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FEED SPARGER DESIGN FOR AN AMMOXIDATION REACTOR
Background

In the commercial manufacture of acrylonitrile, propylene, ammonia and oxygen are

reacted together according to the following reaction scheme:

CH,=CH-CH; + NH3 + 3/2 O, —» CH,=CH-CN + 3 H,O
This process, which is commonly referred to as ammoxidation, is carried out in the gas phase at
elevated temperature in the presence of a suitable fluid bed ammoxidation catalyst.

Fig. 1 illustrates a typical ammoxidation reactor used to carry out this process. As shown
there, reactor 10 comprises reactor wall 12, air grid 14, feed sparger 16, cooling coils 18 and
cyclones 20. During normal operation, process air is charged into reactor 10 through air inlet 22,
while a mixture of propylene and ammonia is charged into reactor 10 through feed sparger 16.
The flow rates of both are high enough to fluidize a bed 24 of ammoxidation catalyst in the
reactor interior, where the catalytic ammoxidation of the propylene and ammonia to acrylonitrile
occurs.

Product gases produced by the reaction exit reactor 10 through reactor effluent outlet 26.
Before doing so, they pass through cyclones 20, which remove any ammoxidation catalyst these
gases may have entrained for return to catalyst bed 24 by diplegs 25. Ammoxidation is highly
exothermic, and so cooling coils 18 are used to withdraw excess heat and thereby keep the
reaction temperature at an appropriate level.

Propylene and ammonia can form explosive mixtures with oxygen. However, at normal
operating temperatures, explosions are prevented inside reactor 10 by the fluidized
ammonization catalyst, which preferentially catalyzes the ammoxidation reaction before an
explosion can occur. Accordingly, reactor 10 is designed and operated so that the only place
process air is allowed to contact propylene and ammonia during normal operation is within the
fluidized bed of ammoxidation catalyst 24, and then only when the temperature of the catalyst is
high enough to catalyze the ammoxidation reaction.

For this purpose, the traditional way in which propylene and ammonia are fed to reactor
10 uses a feed sparger system 16 such as illustrated in U.S. 5, 256,810, the disclosure of which is
incorporated herein by reference. As shown in Figs. 1 and 2 of the ‘810 patent, which are
reproduced as Figs. 2 and 3 of this document, feed sparger 16 takes the form of a series of supply

pipes or conduits including main header 30 and laterals 32 attached to and branching out from
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header 30. A system of downwardly facing feed nozzles 34 is defined in header 30 and laterals
34 through which a mixture of propylene and ammonia is charged during normal reactor
operation.  The number and spacing laterals 32 and feed nozzles 34 is such that, in the
aggregate, about 10 to 30 feed nozzles per square meter are located approximately uniformly
across the entire cross-sectional area of reactor 10.

Normally, each feed nozzle 34 is surrounded by a feed shroud 36, which takes the form a
short section of conduit having an inside diameter several times larger than the diameter of
nozzle 34. Feed shrouds 34 enable the velocity of gas passing out of nozzles 10 to slow
considerably before exiting into catalyst bed 24, which prevents disintegration of the catalyst
which might otherwise occur.

Process air typically enters catalyst bed 24 (Fig. 1) after passing through air grid 14,
which is located below feed sparger 16. As well known, air grid 14 typically takes the form of a
continuous metal sheet which defines a series of air holes or nozzles therein. The diameter of the
air nozzles, the mass flow rate of process air passing through air grid 14 and the mass flow rate
of the propylene/ammonia mixture passing through feed sparger 16 are selected so that the
ammoxidation catalyst in catalyst bed 24 is fully fluidized by these gases during normal
operation.

Air nozzles are typically provided with their own protective air shrouds (not shown),
which are normally located below air grid 14. In addition, in many cases, feed nozzles 34 are
provided in a one-to-one relationship with the air nozzles in air grid 14, with each feed shroud 36
being aimed directly at its corresponding air nozzle to promote rapid and thorough mixing of the
gases passing out of these two different nozzles. See, U.S. 4,801,731.

