h%nﬁht ﬁ’léyagaﬁlohﬁ <§xhy§5h gas is
I ntroducedy Ee%{ k& d%ﬁﬁ'ﬁﬂ res ey %llegaarﬁgﬁ‘%onfgﬁ

nb or asse

Inj ector as e 1 njec

i ncludes ei gh[% pr%ﬁée% f}gme(g lf ywﬁ’ Q?Qh@ &ldQlch;A?; ntration of the
Cross- Se%‘dhﬁ’g ? "&‘&e‘?ﬁn p #yeu[]‘rdog ol E E%d across
vel 126, gas RdE AL o dL ;ﬁr g I
e a t

in). i'ona
outer chanber ,32.a dsgt%atrransh/(;’ssr{)5v 1slt§€exi%tssegece? gpwreactor

ports 42 |n ﬁ <t Y eam
0.1 89 ki ‘.i%S“eerp"é'&é'b%‘if e tenperature of the

addi ti onal oxygen is 300 degrees Kelvin. The pressure
drop across the injector assenbly 10 during injection
of the additional oxygen is 30 kPa, gauge (4.4 psig).
[0080] The velocity at which the additional oxygen is
transversely injected through the ports 42 into the
reactant stream 12 is sufficient to cause the
addi ti onal oxygen to significantly penetrate the outer
boundary | ayer 110 of the reactant stream 12. The
velocity at which the additional oxygen is
transversely injected through the ports 42 into the
reactant stream 12 is also sufficient to cause the
Nat al i e Nunber corresponding to the resulting reactant
streamto be 0.3. The Natalie Nunber corresponding to
the resulting reactant stream 12 is deternmned at a
point in the reactant stream (the "point in question")
that is three pipe dianmeters downstream of the point
of injection of the additional oxygen into the
reactant stream by the injector assenbly 10. The
Natal i e Nunber (NNa) is determned in accordance with
the equation set forth bel ow wherein: Cavg = 0. 07,
which is the average concentration of the additiona
oxygen at the point in question assuning that the
addi ti onal oxygen gas is



conpletely mxed with the resulting reactant stream

12; G ranges fromO to 1, which is the actual
w@orvsaessp@t i on of the additional oxygen deter mP@EUSEDS/003668

approxi mately 1000 | ocati ons spaced across the

cross-sectional area A using conputational fluid

dynam cs; and A = 38.5 square inches, which is the

cross-sectional area of the ppactor conduit 16 at the

point in question.Wat is claimed is: 1. An injector
whsSEMlYedfigr 1 njecting an additional conponent into a

conponent stream fl owi ng through the conduit opening

of a reactor conduit along the Iongitudinal axis

t hereof, J i g, .

downlslt r eé%a'élﬁe 81%2? Esgf‘ﬁ *D %rtg?ln%%tcl é %ﬁg%@?(%nﬁépoﬁﬁeﬁe@ ? rgrlmaed component
steemdinwing tidoughehel patdui apeenglobé reactoe conidit spmigithalongitudinal axis
bt P ar-omh B Bl PR R Fhtrsredlh i ofERERfon of e
reb@greddneiit arkbihe uvpseamdng of angpeandisagionaif thenjeadrodonduit in a manner

condujt havi ng, an upstreamend, a d stream end. and .
o Moo s niirt Al o ptinf Bofoenciai paduit BEether, said
astsBly eafipravingk: and downstream end and defining an

injector conduit o ew’\ng that can be aligned to Qe in .

fluid corfmifHPeRGoBRuIhaINg A PEETILETd: & dRNsigamspd apgan injector

contifii® twaAN@isREP BEWRES shidNspshéant REd ABAGoWnstE@mdetid and Akfhing an
i njector conduit wall includi ng at | east one port
S

injegiop Rendud apraing that sery ke pligned t Re e Fluid) apmmpynisation yithHhe conduit

okt LPBR! firSOIACREMd {ishstdTGhE RABBP EAHdufi! Laff Mjddort ddRduit wall
reactor conduit; and an outer chanber extendi ng around

inglhding at dagteonst pashpxiendijsethersthreughdlar trapgypisely| ipiggfinehde additional
- i i f i Fluid
oSHAGH TG HeAAMpoRit LiBahh ddlEidiloohll bl L e
i ncl udi ngn amter shatber extendiog jatdund theheutsidel pf sadthartjector conduit wall

