WO 01/07366 PCT/ USOQ 20305 -1 PROCESSES AND APPARATUS FOR REACTI NG
GASEQUS REACTANTS CONTAI NI NG SOLI D PARTI CLES Background of the Invention
1. Field of_the Invention. 5 The present invention rel ates é‘? ses and
appar at us 6P oV ing high flow rates of gaseous react anf 'gg%?éﬁ%i ng
particulate solids in tubular reactors, and nore particularly, to reacting
high flow rates of oxygen and titaniumtbtrachloride gas which can contain
or pick up particulate solid.contam nants in a tubular reactor at high
tenperature to produce titaniumdioxide. 10 2. Descri,iz& n of the Prior

Art. In reactions car PROCENSES ANDARRARATUS KQR REAMCYING; o, 1| ow rates of
gaseous react ant GASEOUS REAGFANES CONTAINENG SOLID RPAR % th inconpl ete

m xi ng and severe erosion of the side walls of the reactors due to the
presence of particul ate soli dBackgréundof @i¥Rventionhe reactants can occur. The
I nconpl ete m xing_can cause | ess than 15 desirable reaction results and the
erosi on cads&ieldofshelnvention, of the products produced with the materials

formgig the reaghohpreseit iNRhtion PeldéPR! procestel ahd) appatatid for trbitihg hih Mjw t he
reactor apparatus. For exanple, in the_production of titaniumdioxide, the
gaseous r &ates of gaseouscrenctants somnipina pastianlate selidy in; tubylar, reactarsy 48t MA¢ de gas

whi ch are gm hgﬁd b Deditin I Q:Eqrgn | kiR YetFa2hiBad hiRiEh

t enper at ur e oxi ’itgn regc%ﬁ?gr@?va{?ggggla iflr?l‘ht e 20 reacltslgre %fere.b solid
titani um dicaxicontaipaor pickesp pamticylatedselid dcon@oinantso imlal tubulsn reactancat high gen and
the titaniymtetrachl ori s gtreans utilized in the reaction contain or
pick up pg?mmfoeprggﬁggit%g%?gn%‘mﬁ Nt s whi ch inpinge on the surfaces of

t he 1@act o2, Deswriptionf thePridr Avtr t i cul ate solid contam nants get into the
gas streans as resul t of .the passage of th as. st hea [0 rocess
equi pnent and prhfRGHMSs gn?‘gfmttﬂég IRATEE ‘gtb%%ﬁ’g’ué‘.’w%h%g rocgss

equi prent  a¢adtafits iré) Gnjeaed oI ithe reagtors] iprublenisewitlo lincdmpleté eixingland severe i cl es
from fluidized beds, .particul ate welding slag and the |jke. Al so,..

b 1 cul at GRBER; OF Sieole Al RE e, foarten Gus” i e’ Pestods cof Pttt ol e o

t he react Ogomifmams 4§ thedreabiants ch oadtir.UMTheCinfothpléte MRS dafi batse leficthaml | s of
the reactor, therefrgm The scouring nmedium occasjonally finds iEs y into

vari Bus up4esirablereastion regults and the.erosion caser.gontamination of theprodu pi cked
up and car kjiGhd ¥nateRfls FHEAY thel RAGEE AL well'aS Arfrically shErHHY the livés bif e

scouring nediumis being inhtroduced Iinto the reactor apparatus when the
f1 ow of oxyeeter @pparatys. 5 fof Examples ith ther prgdudtion | titanjumndioxide, the #4904 nedi um

can 1 ow oylsfafts biihehtod 6k tien aftd Reatl? titbhiinthd REEcHIle grlWhith Ak tombined in 2
tubular reactor at high flow rates. A high temperature oxidation reaction takes place in the

20 reactor whereby solid titanium dioxide particles are produced. Occasionally, both the
oxygen and the titanium tetrachloride gas streams utilized in the reaction contain or pick

up particulate solid contaminants which impinge on the surfaces of the reactor apparatus.
Such particulate solid contaminants get into the gas streams as a result of the passage of
the Qas streams through process equipment and piping upstream of the reactor apparatus.
25 The process equipment and piping can contain particulate solid scale, solid particles from
fluidized beds, particulate welding slag and the like. Also, a particulate solid scouring
medium such as sand is often introduced into the reactor apparatus to scour titanium
dioxide deposited on the walls of the reactor therefrom. The scouring medium
occasionally finds its way into various upstream parts of the reactor apparatus and some of
30 it is picked up and carried by the gaseous reactant streams. For example, if the scouring
medium is being introduced into the reactor apparatus when the flow of oxygen or
titanium tetrachloride is shut down, the scouring medium can flow out of the reactor into



-2 oxygen or titaniumtetrachloride introduction apparatus, e.g., plenum
chambers, connected to the reactor. In attenpts to solve the probl ems
ment i oned above, |arge plenum chanbers have heretofore been utilized

upst ream WP OMAB66  eact or injection points of gaseous reaPtHHFW20YS 5 trap
contam nants therein, and the gaseous reactants have been injected through
smal | gaps. The use of small gaps resyw.ts in high pressure drops which
bring about good mixing of gases in the reactor, but the high pressure
drops in.the gaseous reactants require their pressurization which is very

costly. lomygen@etitahiomepteachlorideintrbductionesppamanoeg, plemum chamberscennnecteddr ops, t he
gaseous 18]ﬁr eactants have heretofore been tangentially injected into snall

annul ar B Rambers which distribute themaround two or nore slots
t hrough vvhl ch 1 ReenfpdstoGolve HRaRbblahS mehtivned alovedbige plenum dhambershaveor . The

use of inj ectlon t hr the slqts bri ngs about Iow ressure s, but
parti cul deeetofrebgen- Fg‘?'n“ 0? the, reactor jpjestion Bﬁl’e?‘ffemmg%%o
reagt ant qmpq,amﬂﬁmﬁ;geqmeg ?dgntlhdlfgeseaﬁmwhainwhmmeﬁhﬁjehed shridghcématibuses t he

pl enum chanbers to b

eroded. Thus ere e ne ds for
i nproved 89?&953‘55‘&01'&%6' Sﬁﬁdﬁs&l‘ﬁ@ h&hprme “@5&‘2&5’&5“@9'% n tubul ar

react or s M(yg{ r@olgriﬁ)gfe $ Seakfafits
apparat us nore unitormdi stribution of the gaseous react ants and better
m Xi ng ofpresumutmeludusmwmluts W thout excessive erosi on due to the

presence of s H"@ rEbs&at droph, egﬁsent
I nvention provi 8es |rrp oved proce S an appardat us for reac solid

pal0i cl e reastantzihaveberefaforbesn tangentially mjwtﬁdtlnblﬂnmll angulat B‘F@mhwemeet t he

o7 acess. SPKARSANER Bk AT of AP dcPEukeh ShERRRrebisribaib Ry 1 O

25 react aadiallytimoltheactoro ritheiuse off injectin tllpugbthe(ﬂotqja'mgs ebant 1dw1plz§sﬂltfbul ar

| oot e FRpe rBRR oidcPRanthand e ) il o BF BRI BRI B 0 00

| arger diberipped @anme lafiulgr! glemm eﬁmﬁesrwhx&meausemhelpleryngam tocbect ant i s
thep introquced ipto the reactor by way of two or nore radial slots
coftruni c MY ‘reactor with the outlet of the second pl enum chamber

wher eby 30 solthgs, bk aré Ineéds For inipesvetdiptdedsbardodpparatus fieraeading gaseeur aused t o
flowinto the reactorw ase%mdl Feactant gp% are n t Wed in the
first ormﬁd“ H e uni form
di stribu dn&éhﬂmﬂ&sﬂbuﬁdaeoﬁthewustmmmmermngrofsheand sol i d
particles through the center of the reactor and t erecp revent WO 01/ 07366

PCT/ US0O0 Raseoussreactants without excessive erosion due to the presence of soli
20 Summary of the Invention

The present invention provides improved processes and apparatus for reacting
solid particle containing gaseous reactants in tubular reactors which meet the needs
described above and overcome the deficiencies of the prior art.