Although propylene/ammonia feed systems of this general type work well, they do suffer
certain disadvantages. For example, because of constant exposure to ammonia at high
temperature, the metal forming feed sparger 16 undergoes nitriding over time. As a result,
individual sections of feed sparger 16, and sometimes the entire feed sparger, need to be replaced
from time to time. This can be very expensive, especially since the reactor must be completely
shut down while this is being done.

A second problem associated with this type of propylene/ammonia feed system is non-
uniformity of operation. This not only adversely affects the productivity of the system but also

contributes to non-uniform nitriding, which further exacerbates the nitriding problem.
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Summary

In accordance with this invention, a new feed sparger design is provided which
substantially reduces these problems, and in some instances eliminates them substantially
completely.

In accordance with one feature of this new sparger design, a gas-tight quick-disconnect
fitting is used to attach the main header conduit of the sparger to the wall of the reactor through
which the main header conduit passes, or to connect the various conduits forming the feed
sparger to one another, or both. As a result of this feature, the time and labor needed to replace
some or all of the feed sparger, when this becomes necessary due to excessive nitriding, is
reduced substantially.

In accordance with another feature of this new sparger design, the relative diameters of
feed nozzles 34 are increased slightly as the travel path from the inlet of the feed sparger to each
feed nozzle increases. As a result of this feature, the mass flow rate of the ammonia containing
feed mixture passing through each feed nozzle is made more nearly uniform from feed nozzle to
feed nozzle. This, in turn, leads to more nearly uniform operation from region to region inside
the reactor, which enables productivity to be maximized. This feature also minimizes catalyst
back up, i.e., contamination of the feed sparger with catalyst during start-up, shut-down and even
normal operation, by ensuring a proper flow rate of gasses through the sparger feed nozzles at all
times.

In accordance with a further feature of this new sparger design, the diameters of laterals
32 are decreased from their proximal ends to their distal ends, i.e., from their ends connected to
the main header conduit to their ends remote from the main header conduit. As a result of this
feature, the velocity of the ammonia containing feed mixture flowing through these laterals is
kept high enough along their entire lengths, and especially at their distal ends, to sweep any
ammoxidation catalyst that may be present to the next feed nozzle 34 for discharge from the
lateral interior through this feed nozzle.

In accordance with still another feature of this new design, feed sparger 16 is subdivided
into multiple feed sparger sections, each of which has its own inlet port for receiving an
ammonia containing feed from outside the reactor. As a result of this feature, better control of
the reactor from region to region can be achieved, because a separate control system can be used

to monitor and control operations in each feed sparger section individually.
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Thus, this invention in one embodiment provides an improved sparger for use in
supplying an ammonia containing feed mixture from outside an ammoxidation reactor, through a
reactor wall of the reactor and into a fluidized bed of ammoxidation catalyst inside the reactor,
the improved sparger comprising a main header conduit, a sparger inlet in fluid communication
with the main header conduit, the sparger inlet being rigidly attached to the reactor wall, and
multiple lateral sparger conduits in fluid communication with the main header sparger conduit,
the lateral sparger conduits defining feed nozzles for discharging propylene/ammonia feed
mixture into the fluidized bed of ammoxidation catalyst, wherein the sparger inlet is rigidly
attached to the reactor wall by means of a gas-tight quick-disconnect fitting.

In another embodiment, this invention provides an improved sparger for use in supplying
an ammonia containing feed mixture from outside an ammoxidation reactor, through a reactor
wall of the reactor and into a fluidized bed of ammoxidation catalyst inside the reactor, the
improved sparger comprising a main header conduit, a sparger inlet in fluid communication with
the main header conduit, and multiple lateral sparger conduits in fluid communication with the
main header sparger conduit, the lateral sparger conduits defining feed nozzles for discharging
the ammonia containing feed mixture into the fluidized bed of ammoxidation catalyst, wherein at
least some of the lateral sparger conduits are attached to the main header conduit by respective
gas-tight quick-disconnect fittings.

