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TETRACHLORI DE | NLET (57) Abstract: The present invention provides inproved
processes and apparatus (12,14) for reacting high fl o2 Jatuasy 2j04one or nore
gaseous reactants in tubular reactors (19). The inproved 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
react ant which may contain or pick up solid particles in a first annual ar
pl enum chanber (36) followed by a second | arger dianeter annular plenum
chanber (46) and then introducing the gaseous reactant and solid particles
into a reactor (19) by way of two or nore radial slots (59) whereby said
gaseous reactant and,solid particles are caused to flowinto said reactor
(19) and are uniformy distributed therein. WD 01/07366 Al For two-letter
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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



GASEQUS REACTANTS CONTAI NI NG SOLI D PARTI CLES 5 ‘The present invention

rel ates to processes and apparatus for reacting high flow rates of gaseous
reactants containing particulate solids in tubular remcisusry 2004 nore
particularly, to reacting high flow rates of oxygen and titanium
tetrachl ori de gas which can contain or pick up particulate solid

contam nants in a tubular reactor at high 10 tenperature to produce
titaniumdioxide. In reactions carried out in tubular reactors where high
flow rates of gaseous reactants are impected into the reactors, problens
can occur with inconplete mxing and wth severe erosion of the side walls
of the reactor due to the presence of particulate solid contam nants in
the reactants. The inconplete m xing can cause | ess than desirable 15
reaction results and the erosion causes contam nation of the products with
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solid contam nants which inpinge on the surfaces of the reactor. Suc
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passage of the gas streanms through process equi pnent and piping upstream
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sotid scale, solid particles fromfluidized beds, particul ate welding slag
and 26 Januaiegcton @uto 20x%yigen |ar kigtaningns tetraghlpadet imtrdduttions eppagates; ofor i exgmpbi um
such as sand is often introduced into
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.



the reactor to scour titani um di oxide deposits fromthe walls of the
reactor. The scouring nediumoccasionally finds its way into various
upstream parts of the reactor and sone of the nedi un2é SarphgkE®d4up and
carried by the gaseous reactant streans. For exanple, if 5 the scouring
mediumis being introduced into the reactor apparatus when the flow of
oxygen or titaniumtetrachloride is shut down, the scouring nediumcan flow
out of the reactor into oxygen or titaniumtetrachloride introduction
apparatus, for exanple, plenum chanbers, connected to the reactor. In
attenpts to solve the problens nmentioned 3bove, |arge pl enum chanbers have
10 been used upstreamof the injection into the reactor of gaseous
reactants through small gaps, so that contami nants are trapped in the

| arge pl enum chanbers. The use of these snall gaps to contain the
particul ate contam nants results in high pressure drops which bring about
good m xi ng.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.ﬁgth Iqw%%ﬁgaseous reactant pressure drops, the gaseous

reactants have al s6 Heeh QN £ongems noxel apparatus fargeastiag p highdflavaratgdfenum
chanbers whi L i round two or nor.e slots through whjch the
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gaseous reactant (or reactants) ich can contain or pick up so
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a gaseous reactant to be injected is
particles are carried with the gaseous reactant through the 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



swirled in a first annul ar plenum chanber followed by a second |-arger

di aneter annul ar plenum chanber. The swirling gaseous reactant is then
introduced into the reactor by way of two or nore rah snusty@f4at the

outl et of the second pl enum chanber, so that solid particles are carried
wi th the gaseous reactant through the center of the reactor and are 10. not
trapped in the first or second plenum chanbers. In the production of
titanium dioxide, the above described #irst enbodinment is especially
suited for injecting high flow rates of heated oxygen into the reactor. In
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solid particles is swirled in an annular plenum chanber including a boot
f or ceirahicmg tittmum8rashblondeparticl es. The resulting substantially
solid-particle-free gaseous reactant is introduced into the tubular reactor

by way of t or nmore.radial .slots. A condui.t is .optiqgnally-provided in
Che" ol enum ChasePoR e Rtishy r<Blite nl R e imgptcpd PR ABE R BBOMIRE R one
of t hghighalow Mhesfabyastdis rgRfanpBhWostattsio pIcRBUp ablidpirMEledintd g nibwnlr and t he
sl ot causes the solid particles caught in the boot to be swept through the

cond #PACtArEOBPIREE20 reactor. The radial slots are preferably slanted in the
downstreamdirection to facilitate the uniformdistribution and alignnent