A process of the present invention for reacting a high flow rate of a gaseous

25 reactant which can contain or pick up solid particles in a tubular reactor is comprised of
the following steps. The gaseous reactant to be injected is swirled in a first annular .

plenum chamber followed by a second larger diameter annular plenum chamber. The

swirling gaseous reactant is then introduced mto the reactor by way of two or more radial

slots communicating the reactor with the outle_t of the second plenum chamber whereby

30 solid particles carried with the gaseous reactaht are caused to flow into the reactor with the

| gaseous reactant and are not trapped in the first or second plenum chambers. The radial

slots bring about the uniform distribution and alignment of the flow of the gaseous

reactants and solid particles through the center of the reactor and thereby prevent



-3 inconplete m xing and erosionlthefein3.Tn the production of- titanium
di oxi de, the above described process.is preferably utilized for injecting
high f low rates of heated oxygen into the reactor. Another process ofthis

invention W glrsen al so be utilized for introducing a hi %%T/ésoi))éﬁﬁﬁ(srate of
a gaseous reactant into a tubular reactor which neets the above descri bed

needs is as follows. The high flow rate g3seous.reactant which can contain
solid particles is swirledin an annular plenumchanber which includes a
boot forned t her?i'n for catchi ngj the solid particles. The resulting

subst ant i al |coeniete mixing and erosion thegein; clm the produgtiontof titanium diowide.tbelabaveo t he
b . . O 1A
P e T e e PRt

with the pl enum chanber. A conduit 1s. num
chanber ext ¢heifeagot.r om the interior of the boot to within one of the

annul ar.-slots v nressure. di fferenti t ween t.he bppt and
the sl ot causes%%?%é’?ﬁ’c’ﬁ%‘?‘ﬁ@iﬂﬁﬁﬂ“‘}ﬁs‘{e‘h"e‘“t'éa'.P%M‘Jﬂ%bﬂ hr ough
t he cofiduit flow at¢ bfa geseotoreactitantoatiublilasteadtsr which Mhetsciha Above ddsaritie@d i N

t he downst reae%sdi reﬂ]i on ,gl? f.&ghl itate the unifor i stribytiqon and

al i gnment  of"°48 1§ ALIollpws, The high, tow sate gaseoys reactant, whigh gan eqntain solidinagticles (| f
any) t hroughs tsiirledcinnise anilart flénuni RRsrhitr viiich IeRIdBPY BU0E \EiMed! MErRAPRE! ©

m xi ng and erosj 0 thf:rei n., In_the production of titaniumdioxide, this
process is B 15 splid partictes, (Thegesulting substantially solid prrsigle;feee gaseons feactant d
titani um t etis agidacddCitte the Fedch® ByoRaS ¥ ' i | it he
above descrilbed processes are al so prgSi det ?g@&%ﬁa}'&lz m%?’ééé’ht I'n etrlll I on.
I't. i s10t her deastar with thenplepym nhpmber. oA conduip rie optionallypravidesh it thepplemimle

i mproved pr, | [ | O ticle containing
geeots. 1 eacy S extedlify AORhehitTol ifind Gl T Bnd Ok BEffor Bl SRR
i nve?; i onhg stzleiglépmswn difforentisl mmmm?ddmtmsm#mémmMumr )
reacting hi niu rachlori de ga iC
nmay cont ai ngor 5%63%%?ﬁ | c{ﬁ\ g?%’@@ﬁ%“c@ﬁf%%ﬁ%&&ﬁl sif"??ﬁgf%‘?mvmﬁr
produci ng t islagted imthedownstebam dikebtion te fabilitate erunifoint disgibufiepind dignmasd of
advantages I t invention,wll b readily  a rent to those
ki 11887 n e, NN oS ol 3o W Sl oEces O ey HGRER B erg ot
embodi ment s redstor land thetebyvprewiaetindoniplete mfxisgjdugresiorothertin. Nintthe proGGABRIFY | NY
dr awi ngs. ' fmﬁ)ﬁ%%ﬁri iion of. t%aw%zga Fl.GURE ]h'i s.a tglgavi ew of the
solid particle co Fi ‘A PSR B y utilized fordpiesting high flow sateaofdrented s
i nvention cditamixmt tettadhioride into elrédctoreact or . WO 01/ 07366 PCT/ US00/ 20305
| Apparatus for carrying out the above described processes are also provided by the
20 present invention. :
It is, therefore, a general object of the present invention to provide improved
processes and apparatus fo; reacting solid particle containing gaseous reactants in tubular
reactors.

A further object of the present invention is the provision of improved processes
25 and apparatus for reacting high flow rates of oxygen and titanium tetrachloride gas which
may contain or pick up particulate solid contaminémts in a reactor for producing titanium
dioxide.
Other and ﬁthher objects, features and advantages of the present invention will be
readily apparent to those skilled in the art upon a reading of the description of preferred
30 embodiments which follows when taken in conjunction with the accompanying drawings.
Brief Description of the Drawings
FIGURE 1 is a top view of the solid particle containing gaseous reactant injection
_ apparatds of this invention connected to a tubular reactor. -



-4 FIGURE 2 is aside cross-sectional view taken along line 2-2 of FIG 1.
FIGURE 3 is a cross-sectional view taken along line 3-3 of FIG2. FIGURE 4

is a crosw&tﬁ%%&nal view taken along line 4-4 of FIG 1. PCE)U% is a

side cross-sectional view taken along line 5-5 of FIG 1. 6is a
cross-sectional view taken along line 6-6 of FIG 5. FIGQURE 7 is a
cross-sectional view taken along line A7 of FIG 5. Description of
Preferred Enbodi ments Referring nowto FIGS. 1 through 6 of the draw ngs,
t he apparatus of t

he present invention for jnjectj ' flow rates of
gaseous react aFHGURER is4 siflecapsgact Wl@?eﬂéj@gﬁﬁeéfggigk?ﬁbul ar reactor is
i1 lustrated Theycuate ish ddhslsbctivhdl HeRitaken along fifle $.3/0EFIG.20 Mmean flow rates in
t he range of from about 400 to about 3,000 or h[&gkﬁl)?r standard cubic feet

per mnute. | nFIGURE 4is acness-sestianal view takenelong lipg, FKaLis illustrated in
combi nat | on i jrgese § add crds@ 3éctiGial LR alh AE lindis-S ol BIB. UM di oxI de from
eat e etrachl ori

heat ed oxygen ‘an Itantum t 1de gas streanms which can
contsai n or pi cKIGEREG ista cross-sectionad view takenalong ling6-6 of FIG. $5 whi ch are inj ect ed

at high flowr IQES%&&Q%QM@{MW%IQ?JW & reactor can be of

any known reactor design rncluding those that are cooled wth water or
ot her. heat exchange nedDeseriptinmefPreferred Embadimentscool ed, those that are

dosi gnat ed by RRETREREPID FIGE 1rough PP Beifindt o shpachy SCRERRAL

react ant jnRéntiof fsrtihjecting iz fivinrates 8f gnsebus reactants corkaiming solidpasticlea snto aeact ant

i ntroducti appar at 14, th fqr.introdugi.n .gh.fl ow r gaseous
reak® ant s“‘%ﬁ%ﬁgﬁ%’sa@‘mb@’&t‘?ﬁ%ﬁ%ﬁ si'ﬁ?ﬁ&%?ﬁbﬁ%&%’%@% or 19.
The appar fythératge ofFtin dbut400 16 st $,0004r Higherdaridard cubic deet pergniautg. hi gh f1 ow
rate gaseous reactant which does, or . mat{i con{“ai n solid ar%iigcl es into a

t ubul ar reactom.mlaﬁ%ﬂmsf@r‘ﬁﬁr'ﬁm o ds {liustrgted 'i‘gﬁﬂ? PR Bhe
gaseous T gRGihPRlactb gﬂs&&m RitahRine Bidkide frof Redtbdlckygénandeheated! titatisn f or

i nt roduci ng el ther fo?'] heat%d oxygen or- the heatﬁ titaniumtetraghl oride

gas st r eateiyachinrige gaygtreams shich eap Pamiain ar PiFk bR B solid; coptaminan ver, the
gasfous rgﬁﬁhwi?jha&! ANpht o rates G hibilal Rea&th0 Wheitibulak Gactott ceh besofpr ef er r ed
e

for i ntroduci ng heat'ed oxygen stream into the reactor 19. _Ihe gaseous

react ant any kneir reator slesign including/theseothat jare eqaled with Jyaterser st preferred
Attt ! S : > br
or I'n ro%%én%d%*&tﬁﬁ%%cﬁ'a}% U&Hl&lre%&cthh%é RAnGPST aoFs Medfingh i s

hi ghly co ' n operation, both the apparatus 12

reactor 19.
and the agtparatus 14 introduce high flow rates of gaseous reactants which

g?yoggggalag'r/s el %&@'gg* AG. il,rHeRerLlﬁﬁdJs&nMy the Ainhadl ﬁ),gis%fngﬁﬁéa‘%f YO

