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OPTIMIZING THE
PRODUCTION RATE OF SLURRY BUBBLE REACTORS
BY USING LARGE GAS FLOW RATES AND
MODERATE SINGLE PASS CONVERSION

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a process for the preparation of hydrocarbons from
synthesis gas, i.e., a mixture of carbon monoxide and hydrogen, typically labeled the
Fischer-Tropsch process. More particularly, this invention relates to slurry bubble reactors
that can maximize the production rate and/or reduce the reactor volume 1n a Fischer-Tropsch
process. Still more particularly, the present invention relates to a design criterion that
achieves a high conversion rate in a reduced reactor volume.

BACKGROUND

Large quantities of methane, the main component of natural gas, are available in
many areas of the world, and natural gas is predicted to outlast o1l reserves by a significant
margin. However, most natural gas 1s situated in areas that are geographically remote from
population and industrial centers. The costs of compression, transportation, and storage
make 1its use economically unattractive. To improve the economics of natural gas use, much
research has focused on the use of methane as a starting material for the production of
higher hydrocarbons and hydrocarbon liquids, which are more easily transported and thus
more economical. The conversion of methane to hydrocarbons 1s typically carmied out 1n
two steps. In the first step, methane 1s converted into a mixture of carbon monoxide and
hydrogen (i.e., synthesis gas or syngas). In a second step, the syngas 1s converted into
hydrocarbons.

This second step, the preparation of hydrocarbons from synthesis gas, 1s well known
in the art and is usually referred to as Fischer-Tropsch synthesis, the Fischer-Tropsch
process, or Fischer-Tropsch reaction(s). Fischer-Tropsch synthesis generally entails
contacting a stream of synthesis gas with a catalyst under temperature and pressure
conditions that allow the synthesis gas to react and form hydrocarbons.

More specifically, the Fischer-Tropsch reaction i1s the catalytic hydrogenation of
carbon monoxide to produce any of a variety of ranging from methane to higher alkanes,
olefins and oxygenated hydrocarbons, including aliphatic alcohols. Research continues on

the development of more efficient Fischer-Tropsch catalyst systems and reaction systems
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that increase the selectivity for high-value hydrocarbons in the Fischer-Tropsch product
stream.

There are continuing efforts to design reactors that are more effective at producing
these desired products. Product distribution, product selectivity, and reactor productivity
depend heavily on the type and structure of the catalyst and on the reactor type and
operating conditions. It is particularly desirable to maximize the production of high-value

liquid hydrocarbons, such as hydrocarbons with five or more carbon atoms per hydrocarbon
chain (Cs:). Components (Cs+) that boil at temperatures above 40°C, are herein defined as

“heavy components.” “Light components” are defined as materials that do not condense at
0°C or higher.
Onginally, the Fischer-Tropsch synthesis was operated in packed bed reactors.

These reactors have several drawbacks, such as temperature control, that can be overcome
by gas-agitated slurry reactors or slurry bubble column reactors. Gas-agitated multiphase
reactors sometimes called “slurry reactors” or “slurry bubble columns,” operate by
suspending catalytic particles in liquid and feeding gas reactants into the bottom of the
reactor through a gas distributor, which produces gas bubbles. As the gas bubbles rise
through the reactor, the reactants are absorbed into the hiquid and diffuse to the catalyst
where, depending on the catalyst system, they are converted to gaseous and liquid products.
The gaseous products formed enter the gas bubbles and are collected at the top of the
reactor. The liquid products are recovered from the suspending liquid by a variety of
techniques such as settling, filtration, magnetic separation techniques, hydrocyclones, etc.

Gas-agitated multiphase reactors inherently have very high heat transfer rates and,
therefore, reduced reactor cost. This and the ability to remove and add catalyst online are
some of the main advantages of such reactors as apphed to the Fischer-Tropsch synthesis,
which is exothermic. ‘

Sie and Knishna (Appl. Catalysis A: General, (1999) 186 55-70) give a history of the
development of various Fischer Tropsch reactors and the advantages of slurry bubble
columns over fixed bed reactors.

