INJECTOR ASSEMBLY, CHEMICAL REACTOR AND CHEMICAL
PROCESS [00011 Chemical reactors that include an elongated reactor
conduit such as a tubular reactor conduit for receiving reactants and
allowing the reactants to mix and react on a continuous basis are well
known. In such a reactor, a reactant stream is initiated and caused to flow
alongthelopgitudinal axis of the reactor conduit as the reaction is can-led
out. Reactants and other components can be injected intoPﬁ1TéUﬁ%8({?i’H‘géﬁg
reactant stream at various points in the reactor conduit. The reacted
product is separated from other components (which are often recycled)
and recovered. 100021Injecting a reactant or other component into a
moving reactant stream in a manner that allows the component to

thoroughly mix with th r e eam can be difficult,
for example, Whertﬁ e@%@fﬁ%‘%ﬂﬁ@&i&@%ﬁ%ﬁ@ velocity.
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conduit. A high temperature (approximately 1093°C (2000°F) to 1538°C (2800°F))
oxidation reaction takes place in the reactor conduit whereby pariiculate solid titanium
dioxide and gaseous reaction products are produced. The titanium dioxide and gaseous
reaction products are then cooled, and the titanium dioxide particles are recovered. The solid
titanium dioxide is very useful as a pigment,
{0604] In order to increase the capacity of a chioride process for producing titanium
dioxide, a second reaction zone can be created in the reactor conduit downstream of the first
reaction zone therein. Pre-heated titanium tetrachloride and/or oxygen can be added to the
second reaction zone to react with oxygen and/or titanium tetrachloride from the first reaction
zone. Unfortunately, due to the velocity at which the main reactant stream is moving through

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



it to significantly penetrate beyond the outer boundary layer of the main
reactant stream. The additional reactant is typically forced along the inside
wall of the reactor and does not sufficiently penetrate and mix with the
main reactant stream. If the additional reactant is titanium tetrachloride,
corrosion to the reactor wall can occur. [0005]In one embodiment, the
disclosure provides an injector assembty for more effectively injecting an
additional component into a component stream flowing through the
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configured to transversely inject said additional component into said .
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an injector conduit having an upstream end, 2 downstream end, and an injector

conduit wall disposed therebetween, said inj!ector‘ conduit wall defining an injector conduit

opening, wherein said injector conduit fluidly connects said first and second reactor conduit
sections said injector conduit wall including at least one port extending therethrough and
configured to transversely inject said additional component info said component siream 1o

peneirate a boundary layer of said component stream and induce sufficient mixing; and



2a an outer chamber extending around the outside of said injector

conduit wall along the cross-sectional perimeter thereof, said outer

chamber in fluid communication with said port, said outer chamber

including an inlet for receiving said additional component from a source of

said additional component, wherein said outer chamber is configured to

swirl said additional component [00071In another embodiment, the
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[0008] Ti;e injector assembly is disposed between the downstream end of the first section

G

of the reactor conduit and the upstream end of the second section of the reactor conduit, and
ﬂui'dﬂily connects the first and second sections together. The injector assembly includes an
injector conduit and an outer chamber. The injector conduit has an upstream end, a

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



cross-sectional perimeter thereof and is in fluid communication with the
port. The outer chamber includes an inlet for receiving the additional
component from a source of the additional component 10009ai In another
aspect, there is provided a chemical reactor, comprising: a reactor
conduit, wherein said reactor conduit provides for conducting a
component stream in a flow path that is at least approximately to a
longitudinal axis of the reactor conduit, said reactor conduit including a
first section and a second section each of said first and second sections
having an upstream end. a downstream end and a reactor conduit wall
defining a reactor conduit opening disposed between said upstream and
downstream ends: and the injector assembly as defined above,
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defining a reactor conduit opening disposed berween said upstream and downstream ends; and

the injector assembly as defined above, said injector assembly disposed between said
downstream end of said first section of said reactor conduit and said upstream end of said second
section of said reactor conduit-and in fluid communication therewith. wherein said injector

assembly provides for injecting an additional component into said component stream.

[8010]  In yet another embodiment, the disclosure provides a chemical process carried out more
effectively by the use of such a reactor. In accordance with the process, ome or more
components are introduced into a reactor conduit in a manner that causes the component(s) to
flow as a component stream thmﬁgh 'tha reactor conduit ;along the longitudinal axis thereof,
An additional component is wansversely injected into the ‘component stream ':ﬂlmugh a
plurslity of ports spaced around the cross-sectional perimeter of the reactor conduit. The
additional component is injected through the ports at a velocity sufficient to.canse the
additional component to significantly penetrate the outer boundary layer of the component

stream.
[8010a] : ' : e
In another aspect, there is provided a chemical process, comprising:
introducing one or more components into a reactor conduit in a manner that

causes the component(s) to flow as a component stream through the reactor conduit along the

longitudinal axis thereof: and



3a transversely injecting an additional component into said
component stream through a plurality of ports spaced around the
cross-sectional perimeter of said reactor conduit. said additional
component being injected through sa?& ports at a velocity sufficient to
cause said additional component to significantly penetrate the outer
boundary layer of said component '%eam Pnd induce sufficient. mixin
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cross-sectional perimeter of the reactor conduit at a sufficient velocity to cause the _additional
component fo significantly penetrate the outer boundary layer of the reactant stream.
Titaniumn halide and oxygen are allowed to react in the vapor phase in the first and/or second
* reaction zomes of the reactor conduit to form titanium dioxide particles and gaseous reaction

products. The titanium dioxide particles are then separated from the gaseous reaction
products. '

[0011a] Accordingly, in another aspect, there is provided a process for producing titanium dioxide,
comprising the process as defined above, wherein said introducing step comprises:



wherein said transversely injecting step comprises: introducing an
additional component chosen from gaseous titanium halide. oxygen, and a
mixture thereof into a second reaction zone in said reactor conduit that is
downstream of said first reaction zone. 3hid additional component being
transversely injected into said reactant stream from a plurality of ports
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- conduit downstream from where said additional component is injected into
| gAseOLRIEEHMITREAEStraRafn. 4 100121 These various aspects are better

understood by seference tenthe AGEAMPAINYINGe particies from said gaseous reaction
. products, wherein said Natalie Number corresponding to said resulting component stream is

defined by
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" wherein Cave 18 an avaragé theoretical concentration of said additional component at a distance
that is'- three times the diameter of said reactor conduit downstream from where said additional
component is injected into said component stream. wherein C, is an actual contraction of said
additional component at each of approximately 1000 locations spaced across a cross-sectional
“area of said reactor conduit at said distance that is three times the diarhater of said redctor
_ conduit downstream from: where said additional component is injected into said component
stream, and wherein A is a cross-sectional area of said reactor conduit at said distance that is

three times the diameter of said reactor conduit downstream from where said additional

component is injected into said component stream.



