
WO 2004/104518 PCT/US2004/014861  METHOD FOR THE
ANALYSIS OF GAS PRODUCED BY A TITANIUM TETRACHLORIDE
FLUIDIZED BED REACTOR  5 TECHNICAL FIELD The instant
invention is in the field of chemical analysis methods
for determining  components of a gaseous mixture. More
specifically, the instant invention is in the field of
methods for determining components in the gaseous
product of a fluidized bed reactor for  producing
titanium tetrachloride by the chloride process.
Aditionally, the instant invention 10 is in the field
of methods for controlling the temperature of such a
fluidized bed reactor.  BACKGROUND The chloride
process for producing titanium dioxide is well known,
see Volume 24  of the Kirk-Othmer Encyclopedia of
Chemical Technology (4th Ed., 1997) and in Volume I
15 of the Pigment Handbook, Edited by Lewis (2nd Ed.,
1988). The first step of the chloride process for
producing titanium dioxide is the chlorination of a
titanium bearing material (for  example, rutile ore)
in a fluidized bed reactor, see U.S. Patents
2,701,179; 2,790,703;  3,526,477; 3,883,636;
3,591,333; 4,046,854; 4,619,815; 4,854,972; 4,961,911;
5,389,353;  5,670,121; and 5,585,078. In summary, the
titanium bearing material, a source of carbon 20
(usually coke) and chlorine are reacted (for example
at 900-1300 degrees Celsius) in a  fluidized bed at
the lower portion of the reactor to produce a gaseous
stream comprising  titanium tetrachloride, carbon
monoxide; carbon dioxide and carbonyl sulfide, which
gaseous stream moves to the upper portion of the
reactor and then is exhausted from the  reactor for
further processing. 25 According to the teachings of
the above-referenced '121 patent: (a) it is desirable
in  such a reactor to minimize the formation of carbon
monoxide to decrease the amount of  carbon required
per unit of titanium tetrachloride produced; and (b)
it is desirable to  decrease the formation of carbonyl
sulfide because carbonyl sulfide is an undesired
byproduct. According to the teachings of the `121
patent, the formation of carbon monoxide 30 and
carbonyl sulfide can be reduced by cooling the
fluidized bed, such as by introducing a  suitable
cooling material (such as titanium tetrachloride at
100 degrees Celsius) into the  reactor above the
fluidized bed. However, according to the teachings of
the `121 patent, if  the fluidized bed is overcooled,
then the concentration of unreacted chlorine tends to 



-1 WO 2004/104518 PCT/US2004/014861  increase to
undesirable levels in the gaseous stream from the
reactor. Thus, there appears to  be an optimum
temperature of the fluidized bed in the reactor which
temperature can be  controlled by, for example,
controlling the amount of cooling material introduced
into the  reactor above the fluidized bed. According
to the teachings of the above-referenced `911 5
patent, chlorine can be added just above the surface
of the fluidized bed to convert carbon  monoxide to
carbon dioxide. According to the teachings of the
above-referenced `078  patent, oxygen can be added to
the reactor to convert carbon monoxide to carbon
dioxide  and to convert carbonyl sulfide to sulfur
dioxide. With the above in view, it is apparent that a
number of different improvements have  10 been made to
the fluidized bed process for converting titanium
dioxide to titanium  tetrachloride so that the
concentration of undesirable byproducts of the process
can be  reduced. For example, formation of undesirable
carbon monoxide can be reduced and/or  carbon monoxide
can be converted to carbon dioxide. And, the formation
of undesirable  carbonyl sulfide can similarly be
reduced and/or the carbonyl sulfide can be converted
to 15 sulfur dioxide. Whatever improved process is
used to reduce the concentration of  undesirable
components (such as carbon monoxide and/or carbonyl
sulfide) the gaseous  exhaust stream from the reactor
can be analyzed to control the improved process. For
example, the `121 patent disclosed the use of a
Fourier transform infrared analyzer to  analyze the
exhaust gas stream from the reactor (after the
titanium tetrachloride was 20 condensed therefrom) for
carbonyl sulfide. Analysis of the exhaust gas stream
from the reactor is difficult because the stream is
hot, corrosive and contains particulates. Analysis of
the exhaust gas stream after the  titanium
tetrachloride has been condensed therefrom is more
favorable but still problematic  because, for example,
the required sampling systems tend to corrode and
plug. It would be 25 an advance in the art of chemical
analysis of the gasses from a fluidized bed reactor
for  making titanium tetrachloride if components
therein (such as carbon monoxide, carbon  dioxide,
carbonyl sulfide and sulfur dioxide) could be
determined without the need to  extract a sample
thereof and especially if the determination were
related to a concentration  ratio of one undesired
component to another related more desirable component
(such as the 