20 first form of gaseous reactant introduction apparatus 12 and a second form of gaseous

reactant introduction apparatus 14, both for introducing high flow rates of gaseous

reactants which may contain solid particles into the tubular reactor 19. The apparatus 12

and 14 can each be utilized for injecting any high flow rate gaseous reactant which does or

may contain solid particles into a tubular reactor. In apparatus for producing titanium

25 . dioxide, the gaseous reactant introduction apparatus 12 and 14 can be utilized for

introducing either the heated oxygen or the heated titanium tetrachloride gas streams into

the titanium dioxide production reactor 19. However, the gaseous reactant introduction

apparatus 12 shown in FIGS. 1-4 is preferred for introducing the heated oxygen stream

into the reactor 19. The gaseous reactant introduction apparatus 14 shown in FIGS. 1 and

30 5-7 is preferred for introducing the heated titanium tetrachioride gas stream which is
highly corrosive into the reactor 19.

In operation, both the apparatus 12 and the apparatus 14 introduce high flow rates

of gaseous reactants which may contain solid particles into the tubular reactor 19 with low



-5 pressure drops, with uniformdistribution and good m xing of the gaseous
reactant streans in the reactor and w thout excessive plenum chanber or
reactor erqgsion due to the presence of solid particles cafgpl ] t he
gaseous redtPAKY6 As shown in FIGS. 1-4, the apparatus 125’%%%%0\#8%4%% of
a cylindrical gaseous 5 reactant injection chanber 16 having an annul ar
opening 17 around the periphery thereof -sand fl ange connections 18 and 20
connected to the forward and rearward ends 19 and 21 thereof respectively.
A closing flange 22 is attached to the flange 18. A conduit 24 is

seal i ngly peessuredrops, withawiform distributionpad goodmixingefthe/gaseonsgeactant FEAMS o1 | ca)

I njection , 0 | | hibdr WERla&e Eosibh Ydudl tbhthé he

cylindri Calﬁ%ﬁ%ﬂ%%ﬂ%@r%gﬁfg@ngﬁdﬁd condui tébgg vx\a}llli ch is also

seal i ngly opeesenee bfsblitipariclgh cartied Withithggasepus reactanthixi al | y di sposed around t he

conduit 24. An inlet fl.a [ . Li dn%gl

fl anged inl et c&?ﬁ%é’h%‘?@"c@ﬁ%ﬁ@?@% F%l%%éﬁﬂggﬁ‘gﬁf?%%n ?ﬁ%ugat ed in

FIG 51, wheRtahtinjegticrochamberckichaving aninmaiuspiening 17 apound thespetiphéry theredfi zed

with a water cooled titani,um,di.oxi de production,reactor r f

auxiliary Fﬂéﬁ‘,’n@.cﬁ?’,‘ecﬂ%‘l”ﬁ%@fi%m &%&fqu@@re&w cgrhdﬁceigtaseigﬁo t he

i nljet CONN Qhdrdd?] %Md ely. EAWI 'ﬁgemiﬁﬁfhcmu?@ﬂﬁ@e megmtconduits‘zam'hri ng

mediumis connected to the inlet connectiqgn 28 of, t (of0) Lt. 24. .The

auxi | iary sealiagly; congected theop, o'i rfg‘W%I aﬂ@i oftends infoe %’ﬂﬂ&fcﬁl JEHOPi ze the

oxi di zat | OnpLRRr16 OThé ehnkilie24 s PBSiticHed LBaxidllyowith itk cyifndeial Ghjeaidnichamber bon

di oxi de and water and the water fornmed pronotes rutilizat OH V\/ﬂlﬁgié

i npr dQes t HE and @nepandceondyit 26, avhicht is 9lsosealingly; W%@E@Sﬁ% §EE ctor

scourin | | s h@C ' | ' idaiti de,
9oty o e @ ardin Bdthuie HRC Aniflel flarik 28 % BéhnbdriA 8 Ltida

conpressed t e or Iike 1s Injected into the reactor
appar at us t24 apd e flangediinletonnection 20 mmdttnéﬂmd@bﬂw indiopted iFlGaact or .

As the titani | 0XJ [ Q. t : alvat&teddeRdt s on
the walls g‘f%%eogﬁsg%sp%%%%e eac?gr&?g g.ag., tﬁhe a‘%aért o%ut he
react or coditaniliy dioxizke rodmctiant teactonye aource ofduxdiary fiveh ed methane; propane.an

di oxi,de 25 wll contin sl,v.hui | i 'E&E&f rgm\,ggrththe
cool ilgg pr&g\ﬁf@ﬁ'?? 'sfﬂﬁ'éefgﬁﬁ%{h\éé'ggtu?gﬁ%g%gggﬁﬁﬁgw%é teﬁé%% nuousﬁ/ I ntroduced
into the rkesa@m g medivm isrjommecied ; ' moltﬂea:ﬂbmhnﬁﬁm’ah §8)0£thelhcmtha' 24. Ehemuxliaryool i ng
wat er jac .32.and 34 r 0| | t wal l s. of, the.,injecti er. In
Bl i o g A 1 gevide; polifnal i ot o Bl g Pgikitof Fedcn HHE0
gaseous r eggiciirt 19, NTRE Fiedlis okidiree o karbon tdieade arde waten ahdithe3Gatepdforimed 17 i n

the injection chanber and the_ forward end 19 thereaf The he shield 35
can be wel qEemetes W%ma@shmm&mﬁa%% Gtagjem, dipx} é"?éﬂ‘ﬁgrd end

por t bgn of FHacreackot debstirgCrbAGMSWRILI che 86 s, rbdk] €] binteredhetaiiam dibxifle,om t he
heat produced by the heated gaseous reactant @%eat ed oxygen) introduced
t hr ough t hecompragsedti digxideror, the liksris ygieciad %W’té’%@%é@s‘mf
titanium dioxide from the cooled walls of the reactor. As the titanium dioxide is formed in
the reactor, some of it deposits on the walls of the cooled portions of the reactor, e.g., the

part of the reactor cooled by water or other means. Unless removed, the titanium dioxide
25 will continuously build up and substantially interfere with the cooling process. Thus, the
scouring medium must be continuously introduced into the reactor.

The injection chamber 16 also includes a pair of cooling water jackets 32 and 34
for cooling the walls of the injection chamber. In addition, an annular heat shield 35 is
disposed within the cylindrical gaseous reactant injection chamber 16 between the annular

30 opening 17 in the injection chamber and the forward end 19 thereof. The heat shield 35
can be welded to the conduit 26 and it functions to shield the forward end portion of the
cylindrical gaseous reactant injection chamber 16 from the heat produced by the heated
gaseous reactant (heated oxygen) introduced through the annular opening 17 thereof.