of the flow_of,the gaseous reactant.and soli.d .part.icl if a t hr ough
the center &F %ﬂcﬁgg%steg?s, ‘e%‘ﬁ%f%s“@e%‘é’& cg‘arlnﬁﬁro}%fr%taedﬂ%egﬁﬁa‘gaé%ancpéado%i on at
t he pedrivahieend ddbpfel € bEaGLNElY chihdelRe PItBcssticon «pfl of kdia RibwardeRxdrdad this
second _ enbodinent is especially suited for injecting high flow rates of
heat davinERARNIHRDS e aseuddke periphsnotherselir eact or, so that in this context,
a particularly preferred apparatus 26 January 2004 4 will use both of the
first enmbodi ment (for introducing oxygen) and the second enbodi nent (for
i nt roduci gkt ananlav pleheimrchainbarhiating anloutgideewald petit ledshenqdidssatinglpvent i on
id [ d t f i nt [
Pr OVI_att%?:h toI tma) er:)?tgr?or o%ggi%rg%se%%s re%i:tailtn in}e%gglg ::l?a?nber,. 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 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 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



particles into a tubular reactor conprising: a cylindrical gaseous
reactant injection chanber having a closed forward enzb siag 200aar war d end
adapted to be sealingly connected to the upstream end of said tubular
reactor and having an annul ar opening around the periphery thereof; 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 injection
chamber,. said first plenumchanber haffng an annul ar side outlet and
haviq&wﬁncgggggggjal inlet for receiving a high flowrate stream of said
gaseous reactant “containing solid particles and for causing said streamto
swirl therein; a second annul ar plenum chanber having an outside wall and
sides and havjng a |larger dianmeter than sajd fjrst plenum chanber

seal i ngl § CHLEUERLERSPRS TS A IUFTIR <BmEsiia BESdOTEr Padahearveaant on
chamgsneSa) b @ﬁ%@wc&{r@&um&m@rﬁpﬁfeah@éﬂdrw s34 @M REctSi 4R Hatmtanseal i ngly
attached to said annular side outlet of said first plenum chanber; an

annulaanulgt ereningrfpaeddhetsinargandithe peapherp theroin seldanpbular apgaeevinga t he si de
thereof ,.opposite from sai nnul.ar, si.de.inl et thereof ai d, annul ar sl ot
bt ng ety R RFeE v el MBI PARP IniiCionP 1S oh G el SRl e pd
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
annul ar sngmngler pleayna shambgrhaying agouistdeavall and sidesspadingly ftachedito they anot her

aspe ; ! ' Vil fles IR ' .
Tt ageh gt BBk SERbPRaBlith R haERE SYE R ORRNE et o o i cks
up sdhavidgpasigdeatislSnlenfod raeividyd bigh 2o wlattreym20Q4id pasdoamedaotanconpri si ng: a
cylindrical gaseous reagtant i.nj ection chanber having a]Iormard end and a
r ear waR@maRgsohd particles and for causing said gaseous reactant to swirl n 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.

In yet another aspect, the present invention 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



adapted to be sealingly connected to the upstream end of said tubular
reactor and having an annul ar opening forned therein around the periphery
t hereof, said annular opening having a plurality of Zp&rednnvaiods di sposed
therein to thereby formtwo 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
annul ar opening, having a tangential inlet for receiving a high flow rate
stream of said gaseous reactant cdbtaining solid particles and for causing

said seous reactant to.swirl .in, said,plen champer sai-d_annul ar pl enum
c hanis R RED et EAR At SBoln shembte i Bo R AU Bloer Bk AT Bt D

sai d si@ngienédabhgly att@dhell @ sid bl iGideduileSof dafll MRf plegbrATh&abérai ned in said
gaseous reactant. In yet another aspect, the present invention provides an

i nproved apparatus for introducing high flow rates of gaseous reactants
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conpri si ng: cyl'indrical 'gaseous reactant 1njection chamber having a
cl osegpdate\ieond sed dnaiar side inkea theasod, saitbarmnthr Bt beigg acalmplydtmchaiomer sad ar ound

the periphery. thereqf; a first annular plenum chanber havjn 1 out si de
val | AERRIEIPHnEdp SHAAIT CHLH%%‘ BHGPYS re tf"&dﬁlﬁat“%‘b‘r’llgﬁtb%%cle‘?’g@%? ©sai d
firsthegyhl BEGIEH AIFISRUSARANLARM chddiRe! | on chamber, said first plenum

chanmber having an annul ar side outlet and having a tangential inlet for
receiving a high flowrate stream of a gaseous reactant containing solid

particles_and for causing sai tream t SW T herein;,. a second annul ar
P enum CRRITRRI REPRRG oo Urished Wi S apntfs st by Fekhy forfe 87 e
di aneifsl dfdthedsh:d first plenum chanber sealingly attached to the exterior

of said first 26 January 2004 4b cylindrical gaseous reactant injection
chanber, said second pl enum chanber having an annular side inlet sealingly

attached atsgcoiaicglimléi gz(segllsq%a&ﬁt lil‘iajgctpofn c%%fn%elt fla[v%g 2 {'O%HH? éi‘llaas%%{gly

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.