drawings, in which: 10013]FIG. | is a rear perspective view of an
embodiment of the inventive injector assembly; 100141FIG. 2 is a front
perspective view of the embodiment of the inventive injector assembly
shown by FIG. I; 100151FIG. 3 is an end view of the embodiment of the
inventive injector assembly shown bysFIGS. 1 and 2; 10016]FIG. 4 is a
rear view of the inventive injector assembly shown by FIGS. 1-3;
100171FIG. 5 is a cross-sectional view taken along line 5-5 in FIG. 3;
100121 0018%1 G 260450 ERISS: SEEL GABFViBI ke aldngdiRE 66 1 FIG, pcompanying
drawit@0I WG, 7 is a sectional view of an embodiment of the inventive
{QQESEeaCI;?Cr}’. I is a rear perspective view of an embodiment of the inventive injector
assembiy;
[0Gi4] FI1G. 2 is a front perspective view of the embodiment of the inventive injector
assembly shown by FIG. 1
{0615] FIG. 3 is an end view of the embodiment of the inventive injector assembly shown
by FIGS. 1 and 2;
[B01¢] FIG. 4 is a rear view of the inventive injector assembly shown by FIGS. 1-3;
{80171 FIG. 5 is a cross-sectional view taken along line 5-5 in FIG. 3;
[6018] FIG. 6 is a cross-sectional view taken along line 6-6 in FIG. 4,
[001%] FIG. 7 is a sectional view of an embodiment of the inventive reacior;
[0020] FIG. 7A is a cross-sectional view taken along line 7A-7A of FIG. 7;
[0021] FIG. 8 is a sectional view of an embodiment of the inventive reactor that includes
two of the inventive injector assemblies positioned directly adjacent {o one another;
(00221 FIG. 9 is a sectional view of an embodiment of the inventive reactor that includes
two of the inventive injector assemblies positioned in a spaced relationship with respect to
each other;
66237 FIG. 10 is a schematic drawing illustrating an embodiment of the inventive process
for producing rutile titanium dioxide;
[0024] FIG. 11 includes a sectional view of an embodiment of the inventive reactor as
used in the inventive process for producing rutile titanium dioxide together with a
diagrammatical representation of associated component pre-heat assemblies; and
10025}
[0026] Referring now to FIGS. 1-7, the inventive injector assembly Is illustrated and
generallv designated by the reference numeral 10. The intended use of the injector assembly
10 is iHustrated by FIG. 7. As shown, the injector assembly 10 is for injecting an additional
component (not shown) into a component stream 12 flowing through the conduit opening 14
of a reactor conduit 16 of a reactor 18 along the longitudinal axis 20 of the reactor conduit.
As shown by FIG. 7, the component stream 12 is flowing in the direction indicated by arrows

21. The injector assembly 10 is attachable between the downstream end 22 of a first section

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



100201FIG. 7A is a cross-sectional view taken along line 7A-7A of FIG. 7;

[0021]FIG. 8 is a sectional view of an embodiment of the inventive reactor

that includes two of the inventive injector assemblies positioned directly

adjacent to one another; [0022]FIG. 9 is a sectional view of an

embodiment of the inventive reactor that includes two of the inventive

injector assemblies positioned in a spaced relationship with respect to

each other; 100231FIG. 10 is a schematic drawing illustrating.a .
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inventive reactor as used in the inv ntivmrocess for roducinq 7ruti|e
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other components in vapor, liquid or sturry form. A primary use of the mventive injector
assembly 10 is to inject gaseous components into a Moving gaseous component stream. For
example, as described below, the inventive injector assembly 10 can be used to inject
additional titanium halide vapor or oxygen into a moving tfanium halide/oxygen vapor
reactant stream to thereby form a second reaction zone in a process for producing titanium
dioxide.

[6¢28] Referring now in particular to FIGS. 1-6, the injector assembly 10 comprises an
injector conduit 30 and an outer chamber 32. The injector conduit 30 has an upstream end
34, a downstream end 36 and an injector conduit wall 38, The injector conduit wall 38 is
disposed between the upstream end 34 and the downstream end 36 of the injector conduit 34
and defines an injector conduit opening 40 that can be aligned to be in fluid communication
with the conduit openings 14 of the first and second sections 24 and 28 of the reactor conduit
16. For example, as shown by FIG. 7, the injector conduit opening 40 can be axially aligned
with the conduit openings 14 of the first and second sections 24 and 28 of the reactor conduit
16 such that the injector conduit 30 and first and second sections of the reactor conduit are
aligned together in a straight path (or at least an approximately straight path).

[8029] The injector conduit wall 38 includes a plurality of ports 42 spaced around the
cross-sectional perimeter 44 of the injector conduit wall and extending through the injector
conduit wall for transversely injecting the additional componém into the component stream
12 in the reactor conduit 16. As shown in the drawings, the ports 42 are equally spaced (or at
least approximately equally spaced) around the cross-sectional perimeter 44 of the conduit
wall 38.

[0030]  As used herein and in the appended claims, the cross-sectional perimeter of the
reactor conduit 16 (or the injector conduit wall 38, as the case may be) means the perimeter
of the reactor conduit 16 (or the injector conduit wall 38) that extends perpendicularly (or at
jeast approximately perpendicularly) with respect to the longitudinal axis 20 of the reactor
conduit 16 (when the injector assembly 10 is disposed between the first and second sections

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



generally designated by the reference numeral 10. The intended use of
the injector assembly 10 is illustrated by FIG. 7. As shown, the injector
assembly 10 is for injecting an additional component (not shown) into a
component stream 12 flowing through the conduit opening 14 of a reactor
conduit 16 of a reactor 18 along the longitudinal axis 20 of the reactor
canduit. As shown by FIG. 7, the component stream 12 is flowing in the
dlc}ggtfg(ﬁffn( icated by arrows 21. The injector assembly 107 éﬁ’g CRARES
between the downstream end 22 of a first section 24 of the reactor conduit
16 and the upstream end 26 of a second section 28 of the reactor conduit
in @ manner that fluidly connects the fifst and second sections of the
reactor conduit together. 100271 The additional component injected into
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Coﬁﬁlﬂf ?Le spacer plate 60 aliows the injector assembly 10 to be easily attached between
the first and second sections 24 and 28, respectively, of the reactor conduit 16. The spacer