-6 Also, as will be described further hereinbelow, a deflector 37 for
deflecting the flow of the heated oxygen introduced into the injection

chanber of the opening 17 and causing it to b ' y
distribub&8%¥@%@¥tached to the rearward end portion 39 oﬁcﬁﬂékgég%duit 26. .
5 A first annul ar plenum chanber 36 is provided having an annul ar outside
wall 38, a side 40 sealingly attachedsto the exterior of the gaseous

reactant injection chanber 16 and an annul ar side outlet 42. As best shown
in FIG 4, the first annul ar plenum chanber 36 also_includes a tangenti al

inl et 44 Alsp, as wilkhedesrgibed further hereinkelow @ deflector 37 for deflecting theflowpftheni ch may

contain gmgn{)@éﬁ I : F}ﬁn& tvSoFthe oMdnidy 17 adee 10
pl enum cﬁ'a er : hﬁogg%%%o%ﬁ%?o% enurkhlr gﬁgyrbery%}% hgi\%n?}ﬂg&' an annul ar
out si de wasing/i¥ toabelugifomly distsibutad| issstached 4p dhe rearward gnd pertion dR i they t he
exterior Of‘f“it% i njection chanber 16. The side 50 of the second pl enum

chanber attached to the outside wall 38 of the first plenum chanber
36 sind the sedofist snnelarpleninaclamber® is prdvided having amannular outside wall38¢ 52 whi ch

15 coi nci de i t h.t he .an ar, si de. ou t 4 n il hanber
36. As sl‘?ﬂf?‘mn Y%‘a&ﬁ@é&tgﬁ&“ﬁ%ﬁﬁﬁ&gﬁa‘%ﬁ% ggmaél ar ger

di aneterr?hdlﬁnaﬁrhhrl Eihéﬁﬁﬂephztnﬂsrbe7 ' schﬂwhd ﬁM@ﬂ;&-ﬂrﬁtmﬂmf thupi.dlanbelc. o hanber 46
covers the annul ar opening 17, ar e, per. r e ipjectjon
Canbor - 36, alia gl bisneruel et 43 Mo raingra pieh o, e, skt BEBREH ohanber
46 adj ac QRygenOwhibIe mayconiafifsclid fahtled QindUsusin tesweam tpl swidt Withinithech i s

sealingly attached tQ the exterior of the injection chanber 16 and extends
t olQear thirsumehambRI3@al | 47 of the second pl enum chanber 46. The annul ar

sl ot 54 for meq, Qordinndidlehth Hambii6HAGRR dn BAr Butside WaR474Ad sideyl the
annul ar plate 56 1s sealingly attached over the annul ar Of)é‘nli ng_j;ﬁ? in the
r I '

i nj ect i 08 apd &friscalsorsealingly tached tothe|exisorfdhe infsstion enagbes, |

her &1 NDE1s\We 1 AEechl Rlnirh Qhmie? 46 isitacked RPE SinsiBY Wi N WPiHe Friiplentafi1t 1 1
solid particles conducted to the tangential inlet 44 of the first plenum
chanmber 3Bamber 36 and thetsecandi pl¢nupy chamben 46cin¢lpdestananeylar side,inlgh 82 vdich o) | owed

S bEa pioBRciaR e e S DROK 4P o Bk PR i 06, WS BN o o1 o
the inj edirdwings, tieasehand gleounBehamhee 46 thas adangenidissptse thantthe finst jplenupy st
:x { : gg WT% 3%%%@%§%‘%%% %%‘?H%ﬁ'ggﬂp%%nt ilgﬁaiiaﬁe%hgngt ream
ar e nov e getipheneofithe injegtidn chamber 160 t he outside walls 38 and 47 of the '
Bl ong it A Pt S B e SRoP L plsforR Sl 6 pdicRaliBRET D\ W
i npect i onidelIBrthasof Hy MQMAIAOPIAEGERAICH ISGaalingBOditached to the exterior of the - .
injection chamber 16 and extends to near the outside wall 47 of the second plenum
chamber 46. The annular slot 54 formed by the side 48 of the second plenum chamber 46
and the annular plate 56 is sealingly attached over the annular opening 17 in the injection
chamber 16. Thus, as will be described in greater detail hereinbelow, the high flow rate of
25 heated oxygen which may contain solid particles conducted to the tangential inlet 44 of
* the first plenum chamber 36 is caused to swirl within the first plenum chamber 36
followed by swirling in the larger second plenum chamber 46 and flowing out of the
second plenum chamber 46 by way of the annular slot 54 into the interior of the injection
chamber 16. Because the heated oxygen stream is first swirled within the smaller plenum
30 chamber 36 and then expanded and swirled in the plenum chamber 46, solid particles
contained in the stream are moved by centrifugal force to the outside walls 38 and 47 of
the plenum chambers 36 and 46 from where the solid particles are caused to flow along
with the heated oxygen through the slot 54 into the interior of the injection chamber 16



-7 and the solid particles are not trapped wi thin the plenum chanbers 36
and 46. As is well understood by those skilled in the art, when solid
particles are trag ed within a pllenum chanber in which a high velocity gas
streamis PPV t he solid particles erode and cut throﬁﬁﬁ"’?ﬂ'@”ﬁ% eri al
formng the plenum chanber in a very short period of tine. As 5 shown best
in FIG 2, the outside wall 47 of the plg@nhum chanber 46 is sloped outwardly
towards the side 48 thereof -to facilitate the novenent of the solid
particles into the slot 54. As best shown in FIG '3, the annular slot 54

i ncl udes aafd theablid partidlesspenatdrappedowithif theglenamchambers 36 jand dhi A8 is Welln a
plurality of ,radial slots.n9. B G 3), i | d el al
slots 59 f&mmoﬁ‘gfeo%“‘f"ﬁé& a%&h&%%ynsgﬁggg%ﬁﬁ%ﬁ?dsmﬁgpﬁg and

uni formy Qhdrhbier Bifvhich Rchigh velocity gak etrdaseis avirtedythe solid particiesseradesanid qut
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chanber 16 hrough the mat W%{I’Fsﬁm‘é‘a‘ F‘H"M‘“?Mﬁ?'&& peeﬁgti Sg?ﬁebn 9 of
the condui isheibn basDRIFIC2, the ofiSide Wall¥7 oF el ehudisigaibesds isatoped obivardiyi f or m y
distributed and to uniformy flow through the c§nter. f t.qu in E.ct[?gn
chanber 15 tawards the side 48 thesenfite facilitate the Mmavemeat p ?‘F&ﬁlff&’% esa13$ 559 14 and
the reactorgl19 thereby preventing inconplete m xing and erosion from

taki ng pl ace. Thus, the process carried out in the apparatus 12 basically

conprises the swspestshows in FIG. 3gthersanujerssios 54 includes aplurality jof spaced ¥#§8ed i nt o
t he reactor, ' -f 1 l;ﬁﬂra]' I Pﬁ;ﬂi%w 6 I B?&ii 54, he
second Iargsg:aaﬁélhgdrre er g’:}%fgﬁﬂ% enuﬁgﬁa er 46. %é"l'?]);i?stbmer inﬂgqaseous
reacl@nt arithe safil dlops59tfindtion ta stop thedieatecborygen streamdram swigling.and uniformly e
reactor 19 ofst he di L1 é"mﬁ?cmﬁ%ﬁﬁ' . That
I's, the gaé@%ﬁp\é\’wﬁhg Wa?ﬂﬁ%h%@4ﬁg&p%%é&ﬁ %d\?vﬁ‘?ﬁsﬁ ough the racli'i&gl slots
59 into thand threagh the celftertof the lifijectiondchamber 161t The IdeflectorciZoattachedatodthe he
solid parti,cles are not ftr ed Jdn e first or Uieaf ers.
The radi al “étm‘se"éamgﬂ?iﬁﬂégg'é‘md%?%% 'ﬁ?%ﬁ%’g%%g\?‘m%%ggﬁg 1) re%??on 25
c Eanbe[] 1ﬁ uniforaily ufs&,mﬁmg%o ufiferindy flowthroagh t'li\;mcpmertbmeinjeoﬁoﬁ Icbambent o and
t hrou the injection c r 16, i n,a . nmanner e t he gas act ant
and $3lid dér#ﬁem“mm@mﬁ?gﬁ igtoduyrHgn SPParHiYs 4 aed e %?‘??h?ﬁ’f?f"égtion_
tcﬂa”bef 16 ﬁaﬂnﬁ@qﬁé&dplé&nﬁﬂ%ﬁ%oﬁm&mmplm.onpl ete nixing and erosion
erein. As nentioned, when the apparatus 12

) s ytilized.in rocess for
produci ng ti t anilHs deonrperss carried eutdn theapparaius A%E’a???hlyd’ﬁﬁeﬁi‘fsi‘ﬁﬁ %epgd’%tshe
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reactor 19 by way of the radial siots 59 and the injection chamber 16. That is, the gaseous

reactant and solid particles flow through the radial slots 59 into the injection chamber 16

and then into the reactor 19 and the solid particies are not trapped in the first or second

plenum chambers. The radial slots 59 and the deflector 37 disposed within the injection

25 chamber 16 cause the gaseous reactant and solid particles to flow into and through the
g injection chamber 16 in a manner whereby the gaseous reactant and solid particles
uniformly flow through the centers of the injection chamber 16 and reactor 19 thereby
preventing incomplete mixing and erosion therein. As mentioned, when the apparatus 12

is utilized in a process for producing titanium dioxide, the gaseous reactant introduced into