an annul ar slot formed within said second pl enum chanber adjacent to the
side thereof opposite fromsaid annular side inlet thereof, said annul ar

sl ot being sealingly attached over saigl, annul ar opentépnuaryszood fir st
cylindrical gaseous reactant injection chanber and extending to near the

out si de wal | of sg%%esecond (Pl enum_chanber; a plurality of spaced vanes
attached within sat?FHRaRe¥ 0 be drawiges, hereby formtwo or nore radial slots

therein; a second ﬁﬁyjcbh@%i.cahp aseous {igact,ant i nj_ection chanber having a
forward end sealingly  cofimdPelcY PLsatid padisle gontpining gateousiecdcthit imjection
cylindrical g?ﬁﬁ&@a&géﬁ%ﬁ%# 'gcti on chanmber and a rearward end
connected to e upstream end o 20,123 CAR: odubar repgiomavi ng an annul ar
sl ot forned ther (¥UREULY iR RELL D .t hereof,, said_annul ar slot having
a plurality of spaced vanes gﬁgoggéﬁgﬁ%é?ee"fﬁi‘?‘b@% r2o6FHtlo or nore
radi al slots therqs[@nmgrgqsacﬁ}gg_g‘g,ﬁgm%ﬁgm%lfag%ﬁ&g#{‘g%rgpgi\geng an out si de

wal | and sides sealingly attached to exte cond

cylindrical gaseoBIGUREiaAtrosabeGbhAVichARIEond N 19 o prj0cnt @l i nl et
for receiving a high flow rate stream of a gaseous reac gn' ¢ont ai ni ng

solid particles aFWGURB5 isanﬂén@%ﬁoﬂoﬂﬂ&%ké@ﬁ&ﬁ?ﬁ{c 5—90F¥‘f I in said
pl enum chanber, said third annul ar plenum chanber also including a -
tangential boot fBIGHRE Stien cioss-stotios vieantakdntulomdtind 6-5 aPpRAts 2l i nlet for
catching said soljd particles contained in said gaseous reactant. 4c 26
January 2004 Ref ehq‘%‘?ﬁé%@?‘@s%mﬁmwemkenﬁlﬁgﬂﬁeﬂf?SfBIG.gD view of solid
particle containi aseous reactant injection apparatus according to this
i nvention, as conﬁ oy tg Kbyl throyshfrofithe dRWBRE Brefared appatams of the

cross-sectio yinggvn toakeﬂl al on fI i.ne 2-2 . of FIG 1. FIGQURE 3 is a
cross- sect i onar "SR fllustraler for injectime Jiigh figw @atepof hefitedigRFeeh am leated

cross-secti ofahiud EMHRIGAD i L%r}gblldzi:lrnz%uéltbrél fo?fmallzclin% tit%ixium dioxide according to a
well-known process. The term "high flow rates” is used herein to mean flow rates in the
range of from 11.3 to 85 standard cubic metecs (400 to 3000 standard cubic feet or SCF)
and highér per minute .

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



‘FIGURE 5 is a side cross-sectional view taken along Iine 5-5 of FIG 1.
FIGURE 6 is a cross-sectional view taken along line 6-6 of FIG 5. FIGURE
7 is a cross-sectional view taken along line 7-7 of FeQJarbaryRfoarri ng now
to FIGS. 1 through 6 of the drawi ngs, a preferred apparatus of the present
invention is illustrated for injecting high flow rates of heated oxygen and
heated titaniumtetrachloride into a tubular reactor for making titanium
di oxi de according to a well-known proéess. The term"high flow rates" is
used herein to nmean flowrates in the range of from11.3 to 85 standard
cubic neters (400 to 3000 standard cubic feet or SCF) and higher per

m nute . The apparatus of FIG 1, generally designated by the nuneral 10,
is conprised of a first form 12 of gaseous reactant introduction apparatus
and a second form 14 of gaseous reactant introduction apparatus, both of

which are swpiddaging faniird QioRHeGh partiRUBR thé SWeb ! Rctl iSARAOIH dpAahaANDS

whi ch may contain solid particles into a tubular reactor 19 i ch can be
of any suit ghdven kD @IBSr baCisoprefiasd dos intfodlicitly Mg hwdtéd okgen! ddhhaibicothe t hose
that are cooled with water or other heat exchange nedium and those. which
are not cookedtooi9ailbe fareoesdeadtard ipmdoctiomapganatus 1% shoap paFEISId .and 3-Aizd 14
can in a nore general context be utilized for injecting any high flowrate
gaseous readt b prafgrraghiod enrpdueingnilie bighlyadontosivt ihdatpd titangine tetiachloride gasbul ar
reactor. In apparatus:for 26 January 2004 5 producing titaniumdioxide in
parti Gul ar, S dute readterd ant i ntroduction apparatus 12 shown in FI GS.