In still another embodiment, this invention provides an improved sparger for use in
supplying an ammonia containing feed mixture from outside an ammoxidation reactor, through a
reactor wall of the reactor and into a fluidized bed of ammoxidation catalyst inside the reactor,
the improved sparger comprising a main header conduit, a sparger inlet in fluid communication
with the main header conduit, and multiple lateral sparger conduits in fluid communication with
the main header sparger conduit, each lateral sparger conduit defining feed nozzles for
discharging the ammonia containing feed mixture into the fluidized bed of ammoxidation
catalyst, wherein the feed nozzles have at least two different sizes, with the smaller feed nozzles
being located closer to the sparger inlet and the larger nozzles being located farther away from
the sparger inlet as determined by the distance the propylene/ammonia feed mixture travels
through the sparger from the sparger inlet to each nozzle.

In a further embodiment, this invention provides an improved sparger for use in

supplying an ammonia feed mixture from outside an ammoxidation reactor, through a reactor
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wall of the reactor and into a fluidized bed of ammoxidation catalyst inside the reactor, the
improved sparger comprising a main header conduit, a sparger inlet in fluid communication with
the main header conduit, and multiple lateral sparger conduits, each lateral sparger conduit
having a proximal end in fluid communication with the main header conduit and a distal end
remote from the main header conduit, each lateral sparger conduit further defining feed nozzles
for discharging the ammonia containing feed mixture into the fluidized bed of ammoxidation
catalyst, wherein the diameters of at least some of the lateral sparger conduits decrease from their
proximal ends to their distal ends.

In yet another embodiment, this invention provides an improved sparger for use in
supplying an ammonia containing feed mixture from outside an ammoxidation reactor, through a
reactor wall of the reactor and into a fluidized bed of ammoxidation catalyst inside the reactor,
the improved sparger comprising a main header conduit, a sparger inlet in fluid communication
with the main header conduit, and multiple lateral sparger conduits in fluid communication with
the main header sparger conduit, the lateral sparger conduits defining feed nozzles for
discharging the ammonia containing feed mixture into the fluidized bed of ammoxidation
catalyst, wherein the improved sparger is composed of multiple feed sparger sections arranged
inside the reactor, each feed sparger section having its own sparger inlet for receiving the
ammonia containing feed from outside the reactor, its own main header conduit and its own
system of lateral sparger conduits.

Brief Description of the Drawings

This invention may be better understood by reference to the following drawings wherein:

Fig. 1 is a schematic view showing the reactor section of a conventional ammoxidation
reactor used for making acrylonitrile;

Fig. 2 is a plan view showing the underside of the convention sparger system of the
ammoxidation reactor of Fig. 1;

Fig. 3 is a cross sectional view taken on line 3-3 of Fig 2, Fig. 3 showing the feed nozzles
and associated feed shrouds of the conventional sparger system of Fig 2;

Fig. 4 is a sectional view illustrating the manner in which the main header conduit of the
feed sparger of a commercial ammoxidation reactor penetrates and is connected to the side wall

of the reactor;
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Fig. 5 is a sectional view similar to Fig. 4, illustrating one feature of this invention in
which the main header conduit of the feed sparger penetrates and is connected to the side wall of
the reactor by means of a gas-tight quick-disconnect coupling;

Fig. 6 is a side view of the gas-tight, quick-disconnect coupling of Fig. 5;

Fig. 7 is a cross-sectional view similar to Fig. 2, illustrating another feature of this
invention in which the sparger lateral conduits are connected to the main header conduit of the
sparger by means of gas-tight quick-disconnect couplings;

Fig. 8 is a plan view illustrating the gas-tight quick-disconnect couplings of Fig. 7 in
more detail;

