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The present invention relates to processes and apparatus for reacting high flow
rates of gaseous reactants containing particulate solids in tubular reactors, and more
particularly, to reacting high flow rates of oxygen and titanium tetrachloride gas which
can contain or pick up particulate solid contaminants in a tubular reactor at high

10 temperature to produce titanium dioxide.

In reactions carried out in tubular reactors where high flow rates of gaseous
reactants are injected into the reactors, problems can occur with incomplete mixing and
with severe erosion of the side walls of the reactor due to the presence of particulate
solid contaminants in the reactants. The incomplete mixing can cause less than desirable

15 reaction results and the erosion causes contamination of the products with the materials
forming the reactor, as well as drastically shortens the useful lifetime of the reactor . For
examplg, in the production of titanium dioxide, the gaseous reactants are heated oxygen
and heated titanium tetrachloride gas which are combined in a tubular reactor at high
flow rates. A high temperature oxidation reaction takes place in the reactor, yielding

20 solid titanium dioxide particles. Occasionally, both the oxygen and the titanium

| tetrachloride gas streams contain or pick up particulate solid contaminants which
impinge on the surfaces of the reactor . Such particulate solid contaminants get into the
gas streams as a result of the passage of the gas streams through process equipment and
piping upstream of the reactor. The process equipment and piping can contain

25 particulate solid scale, solid particles from fluidized beds, particulate welding slag and
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FUEL M 30-° thze%ke. R S0, aR le IClll\.(EtQIS(l)‘ilbﬁ §co¥n"ing medium such as sand is often introduced into
the reactor to scour titanium dioxide deposits from the walls of the reactor. The scouring
medium occasionally finds its way into various upstream parts of the reactor and séme
of the medium IS picked up and carried by the gaseous reactant streams. For example, if

5 the scouring médium is being introduced into the reactor apparatus when the flow of
oxygen or titanium tetrachloride is shut down, the scouring mediium can flow out of the
reactor into oxygen or titanium tetrachloride introduction apparatus, for example,
plenum chambers, connected to the reactor.

In attempis to solve the problems mentioned above, large plenum chambers have
10 been used upstream of the injéction into the reactor of gaseous reactants through small
gaps, so that contaminants are trapped in the large plenum chambers. The use of these
small gaps to contain the particulate contaminants results 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.
15 In order to operate with lower gaseous reactant pressure drops, the gaseous
i reactants have also been tangentially injected into small annular plenum chambers which
distribute‘them around two or more slots through which the gaseous reactants flow
radially into the reactor. Unfortunately, by this method and apparatus, particulate solid
contaminants carried or picked up by the gaseous reactants can be trapped in the annular

20 plenum chambers which causes the plenum chambers to be rapidly eroded. Neither

approach has truly proven entirely satisfactory.



TI TANIUM TETRACHLORI DE | NLET (57) Abstract: The present invention provides

i nproved processes and apparatus (12,14) for reacting high flow rates of
one or nore gaseous reactants in tubular reactors (135 Janliag 200ar oved
processes and apparatus (12, 14) allow such reactions to be carried out
with a |low pressure drop across reactor (19) w thout excessive erosion due
to solid particles carried with or picked up by the gaseous reactants. A
process of this invention is basically conprised of the steps of swirling a
gaseous reactant which nmay contain or pick up solid particles in a first
annual ar pl enum chanber (36) followed by & second | arger dianeter annul ar

pl enum chanber (46) and then introducing the gaseous reactant and solid
particles'into a reactor (19) by way of two or nore radial slots (59) ‘
wher eby said gaseous reactant and,solid particles are caused to flow into

said reactor (19) and are uniformy distributed therein. WO 01/07366 Al For
two-l etter codes and ot her abbreviations. refer to the "Guid- ance Notes on-

Codes and Abbrievi ations" appearing at the begin- ning of each regul ar
APPARATUS FOR REACTI NG GASEQUS

i ssue of the PCTIQ‘q%zette.. 26 .Januar 20% I f
REACTANTS CONTA! NITREMSER iRfasiR pecetssmo SPPaRs far reacting o ihigh flooy rateel 2 o

rocesses a ting high flow .rates of gaseous reactants -
Eont' ai ni ng %@gg({agéag?@gﬁ%aa{gﬁﬁﬁwhf&ﬂaggo?t@%g&l - up, selid-pariclesyg e tubulpe | v,

to reagting &y of : .Ljtaniumtetrachl oride gas.which
can contain ror‘:@[%ci;’l f’:v}kla)t'%if)‘l %g‘?%??]g It(gté)eﬁgtor%@%%{%%ﬂ AP HAnes tp lﬁ’ﬁdﬁﬁ'%e‘? &ct or
at high 10 stxaigaehatfitknh@laP i i | 1QX1 reactions carried
‘Q6t in tubuISar reactors Mergﬁﬁﬁﬁhﬁ%ﬁ%m%@@g%%%%r er?lgghe?eéﬁpgﬁgre

inj ect ed i nipbentiechaame:. oThe sWiHKY S4EB0RHBadsit ¢ tﬁ%tiﬁhddéhﬁ%'tc?{hﬁ U
Wi th severe erosion of the side walls of the reactor due to the presence of

parti cul at e wagaifitelo oombeniadiahtlsts antht batletedelcantdnd plétni &a1HRE 8b Ballsiigng can
cause |l ess than desirable 15 reaction results and the erosion causes
cont ani nat i dAtiskes areecaieswith shangastoushreactat érbwdisthe center of the reactor and are
10 not trapped in thf; first or second plenum chambers. In the production of titanium
dioxide, the above described first embodiment is especially suited for injecting high flow
rates of heated oxygen into the reactor.
In a second embodiment, a high flow rate gaseous reactant which can contain
solid particles is swirled in an annular plenum chamber including a boot for catching the
15 solid particles. The resulting substantially solid-particle-free gaseous reactant is
introduced into the tubular reactor by way of two or more radial slots. A conduit is
optionally provided in the plenum chamber extending from the interior of the boot to
within one of the slots whereby the gas pressure differential between the boot and the
slot causes the solid particles caught in the boot to be swept through the conduit into the
20 reactor. The radial slots are preferably slanted in the downstream direction to facilitate
| the uniform distribution and alignment of the flow of the gaseous reactant and solid
particles (if any) through the center of fne reactor, and so avoid incomplete mixing and
erosion at the periphery of the reactor. In the production of titanium dioxide, this second
embodiment is especially suited for injecting high flow rates of heated titanium