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



6 38). Transversely injecting the additional component into the
component stream 12 means injecting the additional component into the
component stream 12 at an angle with respect to the longitudinal axis 20
of the reactor conduit 16 (and hence the longitudinal axis of the
component stream 12) (when the injector assembly 10 is disposed
befween the first and second sections 24 and 28 of the re%% Sczongolut,wt&(ass
shown by FIG. 7, in the case of the injector assembly 10), the angle being
in the range from 30 to 900. In order to assure significant penetration into
the outer boundary layer of the component stream 12, the closer the angle
at which the additional component is ifjected into the component stream
12 with resp tb%the Io dlnal xis 20 o th con uit 1%}{(@18 b,

the ¢ ccr 15 1 set o o the o er c am
hencegt?l n |tud|na axis of t?tg component stream 1
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passageway b Uity eennegisdhereoi aspandingpast 42iaee: theiQuittor
chamher 32 together. 100331 The spacer plate 60 allows the injector
assembly 10 to be eaS|Iy attached between the first and second sections
248 28 SAPELI TG TEPiRESr ES S OO RIS, FHESPECEE Rty ndut
inCRfAEs 4rent Samace 64t aRhare SPPUKIfg ot stifatecss Nrrurprlar cross-

swdatedb4hafes make the injecior assembly 10 particularly suitable for use in association
with tubular reactor conduits. However, the injector conduit 30 (and hence the injector
conduit opening 40) and the spacer plate 60 can have other cross-sectional shapes as well,
Non-jimiting examples include oval, square and other polygonal cross-sectional shapes.
[0036] As shown in the drawings, the outer chamber 32 is a conduit that has a circular
cross-sectional shape. However, the outer chamber 32 can have other cross-sectional shapes
as well. Non-limiting examples include oval, square and other polygonal cross-sectional

shapes.



7 the spacer plate 60 is inset with respect to the outer chamber 32 (as
shown by FIG. I), whereas the front surface 66 of the spacer plate extends
outwardly with respect to the outer chamber (as shown by FIG. 2). The
inset nature of the rear surface 64 and outward extension of the front
surface 66 of the spacer plate 60 with respect to the outer chamber 32

al ctor assemblies to be easily bolted togethe k to bac
shkg)\?l\/%ogt\?;%ﬁl%g 8. 100341A plurality of openings 68 extend ﬁ%ﬁé’hﬁ H’s(ﬁg
spacer plate 60 from the rear surface 64 to the front surface 66 of the
plate. As shown by FIG. 7, the first section 24 of the reactor conduit 16
includes a flange 70 having a plurality &f openings 72 therein. Similarly,

the sectlon 28 0 eactor condwt 16 in Iude aflan e 74
ha{ﬁ%%%a %uraﬁl[ygél %6%%‘.%55[7?2'" hélell FHEHEGE ?aﬁwor ﬁ SPgEsibe
24%?%@3’@&@@?5‘6&3[%f“*fﬁ"f‘@&“n“ﬁ@%%{é%h@bet@&ﬂﬁ‘é PRIAPTEOt PcE By (oPeHE 16
spacesplateH0 canthibe dange /4 ofiihesecand sedtid 28 lofthepreactasly
coeﬂa&i&gm@@l@ﬁmw Jfastb@a‘f%tr%{&a@&,@@t Ot ARACRLAIRLE includes a

Gat.'s}sets 76 n, b dlsg(msdeSec m gen ehacp @ft e fla(rjmges 70 and 7

t seclion EFS it CCONA Sectlon ai’Q!ldU a
the spacer p ate 0 to assure a rober sea t7§ can pe exien eda
thidTEHTHE 6PerAfngd TR E A g’ 76, ‘é%ff‘Pé%?ﬂﬁ‘&ﬁ"@ bpfefifibess fetor
thewsgecercpiade HGhsarrdddotrespiindmygeopenings! f2virsthefladge 74, and

Nuigs8 camdbetheadeson to thadbelisjoattach.thelisshpneg seecond 10, us
sectio ”Lisgé‘b§9eda%§ lﬂus NG EAGHI 9‘%’5‘9%“%;61,%%&“ %Raﬁﬁl&aﬁt%o%%%’g% g

|rec ytoget er. In this manner, the II’S'[ an second sections 2
of T Pe At PR SATIBT S %fﬁﬁnbézﬂu%ﬁﬁ%ﬁﬂ’é&scﬁa"fg tHe frfjBRESTIEEr b Ie
10dawesindirect\ Floidly tonreateditofetherchefitgt Bhdhdecomesaationgs
24.and 28 olitheraactosrcaneiiid G andithadnjerior-eandiitndirffesdivalynd

begome: %f%!@%%&@%‘i%ﬁ%&éw&WA@ J}Q%Pﬂ{%eﬁa%’% ﬁe%[é?x‘é@%tﬁ?ﬁﬁ first

cross-sectional perlmeter of the reactor conduit. [003 As shown b
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Crégés §8ﬂf8n‘ﬁ#§ﬂ'§ﬁ@§mr conduit openings 14 the first section "4 an second section

28 of the reactor conduit 16 and in fluid communication therewith. In this manner, the first
and second sections 24 and Z8 of the reactor conduit 16 and the injector conduit 30 are
effectively a single reactor conduit with the ports 42 spaced around the cross-sectional
perimeter 44 of the reactor conduit. As shown by the drawings, the reactor conduit 16
including the first and second sections 24 and 28 thersof and the injector conduit 30 are
axtally aligned together in a straight path {or at least an approximately straight path). As
shown by the drawings, the reactor conduit 16 (inciuding the first and second sections 24 and
28) and hence the reactor conduit opening 14 thereof as well as the injector conduit 30 and
the injector conduit opening 40 each have a circular cross-seciional shape, As shown, the

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



8 [0037IReferring now to FIGS. 7-9 and I, the inventive chemical reactor
is illustrated and generally designated by the reference numeral 18. The
reactor comprises a reactor conduit 16 for conducting a component
stream 12 in a flow path that is parallel (or at least approximately parallel)
to the longitudinal axis 20 of the reactor conduit. The reactor conduit 16
in%%c%%% /%g%r%t section 24 and a second section 28, each %fc tgt}gqfirst(%g(g
second sections having a downstream end 22, an upstream en?:lu%/, 5Ad a
reactor conduit wall 88 defining a reactor conduit opening 14 disposed
between the upstream ends and downstream ends. [0038]The inventive
reactor 18 further comprises the inventive injector assembly 10, as
descrihed above and illustrated in the drawings for injecting an additional
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Gaskets 76 are disposed between each of the flanges 70 and 74 and the spacer plate 60 to

assure a proper seal. Bolts 78 are extended through the openings 72 in the flange 70,

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



or more components into the component stream 12 in the reactor conduit
16 if desired. For example, as shown by FIG. 8, two injector assemblies
10a and 10b are disposed directly adjacent to each other between the
downstream end 22 of the first section 24 of the reactor conduit and the
upstream end 26 of the second section 28 of the reactor conduit. The

fl e first section 24 of the reactor conduit 16 i h the
r?gfg 5985 e{g{é%h of the spacer plate 60 of the injector asse?ﬁ%%& %%%‘;%%668
Similarly, the flange 74 of the second section 28 of the reactor conduit is
attached to the front surface 66 of the spacer plate 60 of the injector
assembly 10b. Gaskets 76 are disposEtl between each of the flanges 70
and 74 and the correspanding spacer plate 60 and between the front
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28 of the reactor conduit 16 to the spacer plate 60 and indirectly together.
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end.98 of a third section 100 of the reactor conduit. A flange 102 of the
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second and third sections 24, 28 and 100 of the reactor conduit 16 are
fluidly connected to the injector assemblies 10a and 1013 and indirectly
connected together. The first, second and third sections 24, 28 and 100 of
the reactor conduit 16 and the injector conduits 30 of the assemblies 10a
and lob effectively become a single reactor conduit with the ports 42
spaced around the cross-sectional perimeter of the reactor conduit.
[0042]As understood by those skilled in the art, the inventive chemical

reactor 18 can include other components as well. For example, as shown
hyv EICC 11 and dicecricead fiirther below in one ilhhietratinie emhondiment