Much previous work has been aimed at optimization of the slurry bubble column
system for Fischer Tropsch and other chemistries. Wu and Gidaspow, (Chem. Eng. Sci,
2000, 55, 573-587) show examples of numerical simulations of hydrodynamics of Slurry
Bubble Column processes. Letzel, Schouten, Krishna and van den Bleek (Chem. Eng. Sci,
1999, 54, 2237-2246) developed a simple model for gas holdup and mass transfer at high

2
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pressure in a slurry bubble column. Maretto and Krishna (Catalysis Today (1999), 52, 279-
289), developed a two bubble class model that could be used to identify parameters for the
increase in the reactor productivity. Sanyel, Vasquez, Roy, and Dudukovic (Chem. Eng.
Sci. (1999), 54, 5071) and Pan, Dudukovic, and Chang (Chem. Eng. Sci., (1999), 54, 2481)
showed examples of computational fluid dynamic modeling and optimization of a slurry
bubble column reactor irrespective of the chemistry. Krishna, DeSwart, Ellenberger,
Martina, and Maretto (AIChE J. 1997, 43(2) 311) measured experimentally the increase in
gas holdup with an increase in the gas velocity and solid concentration in a slurry bubble
column in churn turbulent regime.

Considerable patent literature addresses the optimization of the Fischer Tropsch
Slurry Bubble Column reactor (SBCR) and the overall system. US 5,348,982 descnibes a
mode of operation for SBCR. US 6,060,524 and US 5,961,933 show that improved
operation can be obtained by introduction of hiquid recirculation.

Van der Laan, Beenackers, and Krishna (Chem. Eng. Sci. (1999), 54, 5013) showed
that for a Fischer Tropsch SBCR using an iron catalyst that the reactor conversion will
decrease and productivity will increase with increases in the inlet superficial gas velocity.
Jackson, Torczynski, Shollenberger, O’Hern, and Adkins (Proc. Annual Int. Pittsburgh Coal
Conf. (1996), 13™ (Vol 2) 1226) showed experimental evidence of the increase of gas hold
up with increase in the inlet superficial velocity in a SBCR for Fischer Tropsch synthesis.
Saxena (Cat. Rev. —Sci. Eng. (1995) 37, 227) also presents detailed experimental findings
and correlations for the optimization of a Fischer Tropsch SBCR. It 1s clear from all the
work in industry and academia that there is a need for an optimized Fischer Tropsch reactor
and reactor configuration.

Current commercial slurry reactors for the Fischer-Tropsch process are envisioned 1n
Choi, Kramer, Tam, and Fox (1996, paper presented at the 1997 Spring AIChE meeting) as
first and second stage slurry bubble columns where the number of reactors in the first stage
is twice the number in the second stage. An example of this configuration includes using
four slurry bubble reactors in parallel as a first stage and another two parallel reactors in a
second stage. Between the two stages a condenser 1s typically used to condense the heavy
components, and in some operations water, from the gas stream. High conversion rates are
achieved from this process. However, the costs associated with this design are high, due to
the number and size of reactors required. It is desirable to design a gas-agitated multiphase

reactor system that enables maximum reactor productivity or minimized reactor volume.
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The performance of a SBCR is a combined result of reaction kinetics, heat and mass
transfer, and multiphase hydrodynamics. At a given reactor geometry and operating
conditions, the productivity of an SBCR is related to the catalyst activity. For a given
catalyst, and therefore a given activity, the reactor productivity changes with the gas flow
rate at the reactor inlet. As illustrated in Fig. 1, a high gas flow rate corresponds to a high
gas holdup in the reactor. Increased gas holdup would reduce the slurry volume in the
reactor. The conversion also decreases with linear velocity in other reactors like fixed bed
ones, as a result of contact time, as well as reduced liquid volume as a result of increased gas
holdup. Therefore the conversion in the reactor decreases with an increase 1n superficial inlet
gas velocity even faster than what would be expected if the liqmd volume remained
constant, as shown in Fig. 2. On the other hand, the high gas flow rate gives a large gas-
liquid contact area, contributing to a high productivity, as shown in Fig. 3. An optimum
solution can be found based on the facts that the conversion decreases and the productivity
increases with the increase of inlet gas flow rate. Previous work has not examined closely
the interaction between reactor variables and the way in which the overall reactor syste;n 1S
configured.