25 tetrachloride into the reactor, so that in this context, a particularly preferred apparatus



formng the reactor, as well as drastically shortens the useful lifetinme of
the reactor. For exanple, in the production of titanium dioxide, the
gaseous reactants are heated oxygen and heated titardsumnuetyr200ll ori de gas
whi ch are conbined in a tubular reactor at high flowrates. A high
tenperature oxidation reaction takes place in the reactor, yielding 20
solid titanium di oxide particles. Qccasionally, both the oxygen and the
titanium tetrachloride gas streans conf4dain or pick up particulate solid
contam nants which inpinge on the surfaces of the reactor. Such

par t iviHhARL Bom it ﬁ@ﬂéiﬂmm%ﬁf&‘?ﬁtrdd%ﬂgtogl?gerﬂ 3fd #ld LR SHRihER(Fk of the

passage of the gas streans through process”equi pment and piping upstream
of t hetredeauigditaniTindetproblpeidls). equi pnent and pi pi ng can contain 25 particul ate
solid scale, solid particles fromfluidized beds, parti cul ate wel ding sl ag
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chanbers, connected to the reactor. In attenpts to solve the probl ens

ment ih8KaE ansedar oneaye asowrihe perbsst therlealie 10 been used upstream of the
injection into the reactor of gaseous reactants through small gaps, so
that contam nants are trapped in the | arge pl enum chanbers. The use of

t hese srrmlﬁrstgmnalar plenomtchtmnbérttevingrdni cutsidd walt amnd am:asamfsmce&alihgyi n hi gh
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them around two or nore slots through which the gaseous reactants fl ow

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 of said gaseous
reactant 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 gaseous reactant injection chamber and extending to near the

outside wall of satd second plenum chamber; and

" aplurality of spaced vanes attached within said annular slot to thereby form two or more

radial slots therein.

In another aspect, the present invention provides an improved apparatus for introducing a

high flow rate of a gaseous reactant which contains or picks up solid particles into a tubular



radially into the reactor. Unfortunately, by this method and apparat us,
particul ate-solid contam nants carried or picked up by the gaseous
reactants can be trapped in the annular 20 pl enum chardenmiaopa causes the
pl enum chanbers to be rapidly eroded. Neither approach has truly proven
entirely satisfactory. 26 January 2004 3 The present invention concerns
novel apparatus for reacting a high flowrate of a gaseous reactant (or
reactants) which can contain or pick up solid particles in a tubular 5
reactor, wherein according to a first efibodi nent, a gaseous reactant to be
injeq@§¥#901n syi,tl ed in a first annular plenum chanmber followed by a second
| arger di aneter dnnular plenum chanber. The swirling gaseous reactant is
then introduced into the reactor by way of two or nore radial slots at the

outl et of the second plenum chanber, s hat solid .partigcles are carried
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for catching the 15 solid particles. The resulting substantially

solid-particle-free gaseous reactant is introduced into the tubular reactor
by way ofantapguler piswire chadberhaxingas oujsideorailiand sides seplingbnattachediodhe ded i n
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the center of the reactor, and so avoid 1 nconplete mxing and erosion at

t he peiditpigentialoflet foe catebiog said sdlad particlps oatuainedm soid gaseansireavtatit.oxi de, this
second enbodinent is especially suited for injecting high flow rates of
heated titanium 25 tetrachloride into the reactor, so that in this context,

a par yettnditey adpelil e RsbeAiRMoH provides an improved apparatus for introducing

high flow rates of gaseous reactants which contain or pick up solid particles into a tubular

reactor, comprising:

a first cylindrical gaseous reactant injection chamber having a closed forward end and a

rearward end and having an annular opening around the periphery thereof;,

a first annular plenum chamber having an outside wall and at least one side sealingly
attached to the exterior of said first cylindrical gaseous reactant injection chamber, said first
plenum chamber having an annular side outlet and having a tangential inlet for receiving a high
flow rate stream of a gaseous reactant containing solid particles and for causing said stream to

swirl therein;

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 of said first



26 January 2004 4 will use both of the first enbodi nent (for introducing
oxygen) and the second enbodi nent (for introducing titanium
tetrachloride). In one aspect, the present invention 38 anudgs20@4 i nproved
apparatus for introducing a high flowrate of a gaseous reactant 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 upstream end
of said tubular reactor and havi ngban annul ar openi ng around the periphery
t.hereof.; . a anmber, havi,n and. at | east
one. SyBirtal bffon PR R R T PRETSG0 s B e el pn A0
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outl et and having a. tangential inlet for receiving a high flowrate stream
of said gaseous reactant containing solid partlcles and for causing said

streamto ﬁAEI per Ig tside
wal | and s? eslﬂ&gﬁﬁgyﬁﬁgqg g%ggﬁ &gﬁéﬁ% tHaegg rF?@% p eﬁﬁﬁgghanber
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chanber,. said. second pl en nber havi ng .an ann ar side inlet seallngly
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annulpr, ik htside WBIh AdhidePorRiichu epishap! enum chanber adj acent to the si de
thereof ~opposite fromsaid annular side inlet thereof, said annul ar slot

bei ng sealingly attached over said annul ar opening in said gaseous

reactant i,n n ch nber an ndi n tside wall of said
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annu&amaﬁﬂagﬂkgnﬁhereby formtwo or nore radial slots therein. In another

aspect, the present i nvention provides an inproved apparatus for
introducing a high flowrate of a gaseous reactant which contains or picks

up solid a@g&ﬁlh %&ﬁ&drﬁcﬁf gasgoﬁs%%tﬁ{t il%gctilo%%%ﬁ%elzgglfhgd'gfgr&raﬁf 8l s%ﬁﬂ%ﬂr sing:

connected to said rearward end of said first cylindrical gaseous reactant injection chamber 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
disposed therein to thereby form two or more radial slots therein; and

a third annular plenum chamber having an outside wall and sides sealingly attached to
the exterior of said second cylindrical gaseous reactant injection ¢hamber, having a tangential
inlet for receiving a high flow rate stream of a gaseous reactant containing solid particles and
for causing said gaseous reactant to swirl in said plenum chamber, said third 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.