30 concentration ratio of carbon monoxide to carbon
dioxide or the concentration ratio of  carbonyl
sulfide to sulfur dioxide). -2 WO 2004/104518
PCT/US2004/014861  DISCLOSURE OF INVENTION The instant
invention is a solution, at least in part, to the
above-mentioned problems.  The instant invention in
one aspect provides a chemical analysis method for the
analysis of  components in gases produced by a
fluidized bed reactor for making titanium
tetrachloride, 5 which method does not require a
sampling system. The instant invention uses a totally
different approach than the prior art. The instant
invention provides a method to determine  the ratio of
infrared absorption intensity of a first component
(such as carbon monoxide or  carbonyl sulfide) to a
second component (such as carbon dioxide or sulfur
dioxide) in the  gaseous product of a fluidized bed
reactor for producing titanium tetrachloride. The
instant 10 invention uses the hot fluidized bed of the
reactor as the source of infrared radiation and
directs this radiation through the gaseous products in
an upper portion of the reactor through  a window in
the reactor to an infrared spectrometer to determine
the intensity of infrared  radiation of at least a
first wavenumber, a second wavenumber, and a third
wavenumber, the  first wavenumber being a wavenumber
where the first component has a higher absorbance 15
per volume percent than the second component, the
second wavenumber being a  wavenumber where the second
component has a higher absorbance per volume percent
than  the first component, and the third wavenumber
being a wavenumber where both the first  component and
the second component have a relatively low absorbance
per volume percent.  Then, the absorption intensity of
the first component is determined by comparing the 20
intensity of the infrared radiation at the first and
third wavenumbers, and the absorption  intensity of
the second component is determined by comparing the
intensity of the infrared  radiation at the second and
third wavenumbers. Finally, the ratio of infrared
absorption  intensity of the first component to the
second component in the gaseous product at the upper
portion of the reactor is determined by dividing the
absorption intensity of the first 25 component by the
absorption intensity of the second component. The
concentration ratio of  the first component to the
second component can be determined, for example, if
the log of  the absorption intensity of the first
component is divided by the log of the absorption  



intensity of the second component and the product is
multiplied by a calibration factor. In another aspect,
the instant invention provides an improved process for
controlling  30 the temperature of a fluidized bed
reactor in the manufacture of titanium tetrachloride,
wherein the manufacture of titanium tetrachloride
comprises the steps of feeding  carbonaceous material,
titanium bearing material, and chlorine to a fluidized
bed reactor to -3 WO 2004/104518 PCT/US2004/014861
react in a fluidized bed to form titanium
tetrachloride and an exhaust gas stream comprising
carbon monoxide and carbon dioxide, the exhaust gas
stream being directed to a condenser.  The improvement
comprises seven steps. The first step is to direct
infrared radiation from  the fluidized bed through the
upper portion of the reactor to an infrared
spectrometer to 5 determine the intensity of infrared
radiation of at least a first wavenumber, a second
wavenumber and a third wavenumber, the first
wavenumber being a wavenumber where  carbon monoxide
has a higher absorbance per volume percent than carbon
dioxide, the  second wavenumber being a wavenumber
where carbon dioxide has a higher absorbance per
volume percent than carbon monoxide, and the third
wavenumber being a wavenumber 10 where carbon monoxide
and carbon dioxide have a relatively low absorbance
per volume  percent. The second step is to determine
the absorption intensity of carbon monoxide by
comparing the intensity of the infrared radiation at
the first and third wavenumbers. The  third step is to
determine the absorption intensity of carbon dioxide
by comparing the  intensity of the infrared radiation
at the second and third wavenumbers. The fourth step
is to 15 determine the infrared absorption intensity
ratio of carbon monoxide to carbon dioxide in  the
gaseous product at the upper portion of the reactor by
dividing the absorption intensity  of the second step
by the absorption intensity of the third step. The
fifth step is to determine  the desired infrared
absorption intensity ratio of carbon monoxide to
carbon dioxide in the  gaseous product at the upper
portion of the reactor. The sixth step is to calculate
the 20 difference between the infrared absorption
intensity ratio of carbon monoxide to carbon  dioxide
in the gaseous product at the upper portion of the
reactor and the desired infrared  absorption intensity
ratio of carbon monoxide to carbon dioxide in the
gaseous product at  the upper portion of the reactor.
The seventh step is generate a signal which
corresponds to  the difference calculated in the sixth
step and provide a feedback response to the fluidized 