SUMMARY OF THE INVENTION

The present invention provides a gas-agitated multiphase reactor system that 1s

effective for enabling maximum reactor productivity and/or minimizing reactor volume. An
exemplary minimized reactor volume 1s less than 0.02 m" total reactor volume/(kg Cs./hr
production). Total reactor volume is defined by the following equation: V = d*/4hm,
wherein V is the total reactor volume (including the cooling coils), d 1s the reactor shell
diameter (the inner diameter of the reactor not subtracting the size of the cooling coils), and
h is the expanded slurry height. The expanded slurry height 1s the total slurry height when
gas is fed into the reactor, typically about 70-90% of the total vessel height. In accordance
with a preferred embodiment, the present reactor system comprises at least two stages with
or without recycle, wherein inlet gas superficial velocity 1s at least 20 cm/sec, wherein
syngas conversion in each stage or reactor is less than 60%, and wherein overall syngas
conversion is at least 84% when there are two stages and at least about 90% when there are
three or more stages. Superficial velocity 1s defined herein as the superficial gas velocity
using the inlet reactor conditions. The cross sectional area 1s determined from the overall
cross section using the outer reactor diameter, and not taking into account the cross sectional

area that is used for heat transfer. Reactor production rate is defined herein as the amount of
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hydrocarbons produced by a reactor per hour of an operation, typically given in grams per
hour, pounds per hour, or barrels per day. Altematively, productivity of a reactor can be
expressed in terms of either grams of Cs; hydrocarbon/hr/gram of catalyst or kilograms Cs.
hydrocarbon/hr/m® expanded catalyst bed. For example, in some embodiments, the Cs.
productivity for each reactor is at least 0.2 grams of Cs. hydrocarbon/hr/gram of catalyst. In
other embodiments, the overall Cs+ volumetric production rate is greater than about 50
kilograms Cs hydrocarbon/hr/m’ total reactor volume.

An alternate embodiment of the present invention includes a method for minimizing
the volume of slurry bubble reactor systems by providing at least two stages with or without
recycle, wherein inlet gas superficial velocity is at least 20 cm/sec, syngas conversion In
each stage or reactor is less than 60% and overall syngas conversion is at least 84% when
there are two stages and at least about 90% when there are three or more stages.

Another alternate embodiment of the present invention includes a method for
maximizing the production rate of slurry bubble reactor systems by providing at least two
stages with or without recycle, wherein inlet gas superficial velocity 1s at least 20 cm/sec,
syngas conversion in each stage or reactor 1s less than 60% and overall syngas conversion 1s

at least 84% when there are two stages and at least about 90% when there are three or more

stages.
BRIEF DESCRIPTION OF THE DRAWINGS

For a detailed description of the preferred embodiments of the present invention,
reference will now be made to the accompanying Figures, wherein:

Figure 1 is a plot 1llustrating increasing gas holdup with increasing of superficial gas
velocity;

Figure 2 1s a plot illustrating decreasing syngas conversion with increasing of
superficial gas velocity;

Figure 3 is a plot illustrating increasing productivity with increasing of superficial
gas velocity;

Figure 4 1s a schematic 1llustration of a conventional slurry reactor setup (prior art);
Figure 5 is a schematic illustration of a preferred embodiment of the present

invention; and
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Figure 6 1s a schematic illustration of another preferred embodiment of the present

Invention.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

It has been discovered that, in a gas-agitated slurry reactor or slurry bubble column
reactor, a maximum reactor productivity or a minimum reactor volume can be achieved by
selecting a large gas flow rate and a relatively low conversion per gas pass. The unreacted
gas can be either fed to another reactor or be recycled back to the mix with the inlet gas
stream. A high gas flow rate gives a high mass-transfer rate and a large gas-liquid contact
area. All these effects can increase the reactor productivity.

Referring initially to Figure 4, and beginning at the lower left end of the drawing, a
conventional system 400 preferably includes a first stage of slurry reactors in parallel 410, a
condensing stage 415 between first stage 410 and second stage 420, and a second stage of
slurry reactors in parallel 420. First stage 410 preferably comprises four slurry reactors 412,
414, 416, and 418. Second stage 420 comprises two slurry reactors 422 and 424. A system
like this i1s typically run at about 70% syngas per pass conversion in each reactor and
provides about 90% overall syngas conversion.