a cylindrical gaseous reactant injection-chanber having a forward end and a
rearward end adapted to be sealingly connected to the upstreamend of said
t ubul ar reactor and having an annul arg@peni ng for med2d feuerye@dound t he
peri phery thereof, said annul ar opening having a plurality of spaced vanes
di sposed therein -t hereb f&rmt\qo or nore radial slots therein; and an
annul ar pl enum ch Mﬁﬂ’/‘%{% §Aa%IRgS, de wal | and si des seal | ngly attached

to the exterior d; cyl i ndr.i cal eous reactant injection chanber
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of gaseous react aFIGURRI4GEa efss-secliodl viivEtL i LEFfA §s into a
tubul ar reactor, conprising: a fi 'r‘gitl cyli nﬂ%g%!"%algggggﬁ#éact ant

i nj ection chanber FIGIREG ina sidoemss-setivil dictnelkasloft IM@?—SWFFR} §nd and
havi ng an annul ar _openi ng around the periphery thereof; a Tirst annul ar

pl enum chanber hal¥k § ipatrosdeectiondl viendtakdn d16aSlined6 o FRE sseal i ngly
attached to the ei‘gt erior of said first cylindrical gaseous reactant

i nj ection chanber FIEHRE 71§ 3 gross-geceonalviehdakeeralomliney-2of BIS| ar si de out | et
and having a tangg ial inlet for receiving a high flowrate streamof a
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swrl therein. tﬁ'u%%na%d .aqput:{air El enum chanber having an outside wall and
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sealingly at terior, of said first 26 January 2004 4b
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said annul aand hjphei @ mtinusai d first cylindrical gaseous reactant injection
chanber and extending to :

The apparatus of FIG. 1, generally designated by the numeral 10, is
comprised of a first form 12 of gaseous reactant introduction apparatus and a second
form 1[4 of gaseous reactant introduction apparatus, both of which are suited for
introducing high flow rates of gaseous reactants which may contain solid particles into a
tubular rwc?tor 19 which can be of any suitable known reactor design, including, without
limitation, those that are cooled with water or other heat exchange medium, and those
which are not cooled or are formed of a porous medium. The apparatus 12 and 14 can in
a more general confext be utilized for mjectmg any‘ high flow rate gaseous reactant

which does or may contain solid particles into a tubular reactor. In apparatus for



‘near the outside wall of said second plenum chanber; a plurality of spaced
vanes attached within said annular slot to thereby formtw or nore radial
slots therein; a second cylindrical gaseous reactant igjsehiyapoghamber
having a forward end sealingly connected to said rearward end of said
first cylindrical gaseous reactant injection chanber and a rearward end
connected to the upstreamend of said tubular reactor and having an annul ar
slot formed therein around the periphéry t hereof, said annul ar sl ot having
a plurality of spaced vanes disposed therein to thereby formtw or nore
radial slots therein; and a third annul ar pl enum chanber havi ng an outsi de
wal | and si.des sealingly attached to the exterior of said second
cylindrical gaseous reactant injection chanber, having a tangential inlet
for receiving a high flowrate stream of a gaseous reactant containing
solid part lngfmciﬁg Gitanhdh dRAURI il PafR U, IBS BAESuS 1IRAGAMR RtrddBcoM dppatatisN2i d

pl enum chanber, said third annular plenum chanber also including a
tangential biewin 0 FIGS. HAeiseprofetodnist it@duding the bdled bRYIZANeath it &l f or
catching said solid particles contained in said gaseous reactant. 4c 26
January 2004eaBet é9.r The gaemstreadting irdrognctigsapphila@sRE shows imFIGH 1wand\§-Dfs sol i d
particle containing gaseous reactant injection apparatus according to this
i nvention, &stuseprabertaddior éntepducibg ithe highlycgonosive IhauREE tiginjun ¢etrecileride gas
cross-sectional view taken along line 2-2 of FIG 1. FIGURE 3 is a
cross-sect i &EeAM dptafargdcder 1% ong line 3-3 of FIG 2. FIGURE 4 is a

cross-sectional yiewtake long line 4-4 of FIG 1. FIGQJRE 5 i s a side
cross-sectional ¥*? QWI?%[%"’&H g‘ﬁg"ppi“ﬁ@sful-%a%]f the appargtus 1d, infrpgncg high How
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used fer ei N dadto R Prebdnodiof il paktidlck Bftried with the gaseous reactants.
As shown in FIGS. 1-4, the apparatus 12 is comprised of a cylindrical gaseous
reactant injection chamber 16 having an annular opening 17 around the periphery thereof
and flange 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
15 sealingly connected through the flange 22 and extends into the cylindrical injection
, chamber 16. The conduit 24 is positioned coaxially with the cylindrical injection
chamber 16 and a second conduit 26 (which is also sealingly connected through the
flange 22} is coaxially disposed around the conduit 24. An inlet flange 28 is connected
to the conduit 24 and a flanged inlét connection 30 is connected fo the conduit 26. As
20 indicated in FIG. 1, when the gaseous reactant introduction apparatus 12 is utilized with
a water cooled titanium dioxide production reactor, a source of auxiliary fuel, for
example, methane, propane or toluene, is connected to the inlet connection 30 of the
conduit 26, and a source of reactor scouring medium is connected to the inlet connection
28 of the conduit 24. The auxiliary fuel is utilized to provide additional heat and to

25 stabilize the oxidization reaction in the reactor 19. The fuel is oxidized to carbon dioxide

and water and the water formed promotes rutilization which improves the properties of



range of from11l.3 to 85 standard cubic neters (4’00 to 3000 standard cubic
feet or SCF) and higher per mnute . The apparatus of FIG 1, generally
designated by the nuneral 10, is conprised of a firsts jpaniiboaf gaseous
reactant introduction apparatus and a second form 14 of gaseous reactant
i ntroduction apparatus, both of which are suited for introducing high flow
Tates of gaseous reactants which may contain solid particles into a

tubul ar reactor 19 which can be of any guitable known reactor design,
including, without Ilimtation, those tHat are cooled with water or other
heat exchange nedium and those which are not cooled or are fornmed of a
porous nedium The apparatus. 12 and 14 can in a nore general context be
utilized for injecting any high flow rate gaseous reactant which does or
may contain solid particles into a tubular reactor. In apparatus for 26
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reactant introduction apparatus 12 shown in FIGS. 1-4 is preferred for
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reactant introduction apparatus 14 shown in FIGS. | and 5-7 is in turn
preferred fdhe reactopapparates torseovritijarliym clgoxidssirome theeetota waltsaofitherreactor. In
tetrachloride gas 5 streaminto the reactor 19. In operation, both the
appar at us 12hisgegardy@s s Sisgninm giokigle; is formead tnethp reghtor| some of thedianiamglicrddsu s
reactants whjch _ma [ into the tubular reactor 1