11 ports through which the additional component is injected into the
component stream 12 are equally spaced (or at least approximately
equally spaced) around the cross-sectional perimeter 108 of the reactor
conduit 16. 10044]The additional component is injected through the ports
ata velocity sufficient to cause the additional component to significantly
PEPEY, 1 g.outer boundary layer 110 of the component str,]rea%m(m

one em |ment the additional component is injected thro&gﬁ the Sbocgﬁgsat
a veIOC|ty sufficient to cause the Natalie Number corresponding to the
resulting component stream 12 (i.e., the compOnent stream 12 after the
injection of the additional component therein) to be in the range of from
zero go to 0.5. In another embodiment, the additional component is
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sectional area. If the component is perfectly mixed with the main stream at the point in
question, the variance will be zero (0). On the other hand, if the component is compietely
unmixed with the main stream at the point in question, the variance will be one (1).

[0046] Thus, the Natalie Number corresponding to the resulting component stream 12 at
the point in question is reflective of the degree to which the additional component has
penetrated the outer boundary layer 110 and mixed with the component siream 12. The
Natalie Number (Ny,) corresponding to the resuliing component stream 12 is determined in

accordance with the fotlowing equation:

= [[(Cpre = C)) dx dv.
A(Cpy)

wherein:



12 C",,g = the average concentration of the additional component at
the point in question assuming that the additional component is

completely mixed with the resulting component stream 12; C, =the
actual concentration of the additional component at each of approximately
1000 locations spaced across the cross-sectional area; and A =the

Cross-sect g)sgﬁﬂ area of the reactor conduit 16 at the point question.
Determlnatlon of the Natalie Number CNN,) correspondin ?&H‘?&"P@@fﬂ?ﬁ%g
component stream 12 is further illustrated by Example 1 below. [00471In
one embodiment, the additional component is conducted to the ports in
the reactor conduit 16 (such as the potts 42 of the injector assembly 10)
from an outer chamber that extends around the out5|de 112 of the reactor
conduit 16 alon tthé:eﬁotsiongaségﬁljffﬁ f t S 3‘?} i citﬁ%‘?%iz }‘IﬁéE the
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injected into the component stream 12 can be a single reactant or other component or a

combination of reactants and/or other components in vapor, liquid or shury form.

[0048] Referring now to FIGS. 10 and 11, a process for producing titanium dioxide in
accordance with the inventive process will be deseribed. A gaseous titanium halide (such as
titanium tetrachloride) and oxygen are continuously reacted in the vapor phase in the reactor
18 to produce titanium dioxide particles and gaseous reaction products. A stream 120 of
oxygen {(Ju), or an oxygen-containing gas (the “oxygen gas stream 1207}, is combined with a
stream 122 of a gaseous titanium halide (the “titanium halide gas stream 1227 in the reactor
18 at a temperature of at least 700°C (1292°F).

{06491 Prior 1o being combined in the reactor 18, the oxygen gas stream 120 and titanium
halide gas stream 122 are pre-heated, for exampie, in pre-heat assemblies 124 and 126,

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



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

shell and tube type | 3 component heaters. The oxygen gas stream 120 is

conducted to pre-heat assembly 124 from a source 128 thereof and

pre-heated to a temperature in the range of from 16 degrees Celsius (60F)

to 1871 degrees Celsius (3400Th, ty%cally to a temperature in the range

of from 38 deg. C (100F) to 1054 deg. C (1930F) therein. Similarly, the

titanium halide gas stream 122 is conducted to pre-heat assembly 126
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is secured ownstream end 152 and an upstreamen
theredecured to the upstream end 154 of the case 150. Gaskets 162 are

!@@51T05|ﬂ9%g\gﬁ eleJrGth‘ei dewnsieam %E‘%mlie%ﬁ&”aﬁﬁad%“ﬁ’é%ﬂhgagd together

and the ugstream end wall 160 and upstream end 154 in order to

by 2 gadupEigabhoserrssaliTRE Ane diaindtel forfedbyetid opining 156 @neludes an
upstrdhig innen diametsh.afibecase 130) iadargenibantheauter dipmsten 9 thaending

, Hln{ectlon conduit 140.

axially therethrough.

I0052]  The oxygen gas stream injection assembly 132 includes a cylindrically shaped case
150 having a downstreamm end 152, an opposite upstream end 154 and an opening 156
extending axially therethrough., A downstream end wall 158 is secured to the downstream
end 152 and an upstream end wall 160 is secured to the upstream end 154 of the case [50.
Gaskets 162 are positioned between the downstream end wall 158 and downstream end 142
and the upstream end wall 160 and upstream end 154 in order to assure a proper seal. The
inner diameter formed by the opening 156 (i.e.. the inner diameter of the case 150} is larger
than the outer diameter of the injection conduit 140.

10053]  The upstream end 142 of the injection conduit 140 extends through a central
portion 166 of the downstream end wall 158 so that a portion of the conduit 140, generally
near the upsiream end 142 thereof, is disposed within a portion of the opening 156 of the case
150 (i.e., within the interior of the case}. The upstream end 142 of the injection conduit 140
is spaced a distance from the upstream end wall 160 of the case 150. The space between the
inner wall formed by the opening 156 (i.c.. the inner wall of the case 150) and the outside

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



[0053]The upstream end 142 of the injection conduit 140 extends through
a central portion 166 of the downstream end wall 158 so that a portion of
the conduit 140, generally near the upstream end 142 thereof, is disposed
within a portion of the opening 156 of the case 150 (i.e., within the interior
of the case). The upstream end 142 of the injection conduit 140 is spaced
a distance from the upstream end wall 160 of the case 150. The
be%\}%e%%g?ﬁes inner wall formed by the opening 156 (i.e., th&5M @F(\}%qé‘]?%fg
the case 150) and the outside peripheral surface 168 of the injection
conduit 140 forms a chamber 170. The space between 14 the upstream
end 142 of the injection conduit 140 ahd the upstream end wall 160 forms

a slot 172 which allows for fluidic communication between the chamber
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extending axially therethrough. A downstream end wall 198 is secured to
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end 192 and the upstream end wall 200 and upstream end 194 in order to assure a proper seal.
The inner diameter formed by the opening 196 (i.e., the inner diameter of the case 190) is
larger than the outer diameter of the injection conduit 140,

[0057] The downstream end 144 of the injection conduit 140 extends through a central
portion 202 of the upstream end wall 200 so that a portion of the conduit 140, generally near
the downstream end 144 thereof, is disposed within a portion of the opening 196 of the case
180 (i.e., within the interior of the case). The downstream end 144 of the injection conduit
140 is spaced a distance from the downstream end wall 198 of the case 190. The space
between the inner wall formed by the opening 196 (i.e., the inner wail of the case 190) and
the outside peripheral surface 168 of the injection conduit 140 forms a chamber 204. The
pre-heated titanium halide gas stream 122 is conducted from the pre-heat assembly 126 to the
chamber 204 of the case 190 through an inlet 206 in the case 190.