GRS oL TR Pl BB SRS o, i
ouitétj oharhber indnding &n inddt Ifori raczliviskethe adgitionad corhyoneht fpon tasource of the
dggt endi % thgr et hrough for transversely injecting the
acqayre SHEP"C6nponent i nto the conponent streamin the

reacd.or dqbedhjedtor aasechbbabillnit i wheteindat injestot corkdbit @il includes a

co jcation with each of .said ports.. 3. The j.njector
PGB Rps e epding thofeiughuior Rtk BS8)y iiecTing decadgliofel Cmponent
in®y @iéNorh el SFamS @F theO Rattop bhd®BY @hd OfaidS Bitdr ichare¥drOi6 in fluid

conduit. wall. 4. The injector assenbly of claim1,
COppBYHGatioR Hiith cadif $pI\POfteir t her conpri ses a spacer plate

di sppsed TiagtiNabr Sabibly UretiRr, GHRR bai@perts dledspatidedround the
chanber, said spacer plate
cross-sectional perimeter of said injector conduit wall.

4. The injector assembly of claim 1, wherein said assembly further comprises a
spacer plate disposed between said injector conduit and said outer chamber, said spacer plate
including a passageway disposed between said port and said outer chamber and fluidly
connecting said port and said outer chamber together.

5. The injector assembly of claim 2, wherein said assembly further comprises a
spacer plate disposed between said injector conduit and said outer chamber, said spacer plate

including a passageway disposed between each of said ports and said outer chamber, each of

said passageways fluidly connecting said corresponding port and said outer chamber together.



i ncludi ng a passageway di sposed between said port and

said outer chanber and fluidly connecting said port
w@nsaxisgh out er chanber together. 5. The i nj ecP@r/US2008/003668

assenbly of claim2, wherein said assenbly further

conprises a spacer plate di sposed between said

injector conduit and said outer chanber, said spacer

pl ate including a passageway22li sposed between each of

said ports and said outer chanmber, each of said

paSS@g?V\@AYe?hefrdinlﬂ%a)éto?,%&%ﬁ&ih%!g said correspondi ng port

and sai d outer chanber together.6. A chem cal reactor,

conpri si mgeagorreaduibfor cordigiing 4 eempansaiudichmgn & flow path that is at

r ' ale | . .
SETBERRIASY AL, B | % S BT g v
candai¢ irsfudggnalfiist sectian dnd 2azoud se@_tjm:l gach bﬁ]saidjﬁisngactasegond sections
hafvlmr Sztm 58 rtgzlzlrg M ngl dgwﬁspegglden%ea%tdl aoFe'act%faggnoglgt watl QeédiﬁgSS reactor

and second sections having an upstteamend, a
conkdumn spehégdigposkdidrdveen sad oparcamand downswehh edds; amd ng a

reactor conduit openi.ng di.sposed .ween sai d upstream
L donngtacirane o s iR AR R s HARE Gt B i Rponent
sticBin€ 64id agsemblyatskihig dispaéd bawpansaid dowisaredrh @nd offpaid €indt section of

siream sagi.d assepbly bein i sposed between said )
SoRbTRGs SRR B Gsirea Lyt eRRP O By g2 disfog conduit and
flE@RdShihecandsasBiift AHISERRA Qs Rbeth@] shicasantly SRuldin

of said reactor conduit and fluidly connecting said
first and secdhdUedGopmiut baygganatrstreas gndy @ doppptyeam end and an

injeRfok WehdGE wall dispbat REwSANG tipdiddth NGd adhd UARE H&RKXERH end and
a downstream end and an injector conduit wall dispose

d
defigingeasminision coplit PSANENWidhiRiFCaICAN U PSTING DFingridisagtwith said
co@fit RpBtn@Nof i G akPBLUhd sQRBR BY saidSebtbL&RIuR and in fluid

conduit opening being aligned with said conduit )
cappewrigagion dher@_&lﬂd spidr l_sllec@n@_(@b@owdl g‘_@b{dilr_tgn@ lotst ©a¢ gort extending
ng.. [ r .
EEREN AR GBI s hiceTog 1 LRI RGP g IR Rt iny sram:
andxt endi ng theret hrough for transversely injecting the

addi ti onal conponent, i nto . CO t .Le L A .
outer chamber 2BXtendi®nt gl;) eral?xté%nﬁgl aE(g‘J%g S@es?ugéﬁ%%’% 50?1 gj%a%p conduit
walhpleag die aossebactionalbpdrinadteyrtheredfeand riw flsids@mimarniedtion with said port,