1-4 is preferred_for introdycing the heated oxygen streaminto the reactor
19. The gaseous %Qﬁﬁmm%ﬁﬂ?@&?@ﬁ“aﬂ‘sa@pﬁﬁa FPpaFralf didriniradyer digh flowng 5.7
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with low pressure drops, with uniform distribution and good mixing of the gaseous
reactant streams in the reactor and without excessive plenum chamber or reactor erosion

10 due to the presence of solid particles carried 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 f6 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



In operation, both the apparatus 12 and the appaﬁatus 14 i-ntroduce high
flow rates of gaseous reactants which nay contain solid particles into the
tubul ar reactor 19 wth |ow pressure drops, w th unifgsanughsiogybution and
good m xi ng of the gaseous reactant streans in the reactor ‘and w t hout
excessi ve pl enum chanber or reactor erosion 10 due to the presence of
'solid particles carried with the gaseous reactants. As shown in FIGS. 1-4,
the apparatus 12 is conprised of a cyligdrical gaseous reactant injection
chanmber 16 having an annul ar opening 17"around the periphery thereof and

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 15 sealingly connected through the flange 22 and
extends into the cylindrical injection chanber 16. The conduit 24 is

posi tioned ahéKiadiunydiokids pdiRicel/ | Tifeh&tad schiii@e nkbMamS hidhedan 18 sandl racksecond
conduit 26 (which is also sealingly connected through the flange 22) is
coaxi al | y disalyoSmtcred rtitaniain tdivexide) nolupress2d titadium dioxidef drathg ke 8s ifect@hinect ed
to the conduit 24 and a flanged inlet connection 30 is connected to the
conduit 26. thgreagor aptiasaiissie scourRitaiur diosidenfror dhgemdaluwaltsesfahardactor. In
introduction apparatus 12 is utilized with a water cool ed titani um di oxide
product i on rtBiseegsrd, anthedilgnium gioxideds farmed it the reactoprsomeod thsl tisanipmtdionids
propang or toluene, js'C nnfééed é& the inl et connection 30 of the conduit
26, aml a sdPeison the @ty pt g sapked gorions ohite Jeackintos caamplg, the partaf dhe

connection 28 of t conduit 24 The auxil.iary fue] is . utjlized.fo ovi de
addi tional HEXd 8peﬁob5§§’a€ef EbiAe A ‘Eﬁsz%?‘%‘ﬁi F%%EPPB’H‘ éﬁ’x{ e™eact or
19! The fuel | Lidi 0, n_dmoxi de. an ter.and the er fornmed
pr onot es ?ut@bﬁ%@ﬁlgh&@ﬁi@hm%?%rggm ﬁa‘ 5?‘83@‘?*% ?‘%scogpnéé’r%cgﬁﬁ]a S8 6
the ti tamu%g}‘?@@f\%@{e}r E6confiRSousR At QucSFaty PR dI um  which can be

sand, rock salf ered titani um di oxide, conpressed titani um di oxi de or
the like, is injerdeaeétiinthamber 16 also includes a pair of cooling water jackets 32 and 34

e

10 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 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.



the reactor apparatus to scour titaniumdioxide ffomthe cooled walls of
the reactor. In this regard, as the titaniumdioxide is formed in the
reactor, some of the titaniumdioxide 5 deposits on tdgejanahly2004 t he cool ed
portions of the reactor, for exanple, the part of the reactor cool ed by
wat er or other neans. Unless renoved, the titanium dioxide wll '
continuously build up and substantially interferé with the cooling process.
Thus, the scouring medium nmust be continuously introduced into the
reactor. The injection chanber 16 al so fncl udes a pair of cooling water
jackets 32 and 34 10 for cooling the walls of the injection chanber. In
addition, an annul ar heat shield 35 is disposed wthin the cylindrical
gaseous reactant injection chanber 16 between the annular opening 17 in
the injection chanber and the forward end 19. The heat shield 35 can be

wel ded to t HEhecsidedi 6f tA6 sevofld plentin dhambo46 i heheiis hosaad wandgraitd on of
the «cylindrical gaseous reactant injection chanber 16 fromthe heat

produced by firbiepleramt elshnilfer asmduke sezand plehuhhdatober 0 igamks b bhRdacsd:
through the annul ar opening 17. A deflector 37 is attached to the rearward
end porti on iBlgt 3% whigh ceiseides with ghef mmulde fide otfletg2tdfehd fistplofum chente 36ed

oxygen introduced into the injection chanber 16 by way of the opening 17
and for cau s‘ﬁ%"i’“ﬁéﬂ Hhe gravings  heessoand menugnetiaother ¢6 Hasst largor distheteattan it
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i nj ection ct‘ia,rgger 16 and an.annul ar side outlet 42. As best shown in FIG
4 the first ahnut &e%elngﬁ%dg’ﬁé%%}mﬁmgpgﬁ fncludes a tangential inlet 44
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injection chesih clambe616 and kdéndOfftnear the outside wall 47 of the second plenum