Figs. 9A and 9B are lateral cross sectional views of a sparger lateral conduit used in
accordance with still another feature of this invention, illustrating how the diameter of this lateral
decreases as the distance from the sparger header conduit increases;

Figs. 10A, 10B and 10C are transverse cross-sectional views of the sparger lateral
conduit of Fig. 9 further illustrating how the diameter of this lateral decreases as the distance
from the sparger header conduit increases;

Figs. 11A, 11B, 11C and 11D are vertical cross-sectional of a sparger lateral end-cap
used in accordance with still another feature of the inventive sparger system; and

Fig. 12 is a plan view illustrating still another feature of this invention in which the feed
sparger of the acrylonitrile reactor is subdivided into multiple feed sparger sections.

DETAILED DESCRIPTION
Definitions

As used herein, “fluid communication” refers to a connection or conduit effective for
allowing the same liquid or vapor to pass from one area to another.

As used herein, “releasably secured” refers to a non-welded connection that allows items
to be disconnected by non-destructive means. For example, releasably secured may refer to
bolts, fanged bolts, bolted flanges and combinations thereof.

As used herein, “ammonia containing feed mixture” refers to a blend of ammonia and
saturated and/or unsaturated C3 to C4 hydrocarbons. Saturated and/or unsaturated C3 to C4

hydrocarbons may include propane, propylene, butane, butylene, and mixtures thereof.
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Quick Disconnect Couplings

As indicated above, a significant problem encountered in the operation of a commercial
acrylonitrile reactor is the failure of the feed sparger over time due to nitriding of the metal from
which it is formed. To solve this problem, it has already been proposed to make the sparger from
nitride resistant alloys such as shown in U.S. 3,704,690, U.S. 4,401,153, U.S. 5,110,584 and EP
0 113 524. Unfortunately, this solution has proven to be unsuccessful for use in commercial
acrylonitrile reactors due to certain problems which are unique to a fluidized bed catalytic
ammoxidation reaction as well as reasons of cost.

Meanwhile, U.S. 5,256,810 describes a process for substantially eliminating nitriding of
the sparger in a commercial acrylonitrile reactor by maintaining the temperature of the ammonia
inside the sparger low enough to prevent nitriding from occurring through the use of a specially
designed blanket of thermal insulation. However, this solution has also proven to be
unsatisfactory because of cost and complicated design.

In accordance with this feature of the invention, this problem of sparger failure over time
due to metal nitriding is dealt with by adopting a sparger design which enables individual
sections of the sparger, as well as the entire sparger as a whole, to be replaced quickly and easily.
Although it is still necessary to shut down the acrylonitrile reactor when this replacement is
done, the time it takes to accomplish this replacement is shortened considerably with respect to
conventional practice. As a result, the overall cost for dealing with this nitriding problem on a
continuing basis, both in terms of lost production time as well as manpower costs, is reduced
significantly.

Figs. 4, 5 and 6 illustrate one feature of this invention in which this sparger nitriding
problem is dealt with by using a gas-tight, quick disconnect coupling to connect the inlet of the
sparger system to the outer wall of the ammoxidation reactor. In the particular embodiment
shown in these figures, an end of main header 30 is directly attached to wall 40 of reactor 10. In
this design, therefore, this header end constitutes inlet 31 of sparger section 16. In other designs,
intermediate piping can be used to connect sparger inlet 31 to header 30. For convenience, this
feature of the invention will be described in connection the reactor design shown in Figs. 4, 5
and 6. However, it will be appreciated that this feature and its advantages are equally applicable
to other reactor designs such as those, for example, in which sparger inlet 31 is separated from

main header 30 by intermediate piping.
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As shown in Fig. 4, the conventional way of attaching sparger inlet 31 of feed sparger 16
to the wall 40 of reactor 10 is by welding. Accordingly, when main header conduit 30 needs to
be replaced, a welding repair approach must be adopted in which the portion of reactor wall 40
immediately surrounding main header conduit 30 is cut out by welding, the opening in reactor
shell 12 formed thereby repaired by welding in a suitable patch, and a new main header conduit
30 installed in the repaired reactor wall 40 also by welding. This requires a significant amount of
labor on-site, as well as additional materials, which can be expensive.