100571The downstream end 144 of the injection conduit 140 extends

through a central portion 202 of the upstream end wail 200 so that a

portion of the conduit 140, generally near the downstream end 144

thereof, is disposed within a portion of the opening 196 of the case 190

(i.e., within the interior of the case). The downstream end 144 of the

injection conduit 140 is spaced a distance from the downstream end wall

198 of the case 190. The space between the inner wall formed by the
1005380 pening i9G(ivecthé(fnrdrinalliof theticaset1@0)amckther eutside 16 of the reactor

eripheral surface 168 of the injection co it 140 forms a ghamber 204,
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conduit can have a frustoconical shape with the diameter of the section
thereghcréhsipry frshitderiipstreainnentd 208 tthesadwHsrea Rt thEiEothapes as
wel1. The second and third sections 28 and 100 can have similar frustoconical

shapes as [0061]An additional component chosen from gaseous titanjum .
{O%Eﬂ]a”d’glaﬁ%dgw nGmponent chosen from gaseous titaniim halide and oxygen 1Is

introduced into a second reaction zone 220 in the reactor conduit 16 that is downstream of the
first reaction zone 136. The additional component is transversely injected into the reactant
stream 12 from a plurality of ports spaced around the cross-sectional perimeter 108 of the
reactor conduit 16 at a velocity sufficient to cause the additional component to significantly
penetrate the outer boundary layer 110 of the reactant stream [2. In one embodiment. the
additional component is injected through the ports at a velocity sufficient to cause the Natalie
Number corresponding to the resulting reactant stream 12 to be in the range of from zero (0)
to 0.5. In another embodiment, the additional component is injected through the ports at a
velocity sufficient to cause the Natalie Number corresponding to the resulting reactant styeam
12 to be 0.3 or iess. The Natalie Number corresponding to the resulting reactant stream 12 is
defined and described above in connection with the inventive chemical process.

[0662] In one embodiment, the additional component is conducted to the ports in the
reactor conduit 16 {such as the ports 42 of the injector assembly 10) from an outer chamber
that extends around the outside 112 of the reactor conduit 16 along the crogs-sectional

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



introduced into a second reaction zone 220 in the reactor conduit 16 that
is downstream of the first reaction zone 136. The additional component is
transversely injected into the reactant stream 12 from a plurality of ports
spaced around the cross-sectional perimeter 108 of the reactor conduit 16
at a velocity sufficient to cause the aglgitional component to significantly
penetrate the outer boundary layer 110 of the reactant stream 12. In one
embodiment, the additional component is injected through the ports at a
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addi a%h%\/ﬁmmgﬁﬁll&m%@bw ment, the additional COMPRRRNLISIENNSRR pre-heared
from gaseous titanium
in a pre-heat assembly 224 and injected into the second reaction zone 220 by the nventive

iniector assembly 10. The titanium halide gas stream 222 is conducted to the pre-heat
assembly 224 from a source thereof (not shown) and pre-heated to a temperature in the range
of from 121 degrees Celsius {250°F) to 982 deg. C (1800°F). typically to a temperature in
the range of from 135 deg. C(275°F) to 177 deg. C (350°F) therein.

[0066]  Titanium halide and oxygen are allowed to react in the vapor phase in the first
reaction zone |36 and/or second reaction zone 220 of the reactor conduit 16 to form titanium
dioxide particies and gaseous reaction products. The combined reactant steam flows through

the reactor conduit 16, for example, at a velocity at a range of from 30.5 meters {100



halide, oxygen and a mixture thereof The additional titanium halide and/or

oxygen react with unreacted titanium halide and/or oxygen from the first

reaction zone 136 and thereby increase the capacity of the process. As

shown by the drawings, the additional component is additional titanium

tetrachloride. A stream 222 of the adgitional titanium halide is pre-heated

in a pre-heat assembly 224 and injected into the second reaction zone

220 by the inventive injector assembly 10. The titanium halide gas stream
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& titanium e reactant can be any of t e know es of
titanium, including titanium tetrachloride iTHEH) itanium tetrabromlde

@GGSt}ltaanr@n&eg%g q?eﬁ”%@%@&ﬂbﬁ% r@ﬂﬁ%gg%ﬁ'&iﬁﬂ@&’ﬁq {able JtapiMed reactant

halide is titanium tetrachloride. Titanium tetrachloride is the titanium halide
strearpf bhoicadiFRaat, tnoeal hobgsor phitstBniaatsaldrodusadsrer preddieinyst and

secontPHilg titanim digkidgpigment.dtis.axidized to Rreduiee parichiate soliskide,
titanium dioxide and gaseous reaction products in accordance with the

10065011 oWiR o P EEHTR MR 14492 TRIOPE. JO0BBIH b he BRIBOMMBRY e However. it
can 28dditi0BR! cantpeReRbiniecieddatoithe eombineddeattadtyeen enriched air). The

particular oxidizing gas emploved will depend on a number of factors including the size of
the reaction zones 136 and 220 within the reactor conduit 16, the degree to which the
titanium halide and oxygen-containing gas reactants are pre-heated, the extent to which the
surfaces of the reaction zones are cooled and the throughput rate of the reactants in the
reaction zones.