25 bed reactor to control the temperature of the
fluidized bed reactor.  BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a side view, of the upper portion of a
fluidized bed reactor for the  production of titanium
tetrachloride, the reactor having a flanged nozzle on
the top of the 30 reactor in communication with a
sapphire window mounted in piping components connected
to the nozzle so that infrared light from the reactor
can be directed through the window to a  Fourier
transform infrared spectrometer by way of a mirror
mounted in a piping elbow; -4 WO 2004/104518
PCT/US2004/014861  Fig. 2 is a plot of infrared
radiation intensity on the vertical axis of the plot
versus wavenumber on the horizontal axis of the plot
as determined using the Fourier transform  infrared
spectrometer of Fig. 1; Fig. 3 is a plot of infrared
absorbance on the vertical axis of the plot versus 5
wavenumber on the horizontal axis of the plot as
determined using the Fourier transform  infrared
spectrometer of Fig. 1; Fig. 4 is a plot of the
infrared absorbance ratio of carbon monoxide to carbon
dioxide as determined using the method of the instant
invention on the vertical axis of the  plot versus the
volume percent ratio of carbon monoxide to carbon
dioxide as determined 10 using a prior art reference
method on the horizontal axis of the plot; Fig. 5 is a
plot of the infrared absorbance ratio of carbon
monoxide to carbon  dioxide as determined using the
method of the instant invention on the vertical axis
of the  plot versus the temperature of the fluidized
bed of Fig. 1 on the horizontal axis of the plot;  and
15 Fig. 6 is schematic diagram showing two fluidized
bed reactors connected to one  condenser and
illustrating an improved process for controlling the
temperature of each  reactor according to an
embodiment of the instant invention. MODES FOR
CARRYING OUT THE INVENTION 20 Referring now to Fig. 1,
therein is shown a side view, of the upper portion of
a  fluidized bed reactor 10 for the production of
titanium tetrachloride, the reactor 10 having a  seven
and one half centimeter diameter flanged nozzle 11 on
the top of the reactor. A first  seven and one half
centimeter diameter flanged spool 12 is attached to
the flanged nozzle  



11. A seven and one half centimeter diameter flanged
ball valve 13 is attached to the first 25 spool 12. A
second three inch diameter flanged spool 14 is
attached to the valve 13. A  sapphire window 15 (shown
in cross section) is sandwiched between the spool 14
and a  seven and one half centimeter diameter flanged
elbow 16 (shown in cross section). An  infrared mirror
17 (shown in cross section) reflects infrared light 18
from the reactor 10  (assuming the ball valve 13 is
open) to a Fourier transform infrared spectrometer 19.
The 30 spectrometer 19 is positioned on an instrument
table 20 (shown in cross section) that rests  on deck
21 (also shown in cross section). First spool 12 is
fitted with a line 22 so that  nitrogen can be flowed
into the first spool 12 to help prevent contamination
of the window -5 WO 2004/104518 PCT/US2004/014861  15.
Second spool 14 is similarly fitted with a line 23 so
that nitrogen can be flowed into the  second spool 14
to help prevent contamination of the surface of the
window 15. The valve  13 can be closed for
installation or maintenance purposes even if the
reactor 10 is in  operation. 5 Referring still to Fig.
1, the reactor 10 is fed with carbonaceous material,
titanium  bearing material, and chlorine to react in a
fluidized bed near the bottom portion of the  reactor
10 to produce a gaseous product that moves to the
upper portion of the reactor 10,  the gaseous product
comprising titanium tetrachloride, carbon monoxide and
carbon dioxide  that is exhausted from the reactor 10
and directed to a condenser. The infrared radiation 18
10 from the fluidized bed in the reactor 10 is
directed through the upper portion of the reactor  10
to the infrared spectrometer 19 to determine the
intensity of infrared radiation of at least a  first
wavenumber, a second wavenumber and a third
wavenumber, the first wavenumber  being a wavenumber
where carbon monoxide has a higher absorbance per
volume percent  than carbon dioxide, the second
wavenumber being a wavenumber where carbon dioxide 15
has a higher absorbance per volume percent than carbon
monoxide, and the third  wavenumber being a wavenumber
where carbon monoxide and carbon dioxide have a
relatively low absorbance per volume percent.
Referring now to Fig. 2, therein is shown a scan of
infrared radiation intensity from  about 2450
wavenumbers to about 2100 wavenumbers obtained during
operation of the 20 reactor 10 of Fig. 1. As is
conventional in the art, all wavenumber values used
herein are in  