In accordance with this feature of the invention, this problem is avoided by adopting a
gas-tight, quick disconnect coupling design for attaching main header conduit 30 to reactor wall
40. An example of such coupling is shown in Figs. 5 and 6, which shows “manhole” 42 in the
form of a cylindrical sleeve 44, a first side of which is permanently welded in a gas-tight manner
to periphery 46 of permanent opening 48 formed in reactor wall 40. The other or second side of
cylindrical sleeve 44 carries flange 50, which defines a series of through holes for receiving bolts
52 therein. Meanwhile, collar 54 in the form of a flat circular plate is permanently welded in a
gas-tight manner to the outside of main header conduit 30. In addition, collar 54 also defines a
series of through holes 56 which correspond to the through holes in flange 50 of manhole 42.

With this structure, main header conduit 30 can be releasably secured to reactor wall 40
of reactor 10 in a gas-tight manner simply by bolting collar 54 of main header conduit 30 to
flange 50 of manhole 42. In the same way, main header conduit 30 can be detached from
reactor wall 40 simply by unbolting collar 54 from flange 50. Accordingly, replacement of an
existing main header 30 which has become unusable due to excessive nitriding can be
accomplished simply and easily through a simple unbolting and rebolting process. Because no
on-site welding is required, this replacement procedure is much easier and less expensive to
carry out than the welding repair approach which is conventionally done.

Figs. 2, 7 and 8 illustrate another feature of the invention in which gas-tight, quick-
disconnect couplings are used to deal with the problem of sparger lateral nitriding. As shown in
Fig. 2, the conventional way in which lateral conduits (or “laterals) 32 are attached to main
header conduit (or “header”) 30 is by welding. Accordingly, when individual laterals 32 need to
be replaced due to excessive nitriding, a welding repair approach is adopted in which the old

lateral are detached from main header conduit 30 by welding or other suitable cutting techniques
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and a new lateral attached to main header conduit 30 by welding. This also requires a significant
amount of on-site labor, which is expensive.

In accordance with this feature of the invention, this problem is avoided by adopting a
gas-tight, quick disconnect coupling design for attaching each lateral 32 to main header conduit
30.  This is illustrated in Figs. 7 and 8§, which show gas-tight, quick disconnect couplings 60
being used to connect each lateral 32 to main header conduit 30 of sparger system 16. Although
these figures show each lateral being directly connected to main header conduit 30, it will be
appreciated that one or more of these laterals can be indirectly connected to main header conduit
30 such as by means of intermediate piping (not shown).

Gas-tight, quick disconnect couplings 60 are couplings in which the mating parts, i.e., the
parts that come together when the connection is made and which move apart with the connection
is broken, are specially designed to be jointed to one another by mechanical means only, i.e.,
without welding or adhesive. Gas-tight, quick disconnect couplings are also designed to remain
tightly sealed at high temperature conditions such as those encountered during normal operations
of a typical commercial ammoxidation reactor, as well as during the temperature cycling that
occurs when such a reactor is started up and shut down. An example of a commercially-
available coupling which is suitable for this purpose is the Grayloc metal-to-metal bore seal
clamp connectors available from Grayloc Products of Houston, Texas. Another example of a
commercially-available coupling which is suitable for this purpose is the Techlok Clamp
Connector available from the Vector group of Freudenberg Oil & Gas Technologies of Houston,
Texas. Still another example of a commercially-available coupling which is suitable for this
purpose is the G-Lok® Clamp Connector available from Australasian Fittings & Flanges of
Osborne Park, WA, Australia. Conventional flanged connections are less desirable for this use,
as they are prone to leakage due to temperature cycling during reactor operation.