y contain_solid partjcle 9
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t ant i t h t d with [ . pl
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is conprised of a cylindrrc gaseous- Teac ] ec b $avi ng
an annul ar. QpgM ddfurd dREniRRK] fl ange connecti ons
18 and 20 conﬁde}%:dt%gla tot ep%or vvarlgﬁlgﬁ’ é%?%?‘fﬁ%é@%’é and 21 thereof,
respectively. A clRshiéidn chagBerlid diso BElba&NEshit & doblnd WaBoRKSs 3 afPndui t
24 is 15 sealingly connected through the flange 22 and ext'ends into the
cylintyical fongeting die wallkasthke injdtiod bieaniteRdIH 4dd2for, 8n BASIlAr IRAEGiG@3Z Al | y
with the cylindrical injection
disposed within the cylindrical gaseous reactant injection chamber 16 between the
annular opening 17 in the injection chamber and the forward end 19. The heat shield 35
can be welded to the conduit 26 and functions to shield the forward end portion of the
cylindrical gaseous reactant injection chamber 16 from the heat produced by the heated
15 gaseous reactant (heated oxygen) introduced through the annular opening 17. A deflector
37 is attached to the rearward end portion 39 of the conduit 26 for deflecting the flow of
the heated oxygen introduced into the injection chamber 16 by way of the opening 17
and for causing the heated oxygen to be uniformly distributed.
A first annular plenum chamber 36 is provided having an annular outside wall
20 38, a side 40 sealingly attached to the exterior of the gaseous reactant injection chamber
- 16 and an annular side outlet 42. As best shown in FIG. 4, the first annular plenum
chamber 36 also includes a tangential inlet 44 for receiving a high flow rate stream of
heated oxygen which may contain solid particles and causing the stream to swirl within
the plenum chamber 36.

25 A second annular plenum chamber 46 having an annular outside wall 47 and

sides 48 and 50 is also sealingly attached to the exterior of the injection chamber 16.



chanber 16 and a -second conduit 26 (which is also!sealingly connected

through the flange 22) is coaxially disposed around the conduit 24. An

inlet flange 28 is connected to the conduit 24 and azstafmn.@dgooal et

connection 30 is connected to the conduit 26. As 20 indicated in FIG 1,

when t he gaseous reactant introduction apparatus 12 is utilized with a

wat er cool ed titani um di oxi de production reactor,’ a source of auxiliary

fuel, for exanple, nethane, propane or_toluene, is connected to the inlet

connection 30 of the conduit 26, and a’source of reactor scouring medi um

is connected to the inlet connection 28 of the conduit 24. The auxiliary

fuel is utilized to provide additional heat and to 25 stabilize the

oxi di zation reaction in the reactor 19. The fuel is oxidized to carbon

di oxide and water and the water fornmed pronotes rutilization which

i nproves t helhersiqee(t ofothe edcodd plbatmachimBei04e & daehekith WY R R4l 88 Jrrmduced.

The reactor scouring nmedium which can be sand, rock salt, sintered

titani um di distdgenuno pmaes 86 andtﬂamsestnndiptmuﬂecmfnbéh% hickiles bf ahmjl@cdigd into

the reactor apparatus to scour titanium dioxide fromthe cooled walls of

t he reactor lﬂllréh52 which ceiagidesiwith shet dnaular sida outet di2afitibefiissplemmyebarber Be

reactor, som t he tltanl um di oxi de 5 deposits on the walls of the cool ed

portions of opa g thedrawiggs, éb%ﬁ%?ﬂélp erven phamben 6 hasen largendiametec tahdit by
geans Unl e ved, the titanjum di oxide wl]|

t t
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Thus, the ur| nedi t .he conth B y introduced into the
reactor. The i g%ecﬁ?ngﬁ%fﬁggﬁmi@e%% fREfiudes a pair of cooling water
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the cylindrical gaseous reactant injection chanber romthe

produbed by chimmbérelst athe Langasdeist fofraed By the(SiRA1E6F ﬁé%&ﬁﬂ&l plei Qa8

t hrough the annul ar opening 17. A deflector 37 is att ached to the rearward

end porti on46%ndfth¢ hemdarplatet5626 sealingtie hitahed ogert the ahhglw 6enitiche7 e &tiecd

oxygen introduced into the injection chanber 16 by way of the opening 17
injection chamber 16. Thus, the high flow rate of 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 lﬁger

15 second plenum chamber 46 and flowing out of the second plenum chamber 46 by way of
| J the annular slot 54 into the interior of the injection chamber 16, Because the heated
oxygen stream is first swirled within the smaller plenum 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

20 and then caused to flow along with the heated oxygen through the slot 54 into the
| interior of the injection chamber 16, so_that the solid particles are not trapped within the
plenum chambers 36 and 46. As is well understood by those skilled in the art, when

solid particles are trapped within a plenum chamber in which a high velocity gas stream

is swirled, the solid particles erode and cut through the material forming the plenum

25 chamber in a very short period of time. As shown best in FIG. 2, the outside wall 47 of



and for causing the heated oxygen to be uniformy distributed. A first
annul ar pl enum chanber 36 is provided having an annul ar outside wall 20
38, a side 40 sealingly attached to the exterior of t2elagasso@E4react ant
injection chanber 16 and an annul ar side outlet 42. As best shown in FIG
4, the first annul ar plenum chanber 36 al so includes a tangential inlet 44
for receiving a high flowrate stream of heated oxygen which nay contain
solid particles and causing the streamto swirl within the plenum chanber
36. 25 A second annul ar pl enum chanber 846 havi ng an annul ar outside wall 47
and sides 48 and 50 is also sealingly attached to the exterior of the

i njection chanber 16. 26 January 2004 7 The side: 50 of the second pl enum
chanber 46 is attached to the outside wall 38 of the first plenum chanber
36 and the second pl enum chanber 46 includes an annular side inlet 52

whi ch coi ncitbe Pleguirh chanebes rifu lisaslopsdi eutyiardlist tovardsf the heidef BB sto fakditatentbhanber
36. As shown in the draw ngs, the second plenum chanber 46 has a | arger

di amet er t hdneYementofithe solidpagiclaninin hasdet 546 and the second pl enum chanber
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pl enum chanber 36 is caused to swirl within the first plenum chanber 36

fol | oned by asuétetlitoghd intdrioe ehdpotion B9 cfahi® behdalteIBufinehmghe cadk thdHedibddWi ng
out of the second pl enum chanber 46 by way of the annular slot 54 into the

interior of oxjgen stjeamttode wifamblyrdid6butt emlimeutifoembyeidwe dhrouglgthe ceitecafn i s
first swrled wwthin the snmaller plenum chanber 36 and then expanded and
swirl HY in dreinjicion shambartdés thedtitanipim; tdtrachlaridel gas igtondugtioneabparatushet sid eam
are noved the reactor 19 thereby preventing incomplete mixing and erosion from taking place.

Thus, the process carried out in the apparatus 12 basically comprises the steps of

swirling the gaseous reactant to be introduced into the reactor 19 in the first annular

plenum chamber 36 followed by the second larger diameter annular plenum chamber 46.