10 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, 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



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

i ncludes an annul ar side inlet 52 which coincides w 2hJdrivena20ddl ar si de
outlet 42 of the first plenum chanber 36. As shown in the draw ngs, the
second pl enum chanber 46 has a | arger dianeter than the 5 first plenum
chanber 36 and the second pl enum chanber 46 covers the annul ar opening 17
around the periphery of the injection chanber 16. An annular slot 54 is
formed within the second pl enum chanbeg 46 adjacent to the side 48 by an-
annul ar plate 56 which is sealingly attached to the exterior of the '

I njection chanber 16 and extends to near the outside wall 47 of the second
pl enum 10 chanber 46. The annular slot 54 forned by the side 48 of the
second pl enum chanber 46 and the annular plate 56 is sealingly attached
over the anrl¢ dlengpeshamgber 7446 is sloped ionfvendly onwetdantbe rsides 48 Thulacilitdte the gh
flow rate of heated oxygen which may contain solid particles conducted to
the tangent iPPverenkef thasolid papiclesiinte thel@ddm chanber 36 is caused to swirl

i t hi he fi I h 6, foll d ~SW i in the | 15
Second pl anum chaibE HeR HG bl S0t o4 e idenh BB AParal 8rs 4. by
f h I lot 54 ,ipto t .0t eri f ot i njecti ha 16.
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hanb 36 ] d . ' ' I nber. .46, lid
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of the inj echdrowite htohaas Hhbugl tel ter 07906 BliétioR Bhbuhbbefs. aThe RefledisaPped
within the plenumchanbers 36 and 46. As iS well understood by those

skilled in tatechedtto twhiarerios @hd gorfian 3ocdfake asRluitr HPRAckioks ihiciuse (hé Bedsa
chanber in which a high velocity gas stream is swirled, the solid

particl es emaggenestdand behmgoghlytdigribetedandito driformhyofldh chrplighnthencenter of

10 the injection chamber 16, the titanium tetrachloride gas introduction apparatus 14 and
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



25 chanber in a very short period of tinme. As shown best in FIG 2, the
outside wall 47 of 26 January 2004 8 the plenum chanber 46 is.sloped
outwardly towards the side-48 to facilitate the noveltetdnuafy 2004 sol i d
particles into the slot 54. As best shown in FIG 3, the annular slot 54
I ncludes a plurality of spaced vanes 58 attached therein which forma
plurality of radial slots 59 (FIG 3) in the opening 54. 5 The radi al
slots 59 function to stop the heated oxygen streamfromswirling and
uniformy distribute the flow of the heated oxygen stream and solid
particles carried therewith into and through the center of the injection
chanber 16. The deflector 37 attached to the interior end portion 39 of
the conduit 26 functions to cause the heated oxygen streamto be uniformy
distributed and to uniformy flow through the center of 10 the injection

chanber 16, idgsidd thaRH HEPrERRGH (ROOPE 1 PF00PRY, pREUSBIY BAnPBIG A S Cebnand

the reactor 19 thereby preventing inconplete r’nbm ng and erosion fromtaking

place.  Thus to DB degreGeCEsiGA(1506T BUISDTE)! g addifas, anUixilidriofus] BaréMrably
conprises the steps of swirling the gaseous reactant to be introduced into

t he reactor Ifiroductdiatd the tjection chanberiband reactoatd &k vafy dfahd nddit Ry, dnde
second | arger dianeter annul ar pl enum chanber 46. 15 The swirling gaseous
react ant and sewiring medivh dbe scousing ttedwaltseofothe treaciords iinttadochdciath thatinjettivm
reactor 19 by vva%/ of the radial slots 59 and the injection chanber 16. That
is, the® gascbusberdgamdmeactndIdylway ofdhe renduit 20 oMsa, potsstimichloridediesinms | ot s
59 into the ipnjection _chanmber 16 and then into the reactor 19, and the
sol i d parti clcBorde gr Histikecappeadded to the hqatedroxygen wiredigd pnte tereastambhios
The radial slots and.the deflector 37 dispgsed within the 20 injection
chanber 16 c&0EOL a&é‘gee%%ofth%ﬁwg‘ﬂﬂg% Fq% CSarticles to flow into and
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chamber 16 angl. LF3GhQbus Ractant (heated fitanium tetrachloride) which contains or may contain
10 solid particles into the reactor 19 is illustrated. As best shown in FIG. 5, the apparatus
14 includes a cylindrical gaseous reactant injection chamber 60 having a forward end 61
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