Refernng now to Figure 5, one preferred embodiment of the invention includes a
system 500 comprising a first stage of slurry reactors in parallel 510, a second stage of slurry
reactors 520, a third stage of slurry reactors 530, and a fourth stage of slurry reactors 540, a
condensing stage 515 between first stage 510 and second stage 520, a condensing stage 525
between second stage 520 and third stage 530, and a condensing stage 535 between the third
stage 530 and fourth stage 540. In the embodiment shown, first stage 510 preferably
comprises two slurry reactors 512 and 514; second stage 520 preferably comprises one
slurry reactor 522; and third stage 530 and fourth stage 540 each comprise preferably one
slurry reactor 532 and 542 respectively. It will be understood that each stage could
comprise more reactors than the number shown, to provide, for example, a larger production
capacity. The embodiments tllustrated herein have been selected for ease of comparison and
discussion only and are not intended to be limiting.

Figure 6 represents another preferred embodiment of the current invention. It
includes a system 600 comprising a first stage of slurry reactors in parallel 610, a second
stage of slurry reactors in parallel 620, and a third stage of slurry reactors 630, a condensing
stage 615 between first stage 610 and second stage 620, and a condensing stage 625 between
second stage 620 and third stage 630. First stage 610 preferably comprises two slurry

6
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reactors 612 and 614. Second stage 620 preferably comprises two slurry reactors 622 and
624. Third stage 630 preferably comprises one slurry reactor 632. Again, 1t will be
understood that each stage could comprise more reactors than the number shown.

Operation

In a preferred mode of operation, the reactor in present Fischer-Tropsch systems
contain catalysts material and are charged with feed gases comprising hydrogen or a
hydrogen source and carbon monoxide. H2/CO mixtures suitable as a feedstock for
conversion to hydrocarbons according to the process of this invention can be obtained from
light hydrocarbons such as methane by any suitable means such as steam reforming or
partial oxidation. The hydrogen is preferably provided by free hydrogen, although some
Fischer-Tropsch catalysts have sufficient water gas shift activity to convert some water to
hydrogen for use in the Fischer-Tropsch process. It i1s preferred that the mole ratio of
hydrogen to carbon monoxide in the feed be greater than 0.5:1 (e.g., from about 0.67:1 to
2.5:1). The feed gas may also contain carbon dioxide or other compounds that are inert
under Fischer-Tropsch reaction conditions, including but not limited to nmtrogen, argon, or
light hydrocarbons. The feed gas stream should contain a low concentration of compounds
or clements that have a deleterious effect on the catalyst. The feed gas may need to be
treated to ensure low concentrations of sulfur or nitrogen compounds such as hydrogen
sulfide, ammomnia and carbonyl sulfides.

The feed gas 1s contacted with the catalyst in a reaction zone in each reactor.
Mechanical arrangements of conventional design may be employed as the reaction zone.
The size of the catalyst particles may vary depending on the reactor in which they are to be
used. Also, water partial pressure should be kept to a minimum. The water partial pressure is
calculated as the mole fraction of water in the reactor outlet gas multiplied by the total outlet
pressure of the reactor in a particular stage.

The process 1s typically run in a continuous mode. In this mode, typically, the gas
hourly space velocity through the reaction zone may range from about 100 volume of gas /
hr / volume of expanded catalyst bed (v/hr/v) to about 10,000 v/hr/v, preferably from about
300 v/hr/v to about 2,000 v/hr/v. The reaction zone temperature 1s typically in the range
from about 160°C to about 300°C. Preferably, the reaction zone is operated at conversion
promoting conditions at temperatures from about 190°C to about 260°C. The reaction zone

pressure 1s typically in the range of about 80 psig (653 kPa) to about 1000 psig (6994 kPa),
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preferably, from 80 psig (653 kPa) to about 600 psig (4237 kPa), more preferably, from
about 140 psig (1066 kPa) to about 500 psig (3572 kPa).

The reaction products will have a large range of molecular weights. Typical Fischer-
Tropsch catalysts are useful for making hydrocarbons having five or more carbon” atoms,
especially when the above-referenced space velocity, temperature and pressure ranges are
employed.