30 the reactor 19 by way of the apparatus 12 is preheated oxygen, i.e., oxygen preheated to a
temperature in the range of from about 1000°F to about 1800°F, preferably from about

1500°F to about 1800°F. In addition, an auxiliary fuel is preferably introduced into the



injection chanber 16 and reactor 19 by way of the conduit 26, and a
scouring nmediumfor scouring the walls of the reactor are introduced
into.the .injection chanber 16 and reactor 19 by way of it 24.
Al'so, pot¥QH%nl ori de, cesiumchloride or the Iike c#@g&%}ggﬁﬁd_ to the
heat ed oxygen introduced into the reactor 19 to control the particle size
of the 5 titanium dioxide produced. Epferring nowto FIGS. 1 and 5-7, the
apparatus 14. for introducing a high flow rate of a gaseous reactant

(heated titaniumtetrachl oride) which contains or may contaecP olid
parti cl ednjeetion chimeher 36 andyeactas 19y vyay of theondpit 26; amba fcoumRg FedIAPG 5 the

appar at uaF%.,?l; wé ggﬁar%ldigﬂnh&&iucaﬁﬁ é j&R6h RimbeP 16 84d REcteManber 60

havi ng a rearvvar 65 adapt ed to be seal i ngl y

connect ed9ty m@fmmmmmmmmmcewm@me opthg

60" 1 or meadeih b BaSF ko ided ieiohs e eﬂ%@“ﬁ%ﬁ%e%er 3 0886[‘);”9

t hose slﬁdﬂmdd;mdébmdweﬂ, t he apparatus 14 can be fornmed of various
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cylindrical wall member of a nsu mat eri a
a cyli ndPhW%?ﬁ'@r‘herﬁéﬁ r‘{]};‘ aﬁg:g %PM{%‘H al and a

cyl i ndri Galluded'® eiifdribdl gh@burdackint ijeefibn Cliaiber 6®haviriganforwdrd end6l ami bi de

mat eri al. The annul ar open| n 69 |s pref%{]%x angl ed éo ds the rear war d
end065 ofe rearwardgnd 65 ¥ CONBACH VR & annul ar
openi ng W ¥ wrr.@él ténheding %ﬁﬁf@é H2BIFIC ) ﬁﬁdﬁw@mdﬁhﬂﬂosed
therein I C Q?H?%g Furallty of radi al g’lots 62ther in % radi al slots
62 and opening:69 fnpwed theregoaraund the pgriphery thespale As; g‘ﬂf"’?ﬂ( rom

entering %a,pgg vahi6u Eﬁalm heve desiv@d t O
pl uggi ng s{gn 0 ?g%tqﬂ %@?‘%’u or m§I s‘t’drél;rbut | oszlhian thgﬁ?nj ection chanber
60. The mmng&ommm@qhmmmm the foran dlystrated in the drawings: \her 66

pra PgmM&?ﬁ&m%mggescr%&g&%E{ Mh?‘giﬁﬁrﬁﬁéggﬁﬂﬁ{ menber

63, the mfmcﬁmdﬂcabrwﬂl?menbheﬁlcfmmdl ofc arheatc insulgting pafragtept meterisk & Fj G 1)
and the re ‘5{“ (}%@0?0@1&%&3@ StantCfetaf thaterial aﬂ"g"@imérﬁaprevent
esu

damage tﬁg errperatures | nvol véd.
annul ar m@memuofiaﬂmnm:Mstwdeamwm ahqmmubégwmand 76

R TP ol B S B A O,
anpgl ar  [zh PRGNS, Ghd HiRcEnndldr b&mrigl 69e|dcludésh plusmityi oﬁmpa@dr\tandé&:ﬁilﬁoé) on
|r:>§;-s|'} lSJtsggt M r | aI ?\lﬁﬁr}g 1ty otrrr%lglrsio%s 62;3 81 Vﬂ &519175"12’0@?62 and
~ annular opening 69 are angled in order to prevent oxygen from entering them, the build up
of oxides in the slots which can lead to plugging and to facilitate uniform distribution in
the injection chamber 60. The vanes 68 can be integrally formed in the cylindrical

25 member 66 as shown in the drawings. Also, when auxiliary fuel is utilized for providing
additional heat as described above, the cylindrical wall member 63, the pipe section 67,
the conical connecting pipe section 23 (FIG. 1) and the reactor 19 (FIG. 1) are all water
cooled (not shown) to prevent damage thereto as a result of the high temperatures
involved.

30 An annular plenum chamber 70 having an outside wall 72 and sides 74 and 76
formed of a metal such as steel is sealingly attached to the exterior of the cylindrical
gaseous reactant injection chamber 60. The interior of the annular plenum chamber 70 is
lined with a silicon carbide corrosion resistant material 78 and a gasket material 80 is



di sposed between the corrosion resistant néterial 78 and the outside wall
72 and sides 74 and 76. As will be understood, insulating and corrosion

resi st ant n@bﬁ&béﬁ or techniques other than those descri t}%q.,e!%p?%qg%can be

utilized i aratus 14. As best shown in FIG 7, a tang I nl et
82 for receiving a high flowrate stream 5 of heated titanium

tetrachl ori de gas which contains or may -8ontain solid particles is
attached to the plenum chanber 70. The tangential. -inlet 82 causes the

titanium tetrachloride gas streamto swirl wiihi'n the plepumch r 70. A

tangent i al dispesed datwesn the sprrasion resistart material 73 &5 %W%Wéé‘ﬁgp?omthe
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The spaced vanes 68 disposed in the annular slot 69 which form the radial slots 62
cause the titanium tetrachloride gas stream to slow or stop swirling and to be uniformly
distributed in the injection chamber 60 in a manner such that the gas stream and solid
25 particles (if any) flow through the center of the injection chamber 60 and reactor 19
thereby preventing incomplete mixing and erosion therein.
Thus, the process carried out in the apparatus 14 basically comprises swirling the
gaseous reactant that may contain or pick up solid particles in the annular plenum chamber
70 which includes a boot 84 formed therein for catching the solid particles. The resulting
30 substantially solid particle free swirling gaseous reactant flows into the injection chamber
60 by way of the radial slots 62 and annular opening 69. The solid particles caught in the
boot 84 can be manually withdrawn therefrom periodically or they can be withdrawn
continuously by the conduit 86 and caused to flow into a slot 62. As mentioned above, the

“h



plurality of radial slots 62 function to cause the gaseous reactant and
solid particles (if any) to be uniforny distributed in the i nj ection
chanber 60 and align the flow of the gaseous reactant and solid particles
t hrough t WO B&M6€r of the injection chanber 60. As al so RERUSHWRE}S when t he
apparatus 14 is utilized in a process for producing 5 titanium dioxide,

the gaseous reactant introduced into {jpe reactor 19 by the apparatus 14 is
titaniumtetrachloride gas, i.e., titaniumtetrachloride gas preheated to a
tenperature in the range of from about 350F to about 1800F, preferably
from aboqiluril&jalaftahailsm& fihGfioh to/musei the gmoumnbetrtmtandl,solai particlenGi€hl or i de
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The0r esulchambpr 461 Theswirling oxygem is H“ﬁ?ﬂ\‘ dntg thereactar Miif of
injection chamber 16 through a first set of radial slots 59 communicating the injection

chamber 16 with the outlet of the second plenum chamber 46 whereby solid particles
contained therein are. caused to flow into the injeétion chamber with the oxygen and are
not trapped in the first or second plenum chambers. The radial slots 59 are formed by a
25 plurality of spaced vanes 58 disposed in the annular opening 54. The radial slots 59
uniformly distribute and facilitate the alignment of the flow of the oxygen and solid
partit:leé carried therewith through the centers of the oxygen injection chamber 16, the
titanium tetrachloride injection chamber 60 and the reactor 19 and thereby prevent
incomplete mixing and erosion therein. The deflector 21 also functions to align the flow