106670]  While the exact amounts of titanium halide and oxidizing gas reactants employed
can vary widely and are not particularly critical, it is important that the oxygen-containing
gas reactant be present in an amount at least sufficient to provide for a stoichiometric reaction
with the titanium halide. Generally. the amount of the oxygen-containing gas reactant
emploved will be an amount in excess of that required for a stoichiometric reaction with the
titanium halide reactant, for example. from 5% to 25% in excess of that required for a
stoichiometric reaction,

16071]  In addition to the titanium halide and oxidizing gas reactants, it is often desirable to
introduce other components into the reactor 18 for various purposes. For example. in one
embodiment, alumina is introduced into the reactor 18 in a predetermined amount that is

sufficient to promote rutilization of the titanium dioxide. The amount of alumina needed 1o



stream 12 is additional titanium halide. The titanium halide introduced into
the first and second reaction zones 136 and 220 of the reactor conduit 16
can be titanium tetrachloride. [0069]The oxygen-containing gas reactant is
preferably molecular oxygen. However, it can also consist of for example,
oxygen in a mixture with air (oxygen enriched air). The particular oxidizing

9%?(%])9}%\‘%‘3 will depend on a number of factors mcludlng(tll]%é&gﬂ%lge

reaction zones 136 and 220 within the reactor conduit 16, the degree to
which the titanium halide and oxygen-containing gas reactants are
pre-heated, the extent to which the surfaces of the reaction zones are
cooled and the throughput rate of the féactants in the reaction zones.
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prgtgj@gedf chlorine gas in particulate form but not necessarily sufficiently finely divided to
fluidize in the gas stream. A fixed bed of particulate aluminum can be chlorinated by passing
chiorine to the bed throegh numerous nozzles surrounding the bed.
0073}  An example of another component that can be advantageously introduced inte the
reactor 18 is a scouring agent. The scouring agent functions io clean the walls of the reactor
and prevent fouling thereof. Examples of scouring agents which can be used include, but are
not limited to, sand, mixtures of titanium dioxide and water which are pelletized, dried and
sintered, compressed titanium dioxide, rock salt, fused alumina, titanium dioxide, sali
mixtures and the like.
[0874]  The titanium dioxide particles and gaseous reaction products that are formed in the
reactor 18 are cooled by heat exchange with a cooling medium (such as cooling water) in a
tubular heat exchanger 240 to a temperature of about 704 degrees Celsius (1300°F). A
scouring agent can also be injected imto the heat exchanger 240 to remove deposiis of
titanium dioxide and other materials from the inside surfaces of the heat exchange. The same
types of scouring agents that are used in the reactor 18 can be used in the heat exchanger 240.
[0075]  After passing through the heat exchanger 240, the particulate solid titanium dioxide
is separated from the gaseous reaction products and any scouring agent(s) in separation

apparatus 250.



10072! In one embodiment, alumina is introduced into the reaction zone
16 of the reactor 18 by combining aluminum chloride with the oxygen gas
stream 120, the titanium halide stream 122 and/or the additional titanium
halide stream 222. As shown by the drawings, the aluminum chloride is
combined with one or both of the titanium halide streams 122 and 222.
Theeazl(l}Jmlnum chloride is generated on site in an aluminum chloride
generator 230 that is in fluid communication with one or bJth!Gf g/ es6es
titanium halide stream 122 and the titanium halide stream 222 Various
types of aluminum chloride generators are well known in the art and can
be used in the process of the invention? For example, powdered

aluminum, with or without an inert particulate material, can be fluidized in
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[6G80] The velocity at which the additional oxygen is transversely injected through the
ports 42 into the reactant stream 12 is sufficient to cause the additional oxygen to
significantly penetrate the outer boundary layer 110 of the reactant stream 12. The velocity at
which the additional oxygen is transversely injected through the ports 42 inio the reactant
stream 12 is also sufficient to cause the Natalie Number corresponding to the resulting
reactant stream to be 0.3, The Natalie Number corresponding to the resulting reactant stream
12 is determined at a point in the reactant stream (the “point in question™) that is three pipe
diameters downstream of the point of injection of the additional oxygen into the reactant
stream by the injector assembiy 10. The Natalie Number (Ny,) is determined in accordance

with the equation set forth below,



[0078]The inventive process for producing titanium dioxide, as described
above and illustrated by FIGS. 10 and 11, is carried out. The inventive
chemical reactor 18 is used in the process. A pre-heated oxygen gas
stream 120 and pre-heated titanium tetrachloride gas stream 122 are
introduced into the first reaction zone .36 of the reactor conduit 16 of the
reactor 18 in a manner that causes the streams to flow as a combined
reactant stream 12 through the reactor conduit 16 along the longitudinal
axis 20 thereof. The flom‘@te offthe, g;pmb]p)édjlsed@tant stream 12 through
the reactor conduit 16 is 2.5 kllog@{@s “second. The temperature of the
combined reactant stream 12 is 1300 degrees Kelvin. The diameter of the
reactor conduit 16 is 125 cm (7 inches). [0079]Additional oxygen is then
duced into the second reaction zone 220 by the injector assembly 10.
H@%Jé%tor assembly 10 includes eight ports 42 equally spaced around

the cross- Sec“of“a' 9"5{ é%et% 4 E?fﬁfée "f‘;!%éor C%@;%’%F wall, 38, each b oRA oxygen
havmg a ql Oi]’lt m %ri‘;‘} mlm that ie 10 P)(()Xg nfl'll%h?% 15 %(amp LLE
through (e Gy EABEY g A0 IaNsVersel. Wasiad

42 into the reactant stream ata veIOC|ty 0 189 kilograms per second.

The temperature of e agliienal oxveen > A0 AeRTarR Kby thane additional
pressureoqr;g@@a@eam@@'raeg}p&@@ﬁ%my A AYH0g: INecHONOT N8 ss the cross-
additional.0xygan,is,30 kka, gaHee 440591 LOABQALEhg, yelocity at

which the additional oxygen is transversely injected through the ports 42

into the reactan streaglsle is suffigientiocalise §H§a@@%€@@§j}l QEEKhe cross-

significantly: paneiraie thg-quiel-peundary lpyend 10i0f theLaastant stream
12. The velocity at which the additional oxygen is transversely injected

through the ports 42 into the reactant stream 12 is also sufficient to cause
the Natalie Number corresponding to the resulting reactant stream to be
0.3. The Natalie Number corresponding to the resulting reactant stream
12 is determined at a point in the reactant stream (the "point in question™)
that is three pipe diameters downstream of the point of injection of the
additional oxygen into the reactant stream by the injector assembly 10.
The Natalie Number (NNa) is determined in accordance with the equation
set forth below. 20 NNa = if(Ca,- CO- dx dv. A( CavgY wherein:




= 0.07, which is the average concentration of' the additional oxygen at the
point in question assuming that the agdditional oxygen gas is completely
mixed with the resulting reactant stream 12; Ciranges from Oto 1,
which is the actual concentration of the additional oxygen determined at
What 1@PRIgxMately 1000 locations spaced across the cross-sectional area A
using computational fluid dynamics; and A = 248.4 square centimeters
(38.5 square inches). which is the cross-sectional area of the reactor
qonduit A afdhePainiibguestiaetis WhalifRamedisohAn IBS Womponent
assembly for injecting an additional component into a component stream
stream f{REtHISIEH & CoRduit Gpening o & Fedwr et iy hivelongitudinal axis
thereoﬂ%@&ttaeéeﬁhﬁtgﬂi@é@%&&%&@@%%@@%ﬁ%ﬂs BEWEER &ction of the

downstream end of a first section of the reactor conduit and an upstream

reactor G h B SRR FriRd PesfobrAlTI bR ARARP RN a manner
that flGanNNeGisthesfingt andisecond sertioRsiehthe r etﬁgt%é‘&@pl_égﬁﬁgﬁttﬂ@%ethen said
said assembly comprising: an injector conduit having an upstream
assembly, QORI tream end, and an injector conduit wall disposed
therebefwagrhtsAIH HIGE NGO HHIL WAL ARTINAG A INRHOLEeREUILG an injector
pening, wherein said injector conduit fluidly connects said first and