15 The swirling gaseous reactant and solid particles carried therewith are introduced into

the reactor 19 by way of the radial slots 59 and the injection chamber 16. That is, the

gaseous réactant and solid particles flow through the radial slots 59 into the injection

chamber 16 and then into the reactor 19, and the solid particles are not trapped in the first

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

20 injection chamber 16 cause the gaseous : reactant and solid particles to flow into and

through the 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,

so preventing incomplete mixing and erosion therein. As mentioned, when the apparatus

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

25 introduced into the reactor 19 by way of the apparatus 12 is preferably preheated

oxygen, that is, oxygen preheated to a temperature in the range of from 540 degrees



by centrifugal force to the outside walls 38 and 47 of the plenum chanbers
36 and 46 20 and then caused to flow along with the heated oxygen through
the slot 54 into the interior of the injection chamdJabGaryszoodhat t he
solid particles are not trapped within the plenumchanbers 36 and 46. As
is well understood by those skilled in the art, when solid particles are
trapped within a pl enum chanber in which a high velocity gas stream is
swirled, the solid particles erode and cut through the material formng the
pl enum 25 chanber in a very short periog of time.: As shown best-in FIG 2,
the outside wall 47 of 26 January 2004 8 the plenum chanber 46 is sl oped
outwardly towards the side 48 to facilitate the inovenent of the solid
particles into the slot 54. As best shown in FIG 3, the annul ar slot 54
includes a plurality of spaced vanes 58 attached therein which forma

plurality of ¢agiab 98b algeRTeldilsE106PF 8 1500er P PRAIy #dm 850 fi’&g?eés@éﬁbs

slots 59 function to stop the heated oxygen st’?eamfrom swrling an

uni formy di s6p8tde@edshCeldibopyS00°R el $00%t)edn QANiEER atduRAafikd]l BYréfrably

particles carried therewith into and through the center of the injection
chanmber 16. Tineodiedd iaatthe irjettioathanteed 6taad tdretor N0 & ivaty ofilit q@akhit 06, 28 =0f

the conduit 26 functions to cause the heated oxygen streamto be uniformy
di stribut ed apehring mediftorfot seoltingvthenwallsgdf thi eactortie intokluddd intvethie ripjectiaron
chanber 16, the titanirumtetrachl oride gas introduction apparatus 14 and
the reattor Thambesrléiapd seastesdPibygvaymefche benduitxiAdsp, pathsivip shipride.raspiimaki ng

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

conpri ses t h&hlordpsr B ligjcan p gddeddo thesheated axyaen whpdyesd o itha readtorc Bhita nt o
the reactor 19 | he fi.rst l.ar. .enym chanber 36 followed by the
second | ar geFOB‘%‘@ﬁ’éﬁwléﬁﬁa?ﬁmgFgﬁwﬁf 4 B’POIAH%% 15 The swirl i n)g; gaseous
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The radial slots 59 and the deflector 37 disposed wthin the 20 injectio

chanber 16 caysfclidie a@abiRiHes] gesis adictaanthjeedbn Ghanitel 60 hawng @ fdrwawl éndtel and

and a rearward end 65 adapted to be sealingly connected to the upstream end of the

tubular reactor 19 by way of a conical connecting pipe section 23 (FIG. 1) and having an

annular opening 69 formed in chamber 60 at its periphery. As will be understood by

15 those skilled in the art, the apparatus 14 can be formed of various materials which have

a desired insulafing, corrosion resistant and other properties. In the form illustrated in the

“ drawing; for use in apparatus for producing titanium dioxide, the injection chamber 60 is

preferably comprised of a cylindrical wall member 63 formed of a heat insulating

refractory material, a cylindrical member 64 formed of corrosion resistant metal material

20_ - and a cylindrical member 66 formed of a corrosion resistant silicon carbide material.

The annular opening 69 is preferably angled towards the rearward end 65 of the injection

chamber 60 as shown in FIG. 5, and the annular opening 69 includes a plurality of

spaced vanes 68 (FIG. 6) disposed therein which form a plurality of radial slots 62

therein. The radial slots 62 and annular onening 69 are angled in order to prevent

25 oxygen from enfering them, the build up of oxides in the slots which can lead to

plugging and fo facilitate uniform distribution in the injection chamber 60. The vanes 68



t hrough the injection chanber 16 in a manner whereby the gaseous reactant
and solid particles uniformy flow through the centers of the injection
chamber 16 and reactor 19, so preventing inconplete 26 Jinugryaod4er osi on
.therein. As nmentioned, when the apparatus 12 is utilized in a process for
produci ng titani um di oxi de, the gaseous reactant 25 introduced into the
reactor 19 by way of the apparatus 12 is preferably preheated oxygen, that
is, oxygen preheated to a tenperaturd8in the range of from 540 degrees 26
January 2004 9 Cel sius to 980 degrees Cel sius (1000F to 1800F), preferably
from 830 degrees Celsius to 980 degrees Cel sius (1500F to 1800F). 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 nmedi um
for scouring the walls of the reactor is introduced into the injection 5
chanber 16 angmriredatgfalli fortied imheadylihdrivat mechbert 6624k, shalvadn thealrawsigsmAlso,
chloride, cesium chloride or the |like can be added to the heated oxygen

i ntroduced i ntvhert hexilimgdiieris 28ilived faroproviding: aditipmak hest as sleswibgd abpee, the
titani um di oxi de produced. Referring nowto FIGS. 1 and 5-7, the aBparatus

14 for i ntr odedindgeal wallgherbes @3, the pepegectipnyfels dis conicabeanaedting iRg ®4UeN £3ni um
tetrachl oride) which contains or may contain 10 lid particles inpto the
reactor 19 i s(BIf Dsandghetsactas1HEE: i}ﬂﬁlﬁﬁ i"ﬁtqflc_@?le‘g,a‘oﬁ %@%Bﬁ%?’ﬁvﬁg C{f]ﬁ‘age

For var d3end 6254 Gt & WERPRIPERGSBEVREDt od t o be sealingly connected to
the upstream end of, _the . tubul ar, reactarn 19 ! i ng
pihprerb secté3 ioont 23 (F‘f&&a.n&}lar 8“%\7?%??65556 hélﬁlﬁlglt%ro ofﬁ%ﬁé@gﬁ‘; g@h%ggﬁz
chamber at .| [ ry. < LN : ] in
the art, the %’5}8%?%?3519 %ﬁglrl\ e?ygklorsrre%ﬂgﬁﬂ%%}l%ﬁs rrgt er flgl gﬁﬂ%helséé}rl\ have

desired insul ﬁgsgﬁg,re&%& 1 ABn RSt B0t TRORPLPST the hei®ir hicPBen dhBmbkrer(f gr m
illustrated in the draw ngs for use in apparatus for producing titanium

di oxi de, the jjpddewith arsilidaaEa@idebriosionpeSitat akdtoriat I8l Seghskdt rAatexydli80disi cal
wal | nmenber 63 fornmed of a heat insulating refractory material, a

cyl i ndnipcal 6dewicen tie dobsi@nresisantanaterdal i78 had the watsale wall 2 ardlsid®8 7dnd a
cylindrical menper 66 formed of a corrosion resistant silicon carbide
material . ThendThuhsawilbpemidegtodd, insulgingfasd sbirgsiemrgsisdnt molarials of tgehmigugswar d

end 65 of the injection o
other than those described above can be utilized in the apparatus 14.