Fig. § illustrates the structure of a typical gas-tight, quick disconnect coupling 60
including the manner in which it interconnects lateral 30 to main header conduit 30. As shown
there, coupling 60 is formed from clamp assembly 62 which receives and holds together hubs 64
and 66, which are carried on the facing ends 68 and 70 of lateral 32 and header nipple 72. When
secured in place by bolts 73, clamp assembly 62 causes a metal sealing ring (not shown) to be
secured between, and to sealingly engage, hubs 64 and 66, thereby forming a gas-tight seal
between lateral 32 and header 30.
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By using gas-tight, quick disconnect couplings 60, each lateral 32 can be secured to and
removed from main header conduit 30 simply by bolting or unbolting clamp assembly 62.
Accordingly, replacement of an existing lateral 32 which has become unusable due to excessive
nitriding can be accomplished simply and easily through a simple unbolting and rebolting
process. Because no on-site welding is required, this replacement procedure is much easier and
less expensive to carry out than the welding repair approach which is conventionally done.

The various aspects described herein may be utilized with reactors having various size
diameters. In a preferred aspect, reactors may have external diameters from about 2 to about 12,
in another aspect, about 5 to about 12 meters, in another aspect, about 8 to about 12 meters, and
in another aspect, about 9 to about 11 meters.

Variable Feed Nozzle Sizes

In accordance with another feature of this new sparger design, the diameters of feed
nozzles 34 are increased slightly as the travel path from the inlet of the feed sparger to each feed
nozzle increases.

When a ammonia containing feed mixture travels through sparger 16, heat transfer from
the hot gases outside the sparger cause the temperature of the feed mixture inside the sparger to
increase. As a result, the temperature of the feed mixture exiting each feed nozzle is different,
depending on how long the feed mixture has been inside the sparger before exiting. Specifically,
the temperature of the feed mixture exiting feed nozzles located farther away from the sparger
inlet are hotter than the temperature of the feed mixture exiting feed nozzles located closer to the
sparger inlet. In this context, “farther” and ‘“closer” will be understood to mean farther and
closer from the sparger inlet in terms of the length of the travel path beginning at the sparger
inlet and ending at the particular feed nozzle through which the feed mixture exits the sparger.

In a conventional ammoxidation reactor, the diameters of feed nozzles 34 (Fig. 3) are all
the same. As a result, the density of the feed mixture existing through feed nozzles 34 located
farther away from the sparger inlet is less than the density of the feed mixture existing through
feed nozzles 34 located closer to the sparger inlet, since density is inversely proportional to
temperature. This, in turn, causes the mass flowrate of the ammonia containing feed mixture
existing through feed nozzles 34 located farther away from the sparger inlet to be less than the
mass flowrate of the feed mixture existing through feed nozzles 34 located closer to the sparger

inlet, provided that the other conditions are the same, since mass flow rate is directly
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proportional to density. Unfortunately, this lack of uniformity in mass flow rate through each
feed nozzle leads to less than optimal reactor performance as a whole, because the amount (i.e.,
the total mass per unit time) of ammonia containing feed mixture entering bed 24 of
ammoxidation catalyst in regions of the reactor where the feed nozzles are farther away from the
sparger inlet is less than in regions where the feed nozzles are closer to the inlet.

In accordance with this feature of the invention, this problem is overcome by varying the
size of sparger feed nozzles 34, with those feed nozzles located farther away from the sparger
inlet being larger than those located closer to the sparger inlet. “Size,” “larger” and “smaller” in
this context refers to the cross-sectional area of the nozzle openings. In this aspect, a ratio of
reactor external diameter to number of different size feed nozzles is about 0.5 to about 2.5, in
another aspect, about 1 to about 2, and in another aspect, about 1.5 to about 2.