BTt S5t AL P T 3 e ol e o
thé eddiiotiangomipvaeddi ti onal conponent from a source of
reactor of c

t he additjonal conponent. 7. The. ) ai , :
wherbi n JAFACHEHY GEEBI CoNBRTFR Al Ties T Bges wgithéfides a pluratiy

offfoktk @kﬂeﬁdﬁg%fhe&@frb@gh?&ﬁcﬁ@?ﬁ \GertdnehBdrhs pUBNd camphufidhttbn with each
outer chanber is in fluid communication with each of

ofgidpoPdrts. 8. The reactor of claim7, wherein said
portg ar erpepeds af A 7t RehefiP 358 85drisOf1a! spaced around the cross-

sectional perimeter of said injector conduit wall.

9. The reactor of claim 6, wherein said injector assembly further includes a
spacer plate disposed between said injector conduit and said outer chamber, said spacer plate
including a passageway disposed between said port and said outer chamber and fluidly
connecting said port and said outer chamber together.

10.  The reactor of claim 7, wherein said injector assembly further includes a

spacer plate disposed between said injector conduit and said outer chamber, said spacer plate



perimeter of said injector conduit wall. 9. The

reactor of claim®6, wherein said injector assenbly
wo e08h&i890 ncl udes a spacer plate di sposed bet We€rUSH0§1003668

i njector conduit and said outer chanber, said spacer

pl ate i ncluding a passageway di sposed between said

port and said outer chanber and fluidly connecting

said port and said outer chapber together. 10. The

reactor of claim?7, wherein said injector assenbly
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11, wherein said reactor conduit including said first
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16.  The process of claim 13 wherein said additional component is conducted to

said ports in said reactor conduit from an outer chamber, said outer chamber being a conduit
that extends around the outside of said reactor conduit along the cross-sectional perimeter
thereof in a direction that is at least approximately perpendicular to the longitudinal axis of
said reactor conduit.

17.  The process of claim 16 further comprising the step of swirling said additional
component through said outer chamber along the longitudinal axis thereof.

18. A process for producing titanium dioxide, comprising:



16. The process of claim 13 wherein said additiona
conponent is conducted to said ports in said reactor
W@ ovdsdsod r om an out er chanber, said outer chaPdEDS2008/003668
being a conduit that extends around the outside of
said reactor conduit along the cross-sectiona
perinmeter thereof in a direction that is at |east
approxi mat el y perpendi cul ar e the | ongitudinal axis
of said reactor conduit. 17. The process of claim 16
further GoaRfRbnNEsdo€ridh@R Rfiids¥Ad bdyaBn §Rb 4 first reaction zone of a
addi ti onal conponent through said out’er chanber al ong
rea¢ter ¢amduit pfialreaetpr md manngethafauses the thappmdelde gngroxygen to flow as
G [ : Al .
e e R s R U R
reacti on intooduciof @ adsliténel caopraentt chofenafromagasequsi titaium  halide,
manner .t hat .causes t.h [ ' [ ng . n . .
oghvend o BGRorcR.A sh A R, BLSS RABER shituit thac i
dabmstrgarh lo€ sdid figpt teackiomadoneshisl atlthicored Eompatenvlhureg tnanseersely injected

. addi.ti onal 0 nent .chosen from eous, .titani um. .
gt SC aReET G P WD 2ol e P4 Reishlonal perimeter
off €418t re@dlorZ O6IRIuit NatSaivdlocRAGUficienD ne Watiset fdd additional component to
.downstream of said firsé%é?action zone, said

SigRIHFAnty REPetais PO AR PWBTARY [y P SYE reactt 5Pt ed i nt o
sai d r eacd|RRingStith@am Hali@dad Pydekd fedictOh tROVAgdr pR&GES said first
around the cross-sectional perineter_ of said reactor .
anddercrgeandareaciion @pessi af said reagteri opduit 19 form didaniyn @ioxide particles and
AUt R0 ploaliRQARAt to significantly penetrate the
outer boundary l'ayer of said reactant stream allow ng
ti t ani umskpdrating saidditaniyra dipxids pagigtes fiom sajdegagenys Feaptitsroducts.
in said first and/or second reaction zones of said
reactor conduit to formtitani umdi oxide particles and
gaseous reaction products; and separating said
titani um di oxi de particles from said gaseous reaction
products.