terms of reciprocal centimeters. The decrease in the
intensity of infrared radiation in the  range of from
about 2240 to about 2400 wavenumbers is due to carbon
dioxide. The  decrease in the intensity of infrared
radiation in the range of from about 2100 to about
2220  wavenumbers is due to carbon monoxide.
Therefore, the first wavenumber associated with 25
carbon monoxide can be selected from a wavenumber in
the range of 2100 to 2220. If an  essentially single
wavenumber is selected, then it is preferable that it
be the wavenumber  where carbon monoxide has its
maximum decrease in intensity (near 2120 wavenumbers
or  near 2180 wavenumbers). However, most preferably,
the infrared intensity between 2096  and 2137
wavenumbers is integrated. Similarly, the second
wavenumber associated with 30 carbon dioxide can be
selected from a wavenumber in the range of 2240 to
2400. If an  essentially single wavenumber is
selected, then it is preferable that it be the
wavenumber  where carbon dioxide has its maximum
decrease in intensity (near 2370 wavenumbers or  -6 WO
2004/104518 PCT/US2004/014861  near 2330 wavenumbers).
However, most preferably, the infrared intensity
between 2243  and 2410 wavenumbers is integrated. The
third wavenumber is most preferably 2400  wavenumbers.
It should be understood that although it is preferable
to use a Fourier  transform infrared spectrometer
system in the instant invention, other infrared
spectrometers 5 can be used such as a nondispersive
infrared spectrometer, for example for carbon dioxide
and carbon monoxide determination, a three filter
nondispersive infrared spectrometer  having filters
with a maximum transmission of 2170, 2370 and 2420
wavenumbers. The absorption intensity of carbon
monoxide is determined by comparing the  intensity of
the infrared radiation at the first and third
wavenumbers. The absorption 10 intensity of carbon
dioxide is determined by comparing the intensity of
the infrared radiation  at the second and third
wavenumbers. The infrared absorption intensity ratio
of carbon  monoxide to carbon dioxide is determined by
dividing the absorption intensity for carbon  monoxide
by the absorption intensity for carbon dioxide. If the
log of the absorption  intensity of carbon monoxide is
divided by the log of the absorption intensity of
carbon 15 dioxide, then the result is proportional to
the concentration ratio of carbon monoxide to  carbon
dioxide (for example in terms of volume percent) and
can be calculated by  multiplying the result by a
calibration factor. 



It should be understood that the instant invention can
be used to determine the ratio  of infrared absorption
intensity of components other than carbon monoxide and
carbon 20 dioxide, such as, for example, carbonyl
sulfide and sulfur dioxide. Referring now to Fig. 3,
therein is shown the data of Fig. 2 but wherein the
vertical axis is presented in terms of  absorbance
rather than intensity using 2400 wavenumbers as the
reference wavenumber. Referring now to Fig. 4, therein
is shown a plot of the infrared absorbance ratio of
carbon monoxide to carbon dioxide as determined using
the method of the instant invention  25 on the
vertical axis of the plot (using the system shown in
Fig. 1 wherein the fluidized bed of the reactor is
controlled at different temperatures thereby causing
the volume percent  ratio of carbon monoxide to carbon
dioxide to vary in the range of from about 0.3 to
about  0.8) versus the volume percent ratio of carbon
monoxide to carbon dioxide as determined  using a
prior art reference method on the horizontal axis of
the plot. The prior art reference 30 method used a
nondispersive infrared analyzer installed after the
condenser to determine the  carbon monoxide and carbon
dioxide concentrations in the gas stream according to
the  teachings of United States Patent 5,670,121.
During the collection of the data shown in Fig. -7 WO
2004/104518 PCT/US2004/014861  4, only a single
fluidized bed reactor was operated so that a gas
sample representative of the  reactor was analyzed by
the nondispersive infrared analyzer. The data in Fig.
4 shows the  excellent correlation between the
infrared absorbance ratio of carbon monoxide to carbon
dioxide as determined using the method of the instant
invention and the prior art reference 5 method,
despite the varying temperature conditions in the
reactor. Referring now to Fig. 5, therein is shown a
plot of the infrared absorbance ratio of  carbon
monoxide to carbon dioxide as determined using the
method of the instant invention  on the vertical axis
of the plot versus the temperature (in degrees
Farenheit) of the fluidized  bed of Fig. 1 on the
horizontal axis of the plot. The data in Fig. 5 shows
the excellent 10 correlation between the infrared
absorbance ratio of carbon monoxide to carbon dioxide
as  determined using the method of the instant
invention and the temperature of the fluidized  bed in
the reactor. Such a correlation can be used in a
system to control the temperature of  the fluidized
bed in the reactor according to another aspect of the
instant invention. Referring now to Fig. 6, therein is
shown a schematic diagram depicting two 