(0]
conduiisgebldsacred togRbeheertisnd SURFIRRIBARE I dralringl dainy erifsagnduit

openin@NEHRExiending herstnaraiandcanfisyred datansvessaly dnjest:saithnduit
additional component intg said component stream to penetrate a

sectionpy St HHF Fe F O AT MBS RS e dFt A i B0 cSUmeiBa: hikstiyough and
configid®dl to transv@RPHRY; hambeirxpnding aremndthewside ahssidnt siream to

injector conduit wall along the cross-sectional perimeter thereof, said outer
penetraiha HIERHRICE SITRGHIC RIS R adiqeotticientmpsing: and

including, afuiglelHionreceiving FaidAYAIlIanal GARODERLTOH & 8RWSEEIRft wall
aid additional component, Wherfein said outer chamber is_configured to

along t & SSEeSH ﬁgrl&%(ﬁh@ﬁﬂ said outer chamber in fluid communication with

said port, said outer chamber including an inlet for receiving said additional component from
a source of said additional component, wherein said outer chamber is configured to swirl said

additional component.



2. A chemical reactor, comprising: a reactor conduit, wherein said
reactor conduit provides for conducting a component stream in a flow path
that is at least approximately to a longitudinal axis of the reactor conduit.
said reactor conduit including a first’section and a second section. each of
said firgtcﬂg% 1%%?9%% tgg,actic%ns Q%ang an upstream end. a downstream end
‘and a reactor conduit wacff)&qéﬁnln@'a reactor conduit opening disposed
betweenrsaitoupstrebim anticdownstréarnendscanthit providdie infectorducting 2
compcm@ﬁsgﬁr&gl}{ o %Jafll%lgﬁﬁj Aalectar ?e%%grybly %%E)gggﬁdtg ew o%ngisz_%gn | axis of the
downstream end of said first section of daid reactor conduit and said
reacior gstrdaniiendast@aidsatbngisdition bfssaitreactor corduitdasmtinifluideh of said
first anCOIRMNICRRAN DRFRWIR. whersin said niecion Assembly RIOVIdES JOL i wa
_injecting an additional component into said component stream. 3- The
definings4rie0 § BILIAINRET BE SispATErhAt SR iFjEttorstenduin hvadhineltdesends: and
pluralityofperis-extending dherathroughisand.said outerghamher is influid, aiqg
. ﬂcommun(lgatl_on with each of said ports 4. The apparatus of claim 3,
AOWRSUGHTL FOh St DOFE e SPiedidrstfartrendrisansectio narpemmitpofaid second
section sdidaidjeetorconsuitivahd in BuilheapRa MRl Glaimsd ok ke Mhersin injector
. b}s,.aigl in&ect r assemk?yly furég.er includes a spacer plate disposed between
ASSEmMOIC AT RS ST LUREUTF AP EalH OtEr BRAMOE A Sader PIse Siedtting a
Passagewaydispesed between said pdrtand said eutenchamber aad inciudes a
- fluidly connecting said port and said quter chamber together, 6. The |
plaraliy S S L Ry TR et ton wit
cach of gpapertplate disposed between said injector conduit and said outer
chamigy, spidheRacerPaley 73 ngludino a.p

&fs%a‘ge\zli\@y di‘a".scg‘gsgrcclmnd the cross
between each of said ports and said outer a?nber, each of said ross

sectionappydmgeialseiliaiyconpestiigysdid corresponding port and said outer
chamber together. 7. The apparatus of claim 6, wherein said outer
Chamber is a conduit extending around the outside of said injector conduit
Wall albiyPRAtTSAE6kIBIal pEAMEteTtRartidfaisd arardndaid spaceincludes a
spacer pladeiifhasdireciondhakia aljleast anpreximtely PeRENdiGHIBEOME sacer piate
: ._longitudinal axis of said reactor conduit.
mncluding &~ passageway disposed between said port and said outer chamber and fluidly
connecting said port and said outer chamber together.
6. The apparatus of claim 3. wherein said injector assembly further includes a spacer

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



8. The apparatus of claim 7. wherein said reactor conduit including said

first and second sections thereof and said injector conduit are axially

aligned together in at least an approximately straight path. 9.A

chemical process. comprising: 23 introducing one or more
: ._components intq.a reactor conduit in a manner that causes the .
el MOt is b he LGt Gl T vl gt cach of
said passdgagdhellonditudinat @xessthereaksardding porttead Sued setydinjectihg arvether.

additional companentinte sad campanent stieam (IGUAN 8 PIUAN, OF.. enging

ports space around the cross-sectional perlme?er of Said reactor conddit,
around ggidadditiohaticomigonenphéingvnjeciedahiroughssaictports atanvetocibgreo! and
around SHICBALI gase saidiadditianal.component to signiicantly RENEAIEIIP o e

outer boundary layer of said component stream ‘and induce sufficient
iongitudiigdiny sackr i atatieNaralie- Number corresponding to a resulting

£omponent Siream. isn ihe range SEzeg; (0)e.Q:5 yherein saidNatalier s and

Number corresponding to said resulting component stream is defined by f
second gegripnT IR T091d (67219 DI GHHErSRNEWVETR anialerakigntdebtetibar in at Jeast an
approxi$@RGERIFAtANALsaid additional component at a distance that is three

(times the diameter of said reactor conduit downstream from where said

Addition &P EBHTPORISRETS FEEBEE T8to said component stream, wherein ClI

is an agtual eontragtion ohsaidcadgitienal compenentat @ashef in a manner that

proximately 1000 locations spaced across a cross-sectional area of :

causes QRATIRRSTEORELN S i HRARIES That 8 Thr B iRl e 1A Eqap &F @lone the
iongitudéaad adackoreodnduit downstream from where said additional component is

injected,into.said component stieams. andwherein A is.a cross-sectional, (e,

area of said reactor conduit at said distance that s three times the i
through diampetefiof sdidreactorcohduitidowistreamnsfromiwhéresaig@dditional reactor
condu%t,cgcmipé)&ﬁﬂéﬁﬁl_'Qlﬁﬁ})%qém%ec’ﬁll‘g t(r\‘l -G NGRS RHe: '3?@ at a v%%c?;besuf ficient to

process of claim 9 wherein the additional componerﬁ Is injected Into sald{
cause sggnigénEestreapimugh saidiserd apenveideitihsuffitderiow eansése of said
componNRtGlENUMPRIIGErresReNg A& IRARELLEUIING SOMRORERESIFCRMLR BGiing to 2

~ in the range of from zero (0) to 0.5. A . o
resuiiing component stream is in the range of zero (0) 1o G.5. wherein said Natalie Number

corresponding to said resulting component stream is defined by
o
J(Chpe — Cyy dx dy
9
A(Cave)

wherein Cq, 1s an average theoretical concentration of said additional component at a distance
that is three times the diameter of said reactor conduit downstream from where said additional
component is injected into sald component stream, wherein C, is an actual contraction of said
additional component at each of approximately 1000 focations spaced across a cross-sectional
area of said reactor conduit at said distance that is three times the diameter of said reacior
conduit downstream from where said additional component is injected into said component
stream. and wherein A 1s a cross-sectional area of said reactor conduit at said distance that is
three times the diameter of said reactor conduit downstream from where said additional

componeant is injected into said component stream.