As best shown in FIG. 7, a tangential inlet 82 for receiving a high flow rate
stream of heated titanium tetrachloride gas which contains or may contain solid particles
15 is attached to the plenum chamber 70. The tangential inlet 82 causes the titanjum
tetrachloride gas stream to swirl within the plenum chamber 70. A tangential boot 84 is
formed in the plenum chamber 70 downstream from the tangential inlet 82 thereof for
catching solid particles carried with the titanium tetrachloride gas stream. The boot 84
includes a removable blind flange 85 for periodically removing solid particles from the
20 boot 84. Thus, the titanium tetrachloride gas stream containing solid particles is swirled
| within the plenum chamber 70, the solid particles are caught in the boot 84 and the
resulting sﬁbsiantially solid particle free titanium tetrachloride stream flows into the

injection chamber 60 by way of the radial slots 62 and opening 69.
As best shown in FIG. 7, a conduit 86 can optionally be attached within the
25 plenum chamber 70 which has one end 88 extending into the boot 84 and a second end

90 extending into a radial slot 62. The gas pressure differential between the boot 84 and



chanber 60 as shown in FIG 5, and the annul ar opening 69 includes a
plurality of spaced vanes 68 (FIG 6) disposed therein which forma
plurality of radial slots 62 therein. The radial sl dsl#hdagrrpoannul ar
opening 69 are angled in order to prevent 25 oxygen fromentering them the
build up of oxides in the slots which can lead to plugging and to
facilitate uniformdistribution in the injection chanber 60. The vanes 68
26 January 2004 10 can be integrally figrmed in the cylindrical nenber 66 as
shown in the drawings. Al so, when auxiliary fuel is utilized for providing
addi ti onal heat as descri bed above, the cylindrical wall nenber 63, the

pi pe section 67, the conical connecting pipe section 23 (FIG 1) and the
reactor 19 (FIG 1) are all water cooled (not shown) to prevent danage 5
as a result of the high tenperatures involved. An annul ar pl enum chanber 70
havi ng an outhsirddialwelod 627Gusescsobid gesicied camght 6 thef tmon8d tobe swomtaddneswith aas
steel is sealingly attached to the exterior of the cylindrical gaseous
react ant i nj BeippRf teditaniym eurachiped¢ gasetrieam tiobugththe annduits86 intocthe Mjedtianber
70 is lined with 2 si|icon carbide corrosion resistant material 78 and a
gasket mat er Fhambsp69 an e ragtepdd bet ween the corrosion resistant material

78 and the outside, wall 72 an tdes 74  and 76. As w || be understood,
i nsul ati ng and coﬁl%g?aﬁ IS g§ gﬁ?“ﬁﬂt”éﬂi"'{ﬁ’é‘“’@? slobeh whishderm gheryadial slais

th i b ti,lized in th t 14. As b h i
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particles carried with the titaniumtetrachloride gas stream The boot 84

includes a renovabhe, tikiprutets canipd 3bif the apRiitesi Codstcilly esmMiRds®Rlingdthe
particles fromthe 20 boot 84. Thus, the titaniumtetrachloride gas stream

cont ailfli ng sgdstebispeactarg| that ingy switalnedr pivktuy solich paitlen timtkd andiger Flnuh he
solid particles are caught in the boot 84 and the resulting substantially
sol i d parti cthanberdl tyhighinghdes s baehfd forientding fm folidvmrtiatiso Theeresulting
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 periodically manually withdrawn can be withdrawn
15 continuously by the conduit 86 and caused to flow into a slot 62. As mentioned above,
i the plurality of radial slots 62 function to cause the gaseous reactant and solid particles
(if any) t6 be uniformly distributed in the injection chamber 60 and align the flow of the
gaseous reactant and solid particles through the center of the injection chamber 60.
As also mentioned, when the apparatus 14 is utilized in a process for producing
20 titanium dioxide, the gaseous reactant introduced into the reactor 19 by the apparatus 14
' is preferably titanium tetrachloride gas, that is, titanium tetrachloride gas preheated to a
temperature in the range of from 175 degrees Celsius to 980 degrees Celsius (350°F to
1800°F), preferably from 400 degrees Celsius to 590 degrees Celsius (750°F to
1100°F). As will be understood, aluminum chloride can be added to the heated titanium

25 tetrachloride to enhance rutilization of the produced titanium dioxide and make it more

durable.



i njection chanber 60 by way of the radi.al slots 62 and opening 69. As best
showmn in FIG 7, a conduit 86 can optionally be attached wthin the 25

pl enum chanber 70 whi ch has one end 88 extending int®@ghmubaga200d4 and a
second end 90 extending into a radial slot 62. The gas pressure
differential between the boot 84 and 26 January 2004 11 the radial slot 62
causes solid particles caught in the boot 84 to be swept along with a
portion of the titaniumtetrachloride gas streamthrough the conduit 86
into the injection chanber 60 and thé2reactor 19. The spaced vanes 68

di sposed in the annular slot 69 which formthe radial slots 5 62 cause the
"titaniumtetrachloride gas streamto slow or stop swirling and to be
uniformy distributed in the injection chanber 60 in a nmanner such that the
gas stream and solid particles (if any) flow through the center of the

i njection chanber Pgk S8uctiof 3 tithiuh? didxielifithe AMBIRLTcaBIOL Y8 I donbrallp eiviRlet €
m xi ng and erosi on. us, the process carried out in the apparatus 14

basi cal | y congitiate$reswir bf adeish6.14 My/sqageeus (gage) @nisid) had arenipaaniadfator
pick up solid particles in the annular plenum .chanber 70 which includes a
boot 84 for cleasthRehddgnees Celsing (R200°FE| Akso, thh eempsatines nithe upsehaant itddniiym
solid particle free swirling gaseous reactant flows into the injection
chanber 60 bytetaghlasidet strsams direa koriodled se2thain the aampérature pé thengorapositFisgearn| i d
particles caught in the boot 84 can be periodically manually w thdrawn can