so preventing inconplete mxing and erosion thereirn. As nmentioned, when the
apparatus 12 is utilized in a process for producing titanium dioxide, the
gaseous reactant 25 introduced into the reactor 19 by2envgnuafy 200@ appar at us
.12 is preferably preheated oxygen, that is, oxygen preheated to a
tenperature in the range of from 540 degrees 26 January 2004 9 Celsius to
980 degrees Celsius (1000F to 1800F), preferably from 830 degrees Cel sius
to 980 degrees Celsius (1500F to 180GW). 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 is introduced into the injection 5 chanber 16 and reactor 19 by way
of the conduit 24. Al so, potassiumchloride, cesium chloride or the |ike
can be added to the heated oxygen introduced into the reactor 19 to

control the pantiedhegiily €orpfed tih ethetdyliadricatmeinbei Gleasshovnde the dRedvimgs.i Adsoaow
to FIGS. 1 and 5-7, the apparatus 14 for introducing a high flow rate of a
gaseous reactwhén hirakarg dutli is anilized fart pravidingr addégionahhest a8 slesaibad abpvarghe
contain 10 solid particles into the reactor_ 19 is_illustrated. As _best
shown i n FI G cyindti¢nd vealpaeraban $3 the ipinel sgefion &7, diel qonigal Mﬂeﬁ%%sef’ﬁ%iént

I njection chanber 60 having a forward end 61 and rearward end 65 adapted
to be seal i ngfR}Gecbranddheteagter I%QIprc?‘r%éﬁﬂ’@ﬁa 08&6@2@'5 S@Q}i\gﬁlt‘épw’@% g9 by

way of a conical cqnnec¢tij.n i pe section 23 (FIG 1) and having an annul ar
openi ng>69 fowsﬁwﬁﬁ%mﬁrepnggr@ewwg&ag ‘i phery. As will be understood by
15 those skilled in_the art., the apparatus. can.: f '

mat eri al s which ha{’8 ana‘é‘?i ?18%}“? ﬁgﬁﬁ%iri@ haw@éépooggé%evgelg?gt%g%? ldggrg?f{ (%I?(?:Z?
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for producing TitTani um dr oxli ‘the injection anber 60 Is preferably
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metal materi ajiped w1th a silicon carbide corrosion resistant material 78 and a gasket material 80 is
10 disposed between the corrosion resistant material 78 and the outside wall 72 and sides 74
and 76. As will be understood, insulating and corrosion resistant materials or techniques
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



20 and a cylindrical menber 66 formed of a corrosion resistant silicon
carbide material. The annular opening 69 is preferably angled towards the
rearward end 65 of the injection chanber 60 as showrpd Janbh 2084 and t he
annul ar opening 69 includes a plurality of spaced vanes 68 (FIG 6)

di sposed therein which forma plurality of radial slots 62 therein. The
radi al slots 62 and annul ar opening 69 are angled:in order to prevent 25
oxygen fromentering them the build ypg of oxides: in the slots which can

| ead to plugging and to facilitate uniformdistribution in the injection
chanmber 60. The vanes 68 26 January 2004 10 can be integrally formed in the
cylindrical nenber 66 as shown in the drawi ngs. Al so, when auxiliary fuel
is utilized for providing additional heat as descri bed above, the
cylindrical wall nmenber 63, the pipe section 67, the conical connecting

pi pe secti ontiz3adipl ®t @) canset solid parimics caughd i FleGool B4 a6 e swbptviddrr wiipal ed
(not shown) to prevent damage 5 as a result of the high tenperatures

i nvol ved. AnPaAnphthedianiumicitsahiorde 6 strawh tirongh thetcondist &Ginto the ijedioni des
74 and 76 fornmed of a nmetal such as steel is sealingly attached to the
exterior of Fm£§¥§89ﬁﬂ*¢@ﬁﬁdngggeous reactant injection chanber 60. The
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streamto swirl within the plenumc 70. Atangential boot 84 is
Thus, the process carried out in the apparatus 14 basically comprises swirling the
10 gaseous reactant that may contain or pick up solid particles in the annular plenum
chamber 70 which includes a boot 84 for catching the solid particles. The resulting
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.



formed in the plenum chanber 70 downstream fromthe tangential inlet 82
thereof for catching solid particles carried with the titanium

tetrachl oride gas stream The boot 84 includes a remeabuanhidoad flange 85
for periodically renmoving solid particles fromthe 20 boot 84. Thus, the
titaniumtetrachl ori de gas streamcontaining solid particles is swirled

wi thin the plenum chanber 70, the solid particles are caught in the boot 84
and the resulting substantially solid particle free titaniumtetrachloride
streamflows into the injection chanbér 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 chanber 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 26 January 2004 11 the
radial slot 62 caupgspro@hdtidnRRkitdnfiln® diokRiedNlthd fiblRErAORE 184 dRehBy SHRRH
along with a portion of the titaniumtetrachl oride gas streamthrough the
condui t 86 i ng@ at A@rdsyreof atdlBast ONAKpAGUAS can doduge) (2986 ahd dempdigtuspefcad
vanes 68 disposed in the annular slot 69 which-formthe radial slots 5 62
cause the 'tilkanildOo depreeaclelsiusi (200Hy Alspethentdnapesdtanes of ths ogpgenvand titandurand
to be uniformy distributed in the injection chanber 60 in a manner such
that the gas %trachioridesstgame larel cpriralled |sesthat the aypertupsvof itheo oerhpasite streamer