30 of the heated oxygen and mix the combustion products.
The titanium tetrachloride gas which contains or may contain solid particles is
swirled in the third annular plenuin chamber 70 which includes a boot 84 formed therein



titaniumtetrachloride gas is introduced into the injection chanber 60 and
into the reactor 19 by way of a second set of radial slots 62

comuni cating the injection chanmber 60 with the plenum chamber 70. A
condui t 86‘1’80’(5 B%nal |y provided in the plenum chamber 70PSTESMHI Mg from
the interior of the boot 84 to within a slot 62 whereby the gas pressure
differential between the boot 84 and thegjslot 62 causes the solid particles
caught in the boot to be swept through the condui.t into the injection
chanber 60 and the reactor  19. The spaced vanes 68" di sposed in the annul ar
openi ng 69of catching ¢hessalitl padtitieshi The resulting substantially solid particle freh swilinge gas to
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i nvention ﬁ%ssd&fm%hymﬁfaﬁnamad&ﬂmﬁlmeﬁm mtaefeaaomm |
01/07366 1 101y 1lrilLi |1 11111111 I N PCT/ U -1 | na, process
for react i feessiveeepion ods will alse be yndersteod by F"@%&: I“HP vedact or
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drop across the reactor and w t hout excessive erosion due to solid

particl es teastanteepnigining splid particles at high flogw rates agd temmngeatyres cTherrocesiep pndi ng ¢ he
stepsp Of  apparatus are particularly suitable for reacting preheated oxygen and preheated titanium

tetra- chloride containing solid particles in tubular reactors for producing titanium dioxide.
In addition, they are suitable for reacting preheated oxygen with other preheated metat
chiorides such as silicon tetrachloride, zirconium tetrachloride, aluminum tetrachloride
and the like.
25 Thus, the present invention is well adapted to carry out the objects and attain the
BN ends and advantages mentioned as well as those which are inherent therein. While
numerous changes may be made by those skilled in the art, such changes are encompassed
within the spirit of this invention as defined by the appended claims.
What is claimed is:



S swirling said gaseous reactant in a first annul ar pl enum chanber foll owed

by a second |l arger dia um chanber; and introducing said
gaseous reactant into gﬂ!ﬁidﬂ“ Bmﬁ y of two or nore radial slots
comuni caMoOM0&%F d r eactiOr ¢ cond pl enum chanbETHRV26305 sai d

gaseous reactant and solid particles carried therewith are caused to flow
into said reactor 10 and are uniforndyy. distributed therein. 2. The process
of claim 1l wherein said gaseous reactant is oxygen and the reaction )
carried out in said tubular reactor is the high tenperature production of
titani um di odi de. In3a probess for oeacting sligh flow mate ofiin gasedus reaxtant imatybular s
preheated to a,tenperature, 15 i.n the range.of from about 1000F to about
P500F 4 st Yt GRGUEHGH Shereh ik shakfion i i ol il 21V mretgyR e, 1
gaseous atrioksthie teactod tahd Ghithoti eiessive Giosich difectocsolid Paitioles cheisphavithiorre in t he
range of fro a&)&t 350F to about, 18Q0F., 5. In a process for reacting a

hi gh roM‘cﬁ‘ﬁ'{@ e sysussepctantoomprising the step$ of, | ar 20 reactor, the

i mps ovemﬁnt wher ebm“ﬂgfg d_iﬁ;giﬁéoﬁﬁreh&atﬁfiﬁ ahesd-aﬂ;mu\%dnhmachhw?rpgw e flr op
across the reactor and w thout excessjve erosion due to solid particles
carried W@Wpﬁg&%a@@% “FH‘E“%E@H@’?;PE‘;Ct ant conprising the steps of
swirling said gasepyadj faséoils Fedctiit it Bhid ReaRion By Wag'bB ko Bhingle | ncl udes

a boot forned therein for catching solid particles carfied with said

gaseous raial slotsceommunicating paid regerot with saifh seqond plennmshambervherebyiseid sol i d
par 1 cl € ghichls a2 ad mﬁg)taﬁﬂfeécérﬂwtthr iy :QB&onOJaidteé&t&f fror

radi al sFFots conmunicating sald reactor wt enum chanber wher eby
sal@® gaseondiare upiformiyndistributedithereina y di stri buted therein. 6. The process of
claim5 which,furt [ : -ng%v' | : it in said
pl enum chanberz‘ extgﬁ% ng Pg?nﬁﬁ’hg%r%ﬁi%?go sa‘%e od?o’f%g{/lmgﬁﬁﬁﬁ one of
sai d r adireaction atriedwdut incsaid tibwargeactqriethe high teinpératmesprodictieofitamiumai d boot
and said  fadial slot causes said solid particles caught in said boot to be
swept thrd!? said conduit into WO 01/07366 PCT/USOO/ 20305 -13- ~ 1 I"I"]
11 * 1110111 81 | | 1Thelfibcesnbficliimo? vherein Said bxygdends prebeatsistoaftenparatnieS wher ei n

sal g gaseous reactant is t] | U t chloride and the reaction carried
ouwi n sift em%?‘f—;\%‘?m&@?’gm%“‘ﬁ%@t enperature production of titanium

di oxi de. 4, The process of claim 2 wherein said oxygen is reacted with gaseous
titanium tetrachloride which is preheated to a temperature in the range of from about
350°F to about 1800°F.

S. In a process for reacting a high flow rate of a gaseous reactant in a tubular
20 reactor, the improvement whereby the reaction is carried out with a low pressure drop

across the reactor and without excessive erosion due to solid particles carried with or
picked up by the gaseous reactant comprising the steps of: '
swirling said gaseous reactant in an annular plenum chamber which
includes a boot formed therein for catching solid particles carried with said gaseous
25 reactant; and '
introducing the resulting substantially solid particle free gaseous reactant
into said reactor by way of two or more radial slots communicating said reactor with said
plenum chamber whereby said gaseous reactant is uniformly distributed therein.
6. The process of claim 5 which further comprises the step of providing a
30 conduit in said plenum chamber extending from the interior of said boot to within one of
said radial slots whereby the gas pressure differential between said boot and said radial
slot causes said solid particles caught in said boot to be swept through said conduit into



5 S. The process of claim7 wherein said gaseous titaniumtetrachloride is
preheated to a tenperature in the range of from about 350F to about 1800F.
9. The process.of claim7 wherein said gaseous titaniumtetrachloride is
react ed wi tHO8¥)58 preheated to a tenperature in the rang@ PP Hbout

—

1000F to about 1800F. 10 10. In a process for producing titani um dioxide

by reacting high flow rates of oxygen amgt titani-umtet lL,oride gases
containing solid particles in a tubular reactor at a pmiﬂaﬂﬂ[# ”J Mﬂf\st
about 2 psig and a tenperature of at |east about 2200F, '« .
wher eby t hesaldgeastaron is carried out with a | ow pressure drop across the

reactor apparatuys angpui hBouds f;&ﬁ.giﬁ/%ﬁ&&?i%gl %ero&s? réddtdnt! iB HithhiGmeS

carried with or “15 picked up oxygen a taniumtetrachl ori de

gases conprtetsichigride,andsthe yeaction cagried owkoinssaiddubulyrorsactomis she high ttemperatizer
pl enum cha;ﬁ;&iugﬁ&l&qmngxio%desecond | ar ger di aneter annul ar pl enum
I Mt roducl ng sal

chanber, i oxygen into said reactor by way of a first set of
radi ab slots c@muniThatprocgssef dlaine i whereini sdid ghseous. titasiumo tetmohlorideeisond

pl enum chamnber reb 20 sai d ox and solJ articl arried
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di stributed therein;, Theiprbdesi)of dlaiin 17 WwherelnTidid 08 fitahfkth Gtachloride ishi rd
annul ar pl enum chanber which includes a boot formed therein for catching
solid partirescted with pxygen preheated to) attemperature inithe rangs (of froms abput ;1000 195