The wide range of hydrocarbon species produced 1n the reaction zone will typically
result in gas and liquad phase products at the reaction zone operating conditions. Therefore,
the effluent stream of the reaction zone will often be a mixed phase stream. The effluent
stream of the reaction zone may be cooled to effect the condensation of additional amounts
of hydrocarbons and passed into a vapor-liquid separation zone. The vapor phase matenal
may be passed into a second stage of cooling for recovery of additional hydrocarbons. The
liquid phase material from the initial vapor-liquid separation zone together with any liquid
from a subsequent separation zone may be fed into a fractionation column. Typically, a
stripping column is employed first to remove light hydrocarbons such as propane and
butane. The remaining hydrocarbons may be passed into a fractionation column wherein
they are separated by boiling point range into products such as naphtha, kerosene and fuel
olls. Hydrocarbons recovered from the reaction zone and having a boiling pomnt above that
of the desired products may be passed into conventional processing equipment such as a
hydrocracking zone in order to reduce their molecular weight. The gas phase recovered
from the reactor zone effluent stream after hydrocarbon recovery may be partially recycled
if it contains a sufficient quantity of hydrogen and/or carbon monoxide, or may be recycled

to one Oor more syngas reactors.

Example

The following example illustrates how the present invention achieves conversion
rates comparable to current commercial slurry reactors for the Fischer-Tropsch process at a
lower cost by maximizing reactor productivity or a minimizing reactor volume.

Referring back to Figure 4, a conventional Fischer-Tropsch process system 400 is
designed to use four slurry bubble reactors in parallel in first stage 410 and another two
parallel reactors in second stage 420. Between the two stages condensing stage 415 1s used
to condense the heavy components, and in some instances water, that are present in the gas

stream. The superficial gas velocity at the reactor inlet and the syngas conversion are 23.0
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cm/s and 73.8% in first stage 410 and 27.2 cm/s and 61.7% in second stage 420,
respectively. An overall conversion of about 90% 1s achieved in this system.

Referring now to Figure 5, a preferred embodiment of the present invention is
designed to use two slurry bubble reactors 1n parallel in first stage 510 and another three
slurry bubble reactors in second, third and fourth stages 520, 530, and 540, respectively.
Condensing stage 515, between first and second stages, condensing stage 525, between
second and third’ stages, and condensing stage 535, between third and fourth stages condense
heavy components in the gas stream. In some instances, the condensing stages also condense
water from their respective streams. The unreacted gas from the two reactors in first stage
510 1s fed into second stage 520, from where 1t 1s fed into third stage 530, and finally fourth
stage 540. A preferred system achieves a similar overall syngas conversion. This process is
completed in five reactors instead of the six reactors required in the system of Figure 1.
Expected values for the inlet superficial gas velocity and syngas conversion in the four

stages of system 500 are listed in Table 1.

Table 1
Stage Reactor Superficial Gas Syngas
| Velocity (cm/s) | conversion(%)
1 512 and 514 46.1 52.8
2 522 65.5 39.8
3 532 56.0 41.8
4 | 542 50.0 41.6

Total Conversion

Similarly, increasing the productivity or reducing the reactor volume can be
achieved by selecting a large gas flow rate and moderate single pass conversion with the
unreacted gas recycled back to mix with the inlet gas stream.

Without further elaboration, it is believed that one skilled in the art can, using the
description herein, utilize the present invention to its fullest extent. The embodiments
described herein are to be construed as 1llustrative, and not as constraining the remainder of

the disclosure in any way whatsoever.
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CLAIMS:
1. A gas agitated multiphase reactor system for Fischer-Tropsch synthesis
comprising:

at least two reactor stages, each stage comprising at least one reactor receiving
a gaseous feed at an 1nlet gas superficial gas velocity and producing a product stream:;

wherein the inlet gas superficial velocity in each reactor 1s at least 20 cm/sec;
and

wherein overall syngas conversion for the reactor system is at least about 84%
and syngas per pass conversion in each reactor stage is less than 60%; and

wherein the overall Cs, volumetric production rate is greater than about 50

kilograms Cs. hydrocarbon/hr/m’ expanded catalyst bed.

2. The system of claim 1 wherein a portion of the product stream from at least

one reactor 1s recycled 1nto one of the reactors.

3. The system of claim 1 wherein no portion of the product stream from either

reactor 1s recycled into one of the reactors.

4, The system of claim 1, further comprising a condensing stage between at least
one stage and a consecufive stage, said condensing stage optionally condensing

water.

5. The system of claim 4, wherein the condensing stage condenses the heavy
components 1 at least a first portion of the product stream and allows the
uncondensed light components of said first portion of the product stream to continue
as an uncondensed gaseous stream, wherein said uncondensed gaseous stream 1s not

recycled to a reactor.
6. The system of claim 4 wherein condensers condense the heavy components in

at least a first portion of the product stream and the uncondensed light components of

said first portion of the product stream are recycled into a reactor.