be wi t hdr awn borggreqtiende dn yhoiange of demp 48P dpgregnd S0t | VR degressa
slot 62. As tione ve, the plurali of radial slots 62 funciion to
cause the garsré ﬁ‘gsredgs(g’ 2 aﬁ@f"srﬁl}']‘?d Par la‘t’ tes75({i fdeé 5 t@elﬁﬁs ur(ll‘%jr ﬁ?'y
distributed in the injection chanber 60 and align the flow of the gaseous
reactant and solid particles through the center of the injection chanber
60. As al so nentioned, when the apparatus 14 is utilized in a process for
produci ng 20 titanium di oxide, the gaseous reactant introduced into the
reactor 19 by the apparatus 14 is preferably titaniumtetrachloride gas,
that is, titaniumtetrachl oride gas preheated to a tenperature in the

range of from 175 degrees Cel sius to 980 degrees Celsius (350F to- 1800F),
preferably from 400 degrees Celsius to 590 degrees Cel sius (750F to



1100F). As wll be Understood, al umi num chl ori de 'can be added to the: heated

titanium 25 tetrachloride to enhance rutilization of the produced titanium
di oxide and make it nore durable. 26 January 2004 1226lkemupryiogti on of
titaniumdioxide in the tubular reactor 19 is generally carried out at a
pressure of at least 0.14 kg/square cm (gauge) (2 psig) and a tenperature
of at |east 1200 degrees Cel sius (2200F). Also, .the tenperatures of the
oxygen and titanium tetrachloride streans are controlled so that the
tenperature of the conposite stream 5 before reaction is in the range of
from 480 degrees Cel sius (900F) to 9 degrees Celsius (1800F), preferably
is about 790 degrees Celsius (1450F). 26 January 2004 13 1. An inproved
apparatus for introducing a high flowrate of a gaseous reactant 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 upstream end of
said 5 tubular reactor and havi ng an annul ar openi ng around the periphery
t hereof; a first annul ar pl enum chanber having-an outside wall and at | east
one side sealingly attached to the exterior of said gaseous reactant

i njection chanber, said first plenum chanber having an annul ar side outl et

and having a tangential inl et?({]or recgi Vi ng, a. hi ﬂ{ghl w rate stream of
sai d gaseous readtant ‘b HRBONEH FPRAFANS C}SdPF&B'}CH@ % ﬁ Wil Yt &P%E S ai d
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sealingly attached to t@m%%ﬁg%éus l%ctﬁﬁ'iﬂe&%ﬁ%ﬂ%Péff‘%ﬁ‘%%wM%MM-

chanmber, said second 61 num I ‘having-an annu e inlet sealingly

attached to saidjanahaly sidsiapi 6 be Qatilyflcdinbsitd B @RUPstreben eltBbGId 20
5 tﬁbular reactor and having an anmilar opening around the periphery thereof;

a first annular plenum chamber having an outside wall and at least one
side sealingly attached to the exterior of said gaseous reactant injection chamber, said
first plenum chamber having an annular side outlet and having a tangential inlet for
receiving a high flow rate stream of said gaseous reactant containing solid particles and

10 for.causing said stream to swirl therein;

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
of said gaseous reactant injection chamber, said second plenum chamber having an
annular side inlet sealingly attached to said annular side outlet of said first plenum

15 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 gaseous reactant injection chgmber
and extending to near the outside wall of said second plenum chamber; and

20 a plurality of spaced vanes attached within said annular slot to thereby

form two or more radial slots therein.



an annul ar slot fornmed within said second pl enum chanber adjacent to the
side thereof opposite fromsaid annular side inlet thereof, said annul ar
slot being sealingly attached over said annul ar operiewgnuansaod gaseous
reactant injection chanber and extending to near the outside wall of said
second pl enum chanber; and a plurality of spaced vanes attached within said
annular slot to thereby formtwo or nore radial slots therein. 26 January
2004 14 2. The apparatus of claim1l mgi h further conprises a gaseous
reactant deflector disposed within s cylindrical gaseous reactant
i njection chanmber_ for aligning and distributing said gaseous. reactant
therein whereby it flows through the center of said tubular reactor. 5.3.
The apparatus of claim2 which further conprises a first conduit sealingly
extending into said cy|lindrical gaseous reactant injection chanber and
posi ti oned coaxially t W8 SRPEAUS Of chimcharhighn Girther coraprises scgaseousgrenaatitum
conprises a second

therein. 10 4..The .apparatys of claim3 which further L
condui t seaﬂ?%eﬁp);; d&E&é’ﬂ&Pﬁ& §ait eyliadnenl ggsepwireaciant igjention ghambes foratigning
injection chgt . itioned coaxially therewth and with said first
condui t Tor HegraPe AR A FoRAE e el 1 flavs trovs thp penisrossad
claim4 whi c{qlbw]a;g&[)r conprises at |east one cooling water jacket
sealingly attached. to the exterior of said cylindrical gaseous reactant

i nj ectison chanber. 6. The apparatus of claim5 which further conprises a
heat shield disposed 20 in said cylindrical gaseous reactant injection

chanber. between sai 4 T Bra @S UMelakii®s YiJFRa! (ibh@00d, PRV Ene

thereof. 7. An inproved apparatus for introducing a owrate o

gaseous r eashlingly whxitaidinpohitei fagd QIR daReowS| lefbtRA fjecki6s dnafnBed ahibul ar
reactor conprising: 26 January 2004
positioned coaxially therewith for discharging a reactor scouring medium therein.

10 4. The apparatus of claim 3 which further comprises a second conduit
sealingly extending into said cylindrical gaseous reactant injection chamber and

positioned coaxially therewith and with said first conduit for discharging auxiliary fuel

therein.

15 5. The apparatus of claim 4 which further comprises at least one cooling

water jacket sealingly attached to the exterior of said cylindrical gaseous reactant

injection chamber.

6. The apparatus of claim 5 which further comprises a heat shield disposed
20 in said cylindrical gaseous reactant injection chamber between said annular obening

therein and said closed forward end thereof.