15 fluidized bed reactors connected to one condenser
and illustrating an improved process for  controlling
the temperature of each reactor according to a
preferred embodiment of the  instant invention.
Carbonaceous material (such as coke), titanium bearing
material (such as  rutile ore) and chlorine are fed
into each reactor. Gaseous reaction products from each
reactor are fed to a condenser system to recover
titanium tetrachloride in the liquid stream 20 from
the condenser and a gas stream comprising carbon
monoxide, carbon dioxide and any  unreacted chlorine.
Analyzer #1 and Analyzer #2 send a CO/CO2 ratio signal
(electrical,  pneumatic, digital , etc.), related to
the infrared absorption intensity ratio of carbon
monoxide to carbon dioxide in the gaseous product at
the upper portion of the reactors to a  pair of
control systems (such as a distributed control system
or other feedback control 25 system) where its value
is compared to a set point or determined as either
within or without  a set range. If the infrared
absorbtion intensity ratio of carbon monoxide to
carbon dioxide (the  "controlled variable") of either
reactor does not equal the set point or is outside of
the set  range, then the difference between the
measured controlled variable and the set point is 30
determined and a second signal (electrical, pneumatic,
digital, etc.) corresponding to this  difference is
generated manually or preferably by a suitable
feedback controller such as, for  example, a
proportional integral or a proportional integral
derivative action controller or -8 WO 2004/104518
PCT/US2004/014861  other suitable computer software or
algorithm that provides a feedback response. Such
feedback response causes a change in the amount of
cool material being added to each  reactor by making a
proportional change in the flow rate of the cool
material to each reactor  by way of a pair of control
devices. Preferably the control devices are automatic
flow 5 control valves. The cool material added to
control the temperature of each reactor can be any
cool  material that does not substantially adversely
impact the production of titanium tetrachloride  or
interfere with the analysis of the instant invention.
Most preferably, the cool material is  titanium
tetrachloride at, for example, about one hundred
degrees Celsius. 10 It will be appreciated that when a
plurality of fluidized bed reactors are connected to
a single condenser (as shown in Fig. 6), then the
temperature control process taught in  



United States Patent 5,670,121 (wherein the gas from
the condenser is analyzed) will not be  effective
because the exhaust gas streams from each reactor are
mixed in the condenser. In  the instant invention each
such reactor has its own analyzer thereby providing an
analysis of 15 the gas produced in each reactor before
any mixing thereof in the condenser. Thus, the
instant invention, as shown for example in Fig. 6,
provides a system for the effective control  of the
temperature of each reactor. -9 WO 2004/104518
PCT/US2004/014861  WHAT IS CLAIMED IS: 1. A chemical
analysis method for determining the ratio of infrared
absorption  intensity of a first component to a second
component in a gaseous product of  a fluidized bed
reactor (10) for producing titanium tetrachloride by
reacting 5 materials comprising titanium dioxide,
carbon and chlorine in a fluidized bed  at the lower
portion of the reactor to produce a gaseous product
that moves to  the upper portion of the reactor, the
gaseous product comprising titanium  tetrachloride,
the first component and the second component, the
method  characterized by the steps of: (a) directing
infrared radiation (18) from the 10 fluidized bed
through the upper portion of the reactor to an
infrared  spectrometer (19) to determine the intensity
of infrared radiation of at least a  first wavenumber,
a second wavenumber and a third wavenumber, the first
wavenumber being a wavenumber where the first
component has a higher  absorbance per volume percent
than the second component, the second 15 wavenumber
being a wavenumber where the second component has a
higher  absorbance per volume percent than the first
component, and the third  wavenumber being a
wavenumber where the first component and the second
component have a relatively low absorbance per volume
percent; (b)  determining the absorption intensity of
the first component by comparing the 20 intensity of
the infrared radiation at the first and third
wavenumbers; (c)  determining the absorption intensity
of the second component by comparing  the intensity of
the infrared radiation at the second and third
wavenumbers;  and (d) determining the infrared
absorption intensity ratio of the first 