10
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7. The system of claim 1 wherein the water partial pressure in each reactor 1s less

than 150 psig.

8. The system of claim 1 wherein the Cs; productivity for each reactor 1s at least

0.2 grams of Cs, hydrocarbon/hr/gram of catalyst.

9. The system of claim 1 including at least three reactor stages, wherein syngas
conversion in each reactor stage 1s less than 60% and overall syngas conversion is at

least about 90%.

10. A method for operating a gas-agitated multiphase reactor system converting
syngas to hydrocarbons, comprising;

providing at least first and second reactor stages, each stage comprising at
least one reactor, wherein each reactor receives a syngas-containing feed stream and
produces a product stream; and

operating each reactor such that overall syngas conversion 1s at least about
84% and syngas per pass conversion in each reactor stage is less than 60%; and

wherein the overall Cs; volumetric production rate i1s greater than about 50

kilograms Cs, hydrocarbon/hr/m’ expanded catalyst bed.

11.  The method of claim 10 wherein a portion of the product stream from at least

one reactor 1s recycled into one of the reactors.

12.  The method of claim 10 wherein no portion of the product stream from either

reactor 1s recycled into one of the reactors.

13.  The method of claim 10, further comprising condensing at least a portion of

the product stream from the first reactor between said first and second stages so as to
produce a condensed stream and a gaseous remainder stream, wherein the syngas-
containing feed stream into the second reactor comprises at least a portion of the

gaseous remainder stream.

11
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14.  The method of claim 13, wherein the condensing step condenses the heavy
components in the gas stream and the light components continue in the gas stream

and are not recycled into either reactor stage.

15. The method of claim 13 wherein the condensing step condenses the heavy
components in at least a portion of the gas stream and the light components of said

portion of the gas stream are recycled into at least one reactor stage.

16. The method of claim 15, wherein at least three reactor stages are used and the
amount of recycle is controlled so as to obtain an overall syngas conversion of at

least about 90%.

17.  The method of claim 10 wherein the Cs, productivity for each reactor 1s at

least 0.20 grams of Cs, hydrocarbon/hr/gram of catalyst.

18.  The method of claim 10 wherein the water partial pressure in each reactor 1s

less than 150 psig.

19. A method for maximizing the production rate of a gas-agitated multiphase
reactor system comprising:

providing at least two reactor stages, each stage comprising at least one
reactor receiving an Inlet stream and generating a product stream, wherein each
reactor has an inlet gas superficial velocity of at least 20 cm/sec; and

operating each reactor stage such that overall syngas conversion for the

reactor system 1s at least about 84%, while syngas per pass conversion 1n each reactor
1S less than 60%: and

wheremn the overall Cs, volumetric production rate 1s greater than about 50

kilograms Cs, hydrocarbon/hr/m’ expanded catalyst bed.

20.  The method of claim 19 wherein a portion of the product stream from at least

one reactor 1s recycled 1nto one of the reactors.
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21.  The method of claim 19 wherein no portion of the product stream from either

reactor 1s recycled into one of the reactors.

22.  The method of claim 19, further condensing at least a portion of at least one

product stream, said condensing step optionally condensing water.

23.  The method of claim 22, wherein the condensing step condenses the heavy
components in at least a portion of the gas stream and the light components of said
portion of the gas stream continue in the gas stream and are not recycled into a

reactor.

24.  The method of claim 22, wherein the condensing step condenses the heavy
components 1n at least a portion of the gas stream and the light components of said

portion of the gas stream are recycled into at least one reactor stage.

25.  The method of claim 19 wherein the water partial pressure in each reactor is

less than 150 psig.

26.  The method of claim 19 wherein the Cs, productivity in each reactor 1s at least

0.20 grams of Cs, hydrocarbon/hr/gram of catalyst.

27.  The method of claim 26, wherein three reactor stages are used, further

including controlling the amount of recycle so as to obtain an overall syngas

conversion of at least about 90%.

28.  The method of claim 10 wherein each reactor has an inlet gas superficial

velocity of at least 20 cm/sec.

RIDOUT & MAYBEE LLP

Toronto, Canada
Patent Agents
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