I nt roducin 35&%866‘%“'“”9 substantially solid particle free titanium
tetrachloride gas into said reactor by way of a second set of radial slots

commifii cating d8 d Ieaptoeess\fbort produriing tithninm didxdde by reacting digh/fiew edigs ofai d
titaniumtetrachl qride I, .uni formy. distribut.ed thergi.n. 11. The

br oness of ‘EPEFRANS G Fmsioride Eaced eppbinine iR P Bre PG R 2 20
condui t i n meissretdfl dtdlesst ciboid 2 NRiEdand axieaipdiaige fofoah ledst abbiite2200°F,0thesai d

boot to within one of said secqond,set .of radjal slots whereby the gas
pressure diiMPEVenent yherehy, fbe seaction)is easried autgwith a Jow pressure drap agmossthe sai

sol i d parti&&ﬁ@ﬁ&&h&ﬁ@ﬁﬁb&é&%k%ﬂﬁ@hwﬁ 1At rriéd dafi for _
PCT/ USOQ 20305 [T 2arvrtrilttrraltiilitliltiolr L 5said conduit into said

reacddr. 1Zickehup by heoxygenrand tianipmtotraghloridp gases campsisingdhe stepspfieheat ed to a
br ocese. of cl aim 10 Shardk Sid S0k el dillar et Whordd] Bhoneh 078,
a t enper at eeon largesdiameteg enmftar plepnmabamber350F t o about 1800F. 14. "An
i nproved apparatus f %ohﬂélﬁé)gﬂg ioQ?geﬁ inl!ogsjﬂidf J’eggl\.’o{@); @a?fofa 430 & 'OF radial
slots communicating said reactor with the outlet of said second plenum chamber whereby
20 said oxygen and solid particles carried therewith are caused to flow into said reactor and
are uniformly distributed therein;
swirling said titanium tetrachloride gas in a third annular plenum chamber
which includes a boot formed therein for catching solid particles carried with said titanium
tetrachloride gas; and
25 introducing the resulting substantially solid particle free titanium
tetrachloride gas into said reactor by way of a second set of radial slots communicating
said reactor with said third plenum chamber whereby said titanium tetrachloride gas is
uniformly distributed therein.
11.  The process of claim 10 which further comprises the step of providing a
30 conduit in said third plenum chamber extending from the interior of said boot to within
one of said second set of radial slots whereby the gas pressure differential between said
boot and said radial slot causes said solid particles caught in said boot to be swept through



react ant which contains or picks up solid particles into a tubular reactor

conprising: a cylindrical gaseous reactant injection chanber having a

closed forward end and a rearward end adapted to be sealingly connected to

the upstr &M¥B7¥6of said 10 tubul ar reactor and havi ng ZETAISAY09S openi ng

around the periphery thereof, a first annular plenum cha i

outside wall and at |east one side seghingly attachem!mi t he exterior of
*c

sai d gaseous reactant injection chanber, said first ﬂuu"ﬂmy‘”"raw ng
hi gh

an annular side outlet and having a tangential inlet
f I ow r at e ssidicondwitdnto said teages cous react ant contai ning solid particl e and

for causing 15,sai -SWinl her el | num
chanber havi ng§%‘n oﬁpgﬁlég&%ﬁﬁmﬁ'#g \%l}éﬂ%i&i&&}tﬂ%é@ﬁ)ﬁ%@%ﬁ%na;tgﬁ 5 | ter than
sai d fi r stin theeangaoffemiabout $6G0°F fpdbputAl806fFhed to the exterior of said
gaseous reactanf injection chanber, said second pl enuym ¢chanber having an
annul ar side i R%'et PIOCRSP ‘i‘l‘?‘a'@ﬁ’@!ﬁ?‘bs ﬁ*tamawrfafn&wg ol Wof “sai d
firss pl eqiyshpeddture hKE Pinge B rciR BOBURSSCPT B abo@d 1806PEM thin sai d second pl enum
chanber adjacent to the "side thereof opposite fromsaid annular side inlet

t hereof, said afnul &n igipemved @ppasatue firi ingeducingta highcfiow vate of 8 gaseawsu| ar

openi ng igeacﬁﬂli gfaﬁ&“% 1 O] | 5 ﬁ{mﬁ% a% -endi ng to near
t he outside vva‘?hlo sal oggfgg%%flgﬁhﬁ]a%*gﬁbégp; an @gm urality of
spaced vanes at t ache&dyliadrical igaseausireactant linjection chamber thaving layclosed forwasdo or nor e
radi al sl rel. r | ' f Urst . Cconpri ses
a gaseous%ﬁﬂgr@‘oﬁgf e%ﬁ%ﬁoﬁ&ﬁh@%oﬁgypﬁ%ﬂ %@I&Ssrg’gtcaous
reat® ant itubulac teactor anddaviag ad arnulat ogening@rouad theeriphierytheieofy sai d gaseous
reactant therein whegeby it flows through. the center of said 30.fubular
reactor. 16. The ap‘bﬁ%%ffwgf%?'e@}'%FM&f%éﬁH“?@F&’aaag‘ésﬂ?s}‘&?ét nt is
E.ea';]ed OXyeinaly Jntted ' .fﬂ\‘/’\g)a‘(i)ii} 073 Pﬁ/tﬁgj% 305 1iﬁgmr I T e
i gh tenpeyatur roduction o ) . iiiiu
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cyl [ hdrical..gaseous reactant injection chanber and positioned coaxially
theigwi t hwé&%wemg'ﬁﬂ&"a reactor scouring nmediumthereéin. 5 18. The

apparatus of clai m g dechhd akhular pleirh hRMbér Haomg AnSRidOwsI0 Bl killes &2l | ngl y
extending into said cylindrical gaseous reactant injection chanber and

posi t i onebadRg: asger diameter than said firstiplgpum chamber sealingly aached to the XU char gi ng
auxi | i ary of 48l gaseous reactant injection chamber, said second plenum chamber having an

annular side inlet sealingly attached to said annular side outlet of said first plenum
20 chamber; '
an annular slot formed within said second pienum chamber adjacent to the
side thereof opposite from said annular side inlet thereof, said annular slot being sealingly
attached over said annular opening in said gaseous reactant injection chamber and
extending to near the outside wall of said second plenum chamber; and
25 a plurality of spaced vanes attached within said annular slot to thereby
form two or more radial slots therein.

15.  The apparatus of claim 14 which further comprises a gaseous reactant
deflector disposed within said cylindrical gaseous reactant injection chamber for aligning
and distributing said gaseous reactant therein whereby it flows through the center of said

30 tubular reactor.

16.  The apparatus of claim 14 wherein said gaseous reactant is heated oxygen

and the reaction carried out in said tubular reactor is the high temperature production of



therein. 19. The apparatus of claim 18 which further conprises at |east one
cooling 10 water jacket sealingly.attached to the exterior of said
cylindrical aseous reactant injection chanber. 20. The a f claim
19 which f 3YQ M4 orrprl ses a heat shield disposed in sai dggﬁ’%‘%zﬁ%?ﬁg
gaseous reactant injection chanber between said anaular-epening therein
and said closed forward end thereof 15 2%-. An inproved apparatus for

introducing a high flow rate of a gaseous reactant I ' pi cks
up solid particles into a tubular reactor conprisi ngmllmuu")mw mﬂ‘ ﬂHaSEOUS
react ant i mitaniuim dioxidaanber having a forward end and & rearward énd*adapt ed
to be sealingly onn t ed t agh or and
havi ng an annul iﬁ? 3%8’50?%%%2%{@@% ar ogﬁgr?@ﬁbperl p%ery t e‘r?%%f sai d
20 annul ar gntbawdlg:yﬁndriuar asdoys o'éacqnaanﬁcnmnelwnbesmldedomm\eél nto

t her eby form i or e gadial slots therein:.an annul ar pl enum
chanber \”Pﬂ%‘\’,@ﬁhﬁ'ﬁ‘!’@? d\ﬁéﬂgl W‘é’gm"ﬁ’ q‘egeﬂ ached to the
extergor of sai qgcyl rmelrappaﬂmgasm nemiohrmrmm anﬂprtses ahsepdmedr condeit sai d
annul ar openi

nhg, havipng a tangenti al Iet for recelwn flow rate
stream of 'asfzsegae@emmpeaﬁa in ?@P'&I%@g@ﬁd ap r
causi ng saifdsfGna VoaxihlRAtHertWith [dad SWtH !:axd first %&lcﬂntl%xe

annul ar pl enum chanber "al so i ncluding a tangential boot forned there| n
downst r eamthereim sai d tangential inlet for catching said solid particles

cont ai ned i n Saiig UaGREUspdrRRFLALIKim P8 whitRCRARG CoRipiSesoi 4 brié BRbikg! Ch