11. The process of claim 9 wherein the additional component is injected
into said component stream through said ports at a velocity sufficient to
cause the Natalie Number correspoqding to the resulting component
stream to be 0.3 or less. 12. Thetprocess of claim 9 wherein said
ditional component js. copducted to said Bor.ts in said reactor conduit . i
rom an'GubsF CRAMbEF Shid SUKer ThAMBEF BEIAY SUBRA thit Bigedgnto sai
componanownacitime uiside of saidrreacter eohdiit aloiigithe cross:seationakbialic Number
erimeter thereof in a direction that is at least approximately perpendicular
comesp Al B o Sk e Cann e A g3
tlaim 1 fuptherssornpiising“thebstep ofhswitlingpsal o adgitional isamipanénhto said
componiHOUGR, SR, uter chiambger.alona the gnaitydinal axis thereof . . At Avmber
process for producing titanium dioxide, comprising the process of claim
correspeiRBren SHidantiddLedestey lcoritisee 0.3 or lesfatroducing gaseous
fitaniumyhalide andoxygeninta adirstipaction zene afgfeactar Conduitet i

a reactor in a manner that causes the titanium halide and oxygen to flow
ports ingiig rEAetain b YAt HFoRIYIPHHE EEREF cordLIR SRS e RS rigitnglinadonduit that
extends 381 AR At BE IR AR L RNDERKEBYAIDIRCHNG: RIGRECOMRBISES meter thereof in a
direction that is at least approximately perpendicular 1o the longitudinal axis of said reactor
conduit.

13, The process of claim 12 further comprising the step of swirling said additional
component through said outer chamber along the longitudinal axis thereof.

14. A process for producing titanium dioxide. comprising the process of claim 13.

wherein said introducing step comprises:



introducing an additional component chosen from gaseous titanium halide.
oxygen, and a mixture thereof into a second reaction zone in said reactor
conduit that is downstream of said first reaction zone, said additional
component being transversely injectedl into said reactant stream from a
plurality of ports spaced around the cross-sectional perimeter of said
reactor COHMTIN &t S RASTIRASIHLIERT (S catisRraaRd At AR CERpHertne of a
reactor m&@ﬂifwm@@nﬂtﬁatﬂaﬂi%@mrdwmﬂéytlﬁyﬁlﬁtﬁfi&ai@e@ﬁ&@ﬂtgﬁﬁ@rﬂow as a
reacta argd ind%lqe %%f{'cient rtnixingdsuch that th% Natalie Number corresponding
At S G LB PO SR STEUR ISR thie ' PRASYEBRYero (6) 45U 5: said
processfurthesatomprisimge v injectinallowingtitahigsm halide and oxygen to
react in the > vapor 1|ﬂaasa%§{§0§% F(i}%s{t a]glg{tor econd,reaction zones of.said} e
reactor condult fo form titanium dioxide partidles ant Ghsediid veaktiopm halide.
oxveenprodustsnamige thereof intosepaxating rsaid ditanium dioxide particlesoftont that is
downsn%@hq ga%g%uﬁrrs?qgf& Hrgﬂ%qt??aiWQ%[;ﬁ{ﬂ)ﬁgldc(Ij\gl?'lg?')lill{eﬂal?l fg}Q? rtra sverselv injected
corresponding to said resulting component stream Is defined byrll(caw- :
into saigjpedsiely AfEMgiPWherdirn 3 iefarraveragedieoreticht concentrationl aferimeter
of saidsaﬁﬁgp'ggﬂﬁligoﬁﬂpém@ﬂg@ﬁ}a distance; that &H@Ee%aq@%%ﬁm?C)QQ%%g%%8£em to
~_ said reactor conduit downstream from where said additional component is
signifciRiBeBN Mt SAE COfRpEABAE Btr el viherdih teadeainstcaal ashtratgorsuiTicient
mixing 9h&aidadditisnalicompanant ateqeh aharproximately 1009 1acatians:m is in the
paced across a cross-sectional area of said reactor conduit at said
range O'ureiadfb thitis three times the diameter of said reactor conduit

downsteeaprdcom fvheresaigadditional component is injected into said
compo Fnt.stream and Wh{frein is a cross-sectional area of said reactor

conduit AP LRl QAR VAT s B RTBS thESB A (SF or Rt PRRYRP Said first
and/or gondditeownstream ronmivheresaidadditianaicamponant isineaieshifitQes and

) s%;id component stream. 15. The process of claim 10. wherein the
gaseous Teaction products: an . . .
- Natalie Number corresponding to the resulting component stream is 0.3 or

less. 16sdeninjectordassemily dictaim gacidhe chemisakireastonofreaction
product&lm%whﬁrﬁ'ﬁl@g@ﬁie Number corresponding to said resulting component stream is
defined by
JJ(Cae—C\V dx dy
A(Cye)

wherein Cay, ts an average theoretical concentration of said additional component at a distance
that 1s three times the diameter of said reactor conduit downsueam from where said additional
component 1s Injected nto said component stream. wherein €, is an actual contraction of said
additional component at each of approximarely 1000 locations spaced across a cross-sectional
area of said reactor conduit at said distance thét 1s three times the diameter of said reactor
condutt downstream from where said additional component is injected into said component
stream. and wherein A is a cross-sectional area of said reactor conduit at said distance that is
three times the diameter of said reactor conduit downstream from where said additional

component is injected into said component stream.



at least one port has a diameter of about 1.58 centimeters (about 0.622

inches). 17. The injector assembly or chemical reactor of claim 16.

wherein the additional component is transverselinjected at a velocity of

about 0.189 kilograms/second (0.4 pounds/second) when a flow rate of

the component stream is about 2.5 h?ograms/second (5.5

pounds/second).

15, The process of claim 10. wherein the Natalie Number corresponding to the

resulting component stream is 0.3 or less

16, The injector assembly of claim 1 or the chemical reactor of claim 2. wherein the
at ieast one port has a diameter of about 1.58 centimeters (about 0.622 inches).

17. The injector assembly or chemical reactor of claim 16. wherein the additional
component is transversely injected at a velocity of about 0.189 kilograms/second (0.4
pounds/second) when a flow rate of the component stream is about 2.5 kilograms/second (5.5

pounds/second).