of the injection chanber, 60 and reactor 18, in this_ manner preventing
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apparatus 14 si cal c rises swrling the 0 gaseous act an t may
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i ncl udes a boot 84 for catching the solid particles. The resulting
substantially solid particle free swrling gaseous reactant flows into the

injection chanber 60 by way of the radial slots 62 and annul ar openi ng 69.
The solid particles



caught in the boot 84 can be periodically manuall'y withdrawn can be -

wi t hdrawn 15 continuously by the conduit 86 and caused to flowinto a slot
62. As nentioned above, the plurality of radial sl otz f&hubgrRoodon to cause
t he gaseous reactant and solid particles (if any) to be uniformy
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
producing 20 titanium dioxide, 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 Celsius to 980 degrees Cel sius (350F to 1800F),
preferably from 400 degrees Celsius to 590 degrees Celsius (750F to

1100F). As will be understood, alum num chloride can be added to the heated
titanium 25 tetrachloride to enhance rutilization of the produced titanium
di oxide and nake it nore durable. 26 January 2004 12 The production of
titaniumdioxide in the tubular reactor 19 is generally carried out at a
pressure of at |east 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 tltanl um tetrachlo i de strte)(g e.con | ed 1) that th
tenperature of tHe corffb¥PPEVE: RRPGFALES f%? hﬁlg%%% aﬁﬁ%eof
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apparatus for '“trOd”C' eﬁﬁﬂﬁhﬁﬁh%ag§ HEmBEr torvink g%ﬁﬁ&éﬁﬁbmﬁﬁﬁh
par

contains or picks up o ar react Or conpri sing:
end and a rearward end adapted to be sealingly connected to the upstream end of said

5 tubular 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.



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 having an annul ar Zgpemuag 2o0aund t he
peri phery thereof; a first annular plenum chanber having an outside wall
and at | east one side sealingly attached to the exterior of said gaseous
reactant injection chanber, said first plenum chanber having an annul ar
side outlet and having a tangenti al iqL t for receiving a high flowrate
stream of sai d gaseous reactant containing solid particles and 10 for
causing said streamto swirl therein; a second annul ar pl enum chanber
havi ng an outside wall and sides and having a |arger dianeter than said
first plenum chanber sealingly attached to the exterior of said gaseous
reactant injection chapber, said second pl enum chanber having an annul ar
side inlet sealingly atbPa@Redalpy ofglaimahnthiclr furthde couptises aogassaiisdrehdtursit

pl enum 15 c sl.qt fornmed within said second pl enum

. 20 ) L .
chanber adj aggfgﬁ%?‘{f&‘SP?ﬁ?gr‘}éﬁgfgga#ﬂ@#@W%swgwéammjgcaioa chamber dor aligiegi nl et
t hereof, sai(: I bei n eali ngly, attached over said annul ar
openi ng i ?1 ;g?cg&g%iggtg“&ssa% e%?é?og'ﬁ?eaicﬁﬁ“@‘lfﬁeghxhﬁﬁl?ﬁb’é?lowéﬁ\éo‘égtb%ﬁ% OtLtl saiflear

the outside walla phegpl d second pl enum chanmber; and a plurality of spaced
vanes attached wthin said annular slot to thereby formtwo or nore radial
slots sherein. 26 January 2004 14 2. The apparatus of claim 1l which further
conprises a gaseous reactant deflector disposed within said cylindrical
gaseous reactant 3.nj ecThonpphambest t@im a QLD de ei: bamﬂ;rﬂgco ghﬂ
gaseous reactant therein ereby it flows through the nter Of sal

- sealingly extending into said cylindrical gaseous reactant injection chamber and

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:



tubul ar reactor. 5 3. The apparatus of claim2 which further conprises a
first conduit sealingly extending into said cylindrical gaseous reactant
injection chanber and positioned coaxially therew thd smudiysgioar gi ng a
reactor scouring nmediumtherein. 10 4. The apparatus of claim 3 which
further conprises a second conduit sealingly extending into said
cylindrical gaseous reactant injection chanber and positioned coaxially
therewith and with said first conduit for discharging auxiliary fuel
therein. 15 5. The apparatus of claim4 which further conprises at |east
one cooling water jacket sealingly atlttached. to the exterior of said
cylindrical gaseous reactant injection chanber. 6. The apparatus of claim
5 which further conprises a heat shield disposed 20 in said cylindrical
gaseous reactant injection chanber between said annul ar opening therein and
sai d closed f.orward’ eng dRARA gaskouseabiHil jOtir BRATRE WavingTs foRiaidca ng
high flow rate of -a gasedus reactant which contains or picks up solid
particles intad ardaati@hd beeddad be eelinglgicoareca to) thiewpstyear i ofSaid tubular
cylindrical gaseous reactant injection chanber .having a forward end and a
rearward end radaptadhivingan sealar opdnyncionmed theatint arotdbthe pstiptegniberedf, shidsai d
tubul ar reactor and having an annul ar opening forned therein around the
peri phery t henmdér,opsaing having alphralisp ehspagedeanehdispospd theesi toythereby foamdwov anes
di sposed therein to thereby formtwo 5 or nore radial slots therein; and
an anndl ar ploemens wighdels thesginfgdan out side wall and sides sealingly

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

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.



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 gaseous reactant cor@&igmuagy Zo4i d
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
f.ormed therein downstreamfromsaid tangential inlet for catching said
solid particles contained in said gaseous reactant. 8. The apparatus of
claim7 which further conprises a conduit attached 15 within said plenum
chanber having one end extending intoldaid boot and the other end extending
into one of said radial slots in said cylindrical gaseous reactant

i njection chanber. 9_ The apparatus of claim8 which further conprises an
internal liner 20 formed of corrosion resistant nmaterial disposed in said

annul ar pl enum chbrberAn jigproyed anpeeatust tns wirodyaingnhizhnfleweratess af daseonsil ar

opening in said cyljnhdrical gaseous_ reactant injection chanber and said
radi al sl ot sfeF‘B?fH%HL{Cﬂ@P@PIH Of P& &H@P%W@W@hﬂ@r TCAUPIABPEPESRE  t her eof .
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annul ag openpgg@,@round’ the periphery 5 thereof; a first annular plenum
chanber having an outside wall and at |east one side sealingly attached to

PO o I UM Rt et UL L0 G s S
= 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
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



tangential inlet for receiving a high flow rate stream of a gaseous
reactant containing 10 solid particles and for causing said streamto
swirl therein; a second annul ar pl enum chanber havi n2tafanoatys20dd4 wal | 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, said second pl enum chanber having an annul ar
side inlet sealingly attached to said annular side outlet of said first 15
pl enum chanber; an annul ar slot formedlW thin said second pl enum chanber
adjacent to the side thereof opposite fromsaid annular side inlet

t hereof, said annular slot being sealingly attached over said annul ar
opening in said first cylindrical gaseous reactant injection chanber and
extending to near the outside wall of said second plenum 20 chanber; a
plurality of ﬂflﬁ—’s L A6 ) I I .Qt _tqg thereb
formtwo or rﬁ%dfgdgfc%{aad];{a s?jgts t%ﬁ%}"fﬁbﬂ%@%ﬁ%ﬁg@ﬁitﬁ% ?“11 e%gge e@%’ssmc}/
reactant i njaeahlaP8oCRaiHeS plati r ; oy o]
said rearward end of said ?i rslpngg/ﬁaﬁéc?r%g dlgsgd;kg%gge?%%gkg%ﬁetw gg ?‘ﬁﬁ?ce)%:ti on
chanber and mor:ealislalosh Badingannect ed to the upstream end of said tubular 26
January 2004 17 reactor and having an annular slot formed therein around
the periphery thereof a sid anaderupknuml cHantbey iHaging &l Wuside! Walf akb aieg
vanes di sposed therein'to thereby formtwo or nore radial slots therein;
and a ¥ hi r d sealingiyaattagheshtenthe exteiior ofisaid sgeemd aylindricdb gaveblis reactanyi ieljestiord
sealingly attached tq the exterior of said second cylindrical gaseous

react ant i njc8ambesn having ariengentialinket fox recaijegaikigh flovetatef greameatea ghsegua hi gh
fliow rate streamof a gasepus . i ) ' o

: 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.



reactant containing solid particles and for causing said gaseous reactant

“to swrl

i ncl udi ng
inlet for
react ant.
i nvention
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appar at us

in said plenum chanber, said third annul ar pl enum chanber al so

a tangential boot forned therein downstreals Janansziod t angenti al
catching said solid particles 10 contained in said gaseous

26 January 2004 -i8 Abstract of the Disclosure The present

provi des novel and inproved apparatus for reacting high flow

one or nore gaseous reactants in tubular reactors. The inproved
al | ow such reactions to bel®arried out with a | ow pressure drop

across the reactor and w t hout excessive erosion due to solid particles
carried with or picked up by the gaseous reactants.

Abstract of the Disclosure

The present invention provides novel and improved apparatus for reacting high flow rates of

one or more gaseous reactants in tubular reactors. The improved apparatus allow such reactions to

be 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 reactants.