further conpri ses a con ed 30 wthin said pl enum chanber havi ng
one &hd ethuaeyensmlmgbaﬁdclbdmﬂmn&mW@f@dGﬂ"@ﬂdﬂ&S@Wﬁ@i?@%ne of
said radi al mﬁts in said cylindrical gaseous reactant injection chanber.
23. The ap s of claim 21 wherein said gaseous reactant is heated
titani um 11111120111 Thé dfipatshisidficlain 19 MhihORdthE00BPeisES aLhem $ncld dxsposed
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The appar atm:nh&&aﬁims%afmwmﬂwwaﬁr corrprl ses an i nt ernal liner forned
25. “The appar at 2 of Aot ERREved HRERE, o8 Aepousing ek Jo e oF dokeatd e
Cyl i ndri calmﬂﬁ\ﬁm coralfid sHpicks Gp solid pam&ésaﬁbamwwraandwmsmg slots
formed therein are ag%lyl?r?dntcglvg\%;e%ls.ls reactant injection chamber having a forward end and
a rearward end adapted to be sealingly connected to the upstream end of said tubular
reactor and having an annular opening formed therein around the periphery thereof, said
20 annular opening having a plurality of spaced vanes disposed therein to thereby form two
or more radial slots therein; and
an annular plenum chamber having an outside wall and sides sealingly
attached to the exterior of said cylindrical gaseous reactant injection chamber over said
annular opening, having a tangential inlet for receiving a high flow rate stream of said
25 gaseous reactant containing solid particles and for causing said gaseous reactant to swirl in
said plenum chamber, said annular plenum chamber also including a tangential boot
formed therein downstream from said tangential inlet for catching said solid particles
contained in said gaseous reactant.
22.  The apparatus of claim 20 which further comprises a conduit attached
30 within said pienum chamber having one end extending into said boot and the other end
extending into one of said radial slots in said cylindrical gaseous reactant injection
chamber.
23.  The apparatus of claim 21 wherein said gaseous reactant is heated titanium



said rearward end thereof. 26. An inproved apparatus for introducing high

flow rates of oxygen and ride gas which contain or pick
up solid particles into a tummum"mnmo conpri si ng a cylindrical
oxygen inﬁ'@d’f”"@ﬂs chanber having® a 'cl.dsed fodrward end andPGUSW2PREr d end
and havi ng an annul ar openi ng around the periphery thereof; a first annul ar
pl enum chanber havi ng an outside wal Lygand at | east one si de sealingly
attached to the exter ior of said cylindrical oxygen injection chanber,

said first 15 plenum chanber having an annul ar side outlet and having a

t angent i tetrachloride gdsand theaeactiomepriedioutyin shid dubulag reactor istherhigh tempsraiige oxy gen
cont ai ni +A€f &xﬁﬁ and for causing said streamto swirl therein; a
second num c er havi ng an outside wall and sides and having
a larger diarpdter Tmbappammbftlmmmhﬁmmheommsemamengllweafqmeﬁed to the

exterior .20 of sal d ox t|on ch e§econd pl enum chanber
havi ng a?f E“Yﬁgﬁf‘@ g“ﬁ%%‘“?% Sai d annul ar side

outsl e'él 0}‘ saizs. Li %&aﬁmd b&mkmhmmﬂwaﬂe?hgﬁmmcylufmmln saldd
second pl enum chanber adj ereof.o t [ Qm sai

annul ar Mswwmﬁﬁgﬁg@ﬂﬂfﬁﬁﬂﬂ¢ﬁﬂ‘§f@fmﬁéﬁﬁﬁ%ﬁg %’Iet?w”gftached
over saigifrisdwarden@BfRdoRg i N said cylindrical oxygen injection chanber and
25 ext endi ng;ég nxr&%%mll of sai ﬁ'&ﬁM?’ﬁg &F%ﬁf(’i&%{l er; a
plurality of er eby
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gas injection chanber having a forward end sealingly connected to said
r 68 war deompeisiog: sai d cyI i ndri cal oxygen |nJ ection chanber 30 and a

rearward end conng r%g“;ré t hg ng aictbsbd ' forad eh@and #1 and
ere| n aroun

havi ng an annul ar s ot e per| phery thereof, sai d
annul ar rehrwardeardiandjhavingrnanpilartopening arpunstiie periph esedsed t herein to

thereby formtwo qr, @‘;}Q [T ~"1
111111 11111 1111f@¥%¢%&8§%8&@@é@ﬁ"% lwﬁ%ﬁpﬁg&g"’mul ar

pl enum cmmwathamdrtg thenexserios iofl saidveylindeicad osygeasmsemqhgmyer asci fished to the
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titani unhigh ﬂbwamblstrwﬂmfgnaae:tommmmgnmglsoﬂd particles laed forragusing saidiusi ng sai d
titaniumtetrachlaoride gas 5 to swirl in said plenum chanber, said third

annul ar M ed > al so including a
a second annular plenum chamber having an outside wall and sides and

having a larger diameter than said first plenum chamber sealingly attached to the exterior
20 of said oxygen injection chamber, said second plenum chamber having an annular side
inlet sealingly attached to said annular side outlet of said first plenum chamber;
an annular slot formed within said second plenum chamber adjacent to the
side thereof opposite from said annular side inlet thereof, said annular slot being sealingly
attached over said annular opening in said cylindrical oxygen injection chamber and
25 extending to near the outside wall of said second plenum chamber;
a plurality of spaced vanes attached within said annular slot to thereby
form two or more radial slots therein;
a cylindrical titanium tetrachloride gas injection chamber having a forward
end sealingly connected to said rearward end of said cylindrical oxygen injection chamber
30 and a rearward end connected to the upstream end of said tubular reactor and having an
annular slot formed therein around the periphery thereof, said annular slot having a
plurality of spaced vanes dispdsed therein to thereby form two or more radial slots therein;
and



tangential boot forned therei nTdownstreamfromsai-d tangential inlet for
catching said solid particles c ﬁlmned LN sal d titaniumtetrachl oride

gas. 27. The a{)&arat us of claim !I u onprises a conduit
attached WORAIH3&%id third plen one end BETRIS0030305 nt o

said boot and the other 10 end extending |nto one of said radial slots in
said cylindrical titaniumtetrachloridg-gas injection chanber. 28. The
apparatus of claim 26 which further conprises an oxygen deflector disposed
within said cylindrical oxygen injection chanmber for distributing and
aligning said oxygaemhitdenelanplee elh;nbiethivingvm dutsideowpil andsides seabinglyf sai d

t ubul 5 2 | h furth
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said first conduit for dj schargl ng auxiliary_ fuel therein. 31. The

appar at us t¥Beatiahbrotaformpd terein, dxom sad tvalgﬂéal injet; fer eatehms)@@éd

W thin sai ?m‘tﬁfﬂ#’ﬁ%ﬁaﬁ bet ween sai d annul ar

openi ng tﬁglrld:?gdﬂgy;l ﬁsal d ose orward en hereof 32. The apparat us of
cl ai m 26 whi ch2furt fée apms of glaiam %mbclneﬁmher igempriges raoepndpiy agthckedr r osi on
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sai #0cyl i read iextending intnonerof said sadial sloisdio sgidscyilingrical titaniushtetrbchloridecgaangl ed
t owar ds S%jgctioﬁ?:mrr.d end of said injection chanber.
| 28.  The apparatus of claim 26 which further comprises an oxygen deflector
disposed within said cylindrical oxygen injection chamber for distributing and aligning
said oxygen therein whereby it flows through the center of said tubular reactor.

15 29.  The apparatus of claim 26 which further comprises a first conduit sealingly
extending into said cylindrical oxygen injection chamber and positioned coaxlally
therewith for discharging a reactor scouring medium therein.

30.  The apparatus of claim 29 which further comprises a second conduit
sealingly extending into said cylindrical oxygen injection chamber and positioned

20 coaxially therewith and with said first conduit for discharging auxiliary fuel therein.

31.  The apparatus of claim 30 which further comprises a heat shield disposed
within said cylindrical oxygen injection chamber bétween said annular opening therein
and said closed forward end thereof,

32.  The apparatus of claim 26 which further comprises an internal liner formed

25 of corrosion resistant material disposed in said third annular plenum chamber.

33.  The apparatus of claim 32 wherein said annular slot and said radial slots in
said cylindrical titanium tetrachloride gas injection chamber are angled towards said
rearward end of said injection chamber.