7. An improved apparatus for introducing a high flow rate of a gaseous

reactant which contains or picks up solid particles into a tubular reactor comprising:



15 a cylindrical gaseous reactant injection chanber having a forward end
and a rearward end adapted to be sealingly connected to the upstream end of.
said tubular reactor and having an annul ar openi ng fay J@fafyoai n around

t he periphery thereof, said annular opening having a plurality of spaced
vanes di sposed therein to thereby formtwo 5 or nore radial slots therein;
and an annul ar pl enum chanber having an outside wall and sides sealingly
attached to the exterior of said cylindrical gaseous reactant injection
chanber over said annular opening, having a tangential inlet for receiving
a high flowrate streamof said gasedis reactant containing solid -
particles and for causing said gaseous reactant to swirl 10 in said plenum
chanber, said annul ar pl enum chanber al so including a tangential boot
formed therein downstreamfromsaid tangential inlet for catching said
solid particles containgfindricab 2hdotiPRaSEH ReGdAMamtBr hdlifg aAPPawaH Whdof
claim?7 which further conprises a conduit attached 15 within said plenum
chanber havi Rgd 8 a@read ead heuptidie bk Balinglgicnivert e thd upktesant didrofesid tebdlandi ng
into one of said radial slots in said cylindrical gaseous reactant

i nj ecti on chagdomit an® havitiearnpmaltad bpenigf focmed theinvroadkl the pefiygherciemof, seid an
internal liner 20 forned of corrosion resistant material disposed in said
annul ar pl enamwiropering havng Tipbiraljsp af staosl vhesdispasedtharedy i thersby raviwal ar
opening in said cylindrical _gaseous reactant injection chanber and said
radi al sl ot s of somediehdeisthereineandngl ed towards said rearward end thereof .

26 January 2004 16 11. An inproved appayatus. for introdugin i gh £l ow
rates of gaseous reac@&r??&u%P]EPl‘”E&ﬁ%‘H‘;% Wnﬁi@ko%‘iesﬁ'ﬁ &ngéwﬁ’?é?aé’gg'iynto a

Chanber o e Bie e oftd ERlnaE S ReaP BRERo SRR g B ' "
annul ar Openiaplgulgrr gp%nm%gf Ha?vh?geﬁ 'ta%@gl{t%l ixgettf&efegat/ihg a high flow rate stream of said
gaseous reactant containing solid particles and for causing said gaseous reactant to swirl
10 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.

8. The apparatus of claim 7 which further comprises a conduit attached
15 within said plenum chamber having one end extending into said boot and the other end

o extending into one of said radial slots in said cylindrical gaseous reactant injection

chamber.
9. The apparatus of claim 8 which further comprises an internal liner
20 formed of corrosion resistant material disposed in said annular plenum chamber.

10.  The apparatus of claim 8 wherein said annular opening in said cylindrical
gaseous reactant injection chamber and said radial slots formed therein are angled

towards said rearward end thereof.



a first annul ar plenum chanber having an outside wall and at |east one
side sealingly attached to the exterior of said first cylindrical gaseous
reactant injection chanber, said first plenum chanbe26 JemvaryRopd annul ar
side outlet and having a tangential inlet for receiving a high flowrate
stream of a gaseous reactant containing 10 solid particles and for causing
said streamto swirl therein; a second annul ar plenum chanber having an
outside wall and sides and having a larger dianeter than said first plenum
chanber sealingly attached to the exterior of said first cylindrical
gaseous reactant injection chanber, sdid second pl enum chanber having an
annul ar side inlet sealingly attached to said annular side outlet of said
first 15 plenum chanber; an annular slot formed within said second pl enum
chanber adjacent to the side thereof opposite fromsaid annular side inlet
thereof, said annbli-ar Anompseiedgappseasisi iyl iptraducinc dighoflew atgsd ofigasdous
opening in said first cylindrical gaseous reactant _injection c¢chanber and
ext endi ng t oCREHS Wﬁ'@hﬁ%‘?télﬂ(?ép\ﬁglup spid pagfiglesiptomibplpeicacior. compisitgier . a
plurality of spaced van att.ached within said.annular slot to thereb
formtwo or nore radiat %iﬁtd‘?’ é“‘%ﬁ@f ERIFOUS, reAE AR Y PR ﬁh"f“f‘ Al haﬁ&@e%&ioseg
reactant inj i e in ward _end sealingl onnect.ed to

sai d rearmr%%éﬁg%ggqg‘ggok?@g e‘g%/??({nggr%@aﬁg %u%pepjéﬁgatréﬂﬁ SHPRIEEL i on

chanbeg and gekf@rward end connected to the upstreamend of said tubular 26
January 2004 17 feactor and having an annul ar slot formed therein around

the periphery thereof,, §at Gnndd Pleiitin éﬁﬂbehmiﬁgaﬂomsgfe%m ?(ncpéfat 1@%@%&@'
ial s e

vanes di sposed therein to thereby formtwo or nbre ra ots thereln;

and a third sdesehliiglpbedhed e eeketeribayi Be ARt euindida saddus dMtati HRStio?
sealingly attached to the exterior of said second cylindrical gaseous
reactant i njahatiben sath firdeplenunaihagber havige rini adnuilaal sitle fonflerr @ed@indiing & hi gh
flowrate stream of a gaseous reactant containing solid particles and for
causi ng sai daagepbauslet éaoreriving @ high flowi ratesstiedm of a gaseous reactant containing
10 solid particles and for causing said stream to swirl therein;
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
of said first cylindrical gaseous reactant injection chamber, said second plenum chamber
having an annular side inlet sealingly attached to said annular side outlet of said first
15 plenum chamber;
oy 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 first cylindrical gaseous reactant
injection chamber and extending to near the outside wall of said second plenum
20 chamber;
a plurality of spaced vanes attached within said annular slot to thereby
form two or more radial slots therein;
a second cylindrical gaseous reactant injection chamber having a forward

end sealingly connected to said rearward end of said first cylindrical gaseous reactant

25 injection chamber and a rearward end connected to the upstream end of said tubular



pl enum chanber, said third annul ar pl enum chanber| al so i ncluding a
tangential boot forned therein downstreamfrom said tangential inlet for
catching said solid particles 10 contained in said (s&Emusryw2fdt ant. 26
January 2004 -i8 Abstract of the Disclosure The present invention provides
novel and inproved apparatus for reacting high flowrates of one or nore
‘gaseous reactants in tubular reactors. The inproved apparatus allow such
reactions to be carried out with a | ow pressure drop across the reactor
and wi thout excessive erosion due to sd¥id particles carried with or

pi cked up by the gaseous reactants.

reactor and having an annular slot formed therein around the periphery thereof, said
annular slot having a plurality of spaced vanes disposed therein to thereby form two or
more radial slots therein; and |
a third annular plenum chamber having an outside wall and sides
5 sealingly attachéd to the exterior of said second cylindrical gaseous reactant injection
chamber, having a tangential inlet for receiving a high flow rate stream of a gaseous
reactant containing solid particles and for causing said gaseous reactant to swirl in said
plenum chamber, said third annular plenum chamber also including a tangential boot
formed therein downstream from said tangential inlet for catching said solid particles

10 contained in said gaseous reactant.