component to the second component in the gaseous
product at the upper  25 portion of the reactor by
dividing the absorption intensity of step (b) by the
absorption intensity of step (c). 2. The method of
Claim 1, wherein in step (d) the log of the absorption
intensity  of step (b) is divided by the log of the
absorption intensity of step (c) and the  product is
multiplied by a calibration factor to determine the
concentration 30 ratio of the first component to the
second component. 3. The method of Claim 1, wherein
the first component is carbon monoxide and  the second
component is carbon dioxide. -10 WO 2004/104518
PCT/US2004/014861 4. The method of Claim 2, wherein
the first component is carbon monoxide and  the second
component is carbon dioxide. 5. An improved process
for controlling the temperature of a fluidized bed
reactor in the manufacture of titanium tetrachloride,
wherein the manufacture  5 of titanium tetrachloride
comprises the steps of feeding carbonaceous material,
titanium bearing material, and chlorine to a fluidized
bed reactor to  react in a fluidized bed to form
titanium tetrachloride and an exhaust gas  stream
comprising carbon monoxide and carbon dioxide, the
exhaust gas  stream being directed to a condenser, the
improvement is characterized by the 10 steps of: (a)
directing infrared radiation from the fluidized bed
through the  upper portion of the reactor to an
infrared spectrometer to determine the  intensity of
infrared radiation of at least a first wavenumber, a
second  wavenumber and a third wavenumber, the first
wavenumber being a  wavenumber where carbon monoxide
has a higher absorbance per volume 15 percent than
carbon dioxide, the second wavenumber being a
wavenumber  where carbon dioxide has a higher
absorbance per volume percent than  carbon monoxide,
and the third wavenumber being a wavenumber where
carbon monoxide and carbon dioxide have a relatively
low absorbance per  volume percent; (b) determining
the absorption intensity carbon monoxide by 20
comparing the intensity of the infrared radiation at
the first and third  



wavenumbers; (c) determining the absorption intensity
of carbon dioxide by  comparing the intensity of the
infrared radiation at the second and third
wavenumbers; (d) determining the infrared absorption
intensity ratio of  carbon monoxide to carbon dioxide
in the gaseous product at the upper 25 portion of the
reactor by dividing the absorption intensity of step
(b) by the  absorption intensity of step (c); (e)
determining the desired infrared  absorption intensity
ratio of carbon monoxide to carbon dioxide in the
gaseous product at the upper portion of the reactor;
(f) calculating the  difference between the infrared
absorption intensity ratio of carbon monoxide 30 to
carbon dioxide in the gaseous product at the upper
portion of the reactor  and the desired infrared
absorption intensity ratio of carbon monoxide to
carbon dioxide in the gaseous product at the upper
portion of the reactor; and -11 WO 2004/104518
PCT/US2004/014861  (g) generating a signal which
corresponds to the difference calculated in step  (f)
and provides a feedback response to the fluidized bed
reactor to control  the temperature of the fluidized
bed reactor. 6. The process of Claim 5, wherein a
plurality of fluidized bed reactors produce  5 a
plurality of exhaust gas streams that are directed to
a single condenser. 7. The process of Claim 5, wherein
the manufacture of titanium tetrachloride  further
comprises the step of introducing a cool material into
the fluidized  bed reactor. 8. The process of Claim 6,
wherein the manufacture of titanium tetrachloride  10
further comprises the step of introducing a cool
material into each fluidized  bed reactor. 9. The
process of Claim 7, wherein the cool material
comprises titanium  tetrachloride. 10. The process of
Claim 8, wherein the cool material comprises titanium
15 tetrachloride. -12 