While nozzles of many different sizes can be used in a particular acrylonitrile reactor, it
has been found that using nozzles of having from about 2 to about 10 different sizes, in another
aspect, about 2 to about § different sizes, in another aspect, about 2 to about 6 different sizes, in
another aspect, about 2 to about 4 different sizes, in another aspect, about 3 to about 6 different
sizes, in another aspect, about 3 to about 4 different sizes, in another aspect, about 4 to about 8§
different sizes, in another aspect, about 4 to about 6 different sizes, in another aspect, about 5 to
about 6 different sizes , in another aspect, about 5 to about 7 different sizes, and in another
aspect, about 5 to about 8 different sizes, depending on reactor diameter, is sufficient to
overcome the above problem of non-uniform feeding in most acrylonitrile reactors. In another
aspect, if the reactor has an external diameter of about 2 to about 5 meters then the feed nozzles
have about 3 to about 4 different sizes. In another aspect, if the reactor has an external diameter
of more than about 5 to about 12 meters then the feed nozzles have about 5 to about 8 different
sizes. So, for example, using nozzles having three different sizes will normally be sufficient for
“small” acrylonitrile reactors having diameters on the order of 8 to 12 feet (~2.4 to ~3.7 meters).
On the other hand, using nozzles having five or six different sizes is more appropriate for “large”
acrylonitrile reactors having diameters on the order of 26 to 32 feet (~7.9 to ~9.7 meters) or

larger.
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Generally speaking, the size (cross-sectional area) of feed nozzles 34 in a commercial
acrylonitrile reactor range between 15 to 80 mm?, more commonly 20 to 60 mm®, depending on
the size of the reactor and the density of the feed nozzles, i.e., the number of feed nozzles 34 per
square meter of reactor cross-section. This same nozzle sizing can also be used in connection
with this feature of the invention. In other words, the average nozzle size of all feed nozzles in a
given acrylonitrile reactor will correspond to these values.

In terms of the difference in nozzle size, the ratio of the biggest to the smallest nozzle in
terms of the cross sectional area in a set of nozzles used for a particular ammoxidation reactor
can be as small as 1.02 and as large as 1.35. The size of feed nozzles with intermediate sizes can
easily be determined by calculation and/or routine experimentation.

In this regard, the purpose of using feed nozzles 34 of different sizes is to achieve a mass
flow rate of feed mixture which is as nearly uniform as possible from feed nozzle to feed nozzle.
Within a given sparger system, the mass flowrate of the feed mixture passing through any
particular feed nozzle is based primarily on its density, which in turn is based primarily on its
temperature. Accordingly, the particular sizes to use for particular nozzles of intermediate sizes
can be easily determined by reference to the anticipated temperature of the feed mixture passing
through that feed nozzle, which in turn can be easily determined either by actual measurement or
by appropriate heat transfer calculations.

With this feature, the mass flow rate of the ammonia containing feed mixture passing
through each feed nozzle is made more nearly uniform from feed nozzle to feed nozzle. This, in
turn, leads to more nearly uniform operation from region to region inside the reactor, which
enables productivity to be maximized. In this aspect, the mass flow rate through any one feed
nozzles is within about 5% of a mass flow rate of any other nozzle, in another aspect, within
about 4%, in another aspect, within about 3%, in another aspect, within about 2%, in another
aspect, within about 1%, in another aspect, within about 0.5%, in another aspect, within about
0.25%, and within another aspect, within about 0.1%.

This feature also minimizes contamination of the feed sparger with catalyst during start-
up, shut-down and even normal operation (“catalyst back up”), by ensuring a proper flow rate of

gasses through the sparger feed nozzles at all times.
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Laterals with Decreasing Diameters

In accordance with still another feature of this new sparger design, the diameters of
lateral sparger conduits or “laterals” 32 decrease from their proximal ends to their distal ends,
i.e., from their ends connected to header 30 to their opposite ends remote from header 30.

In a conventional acrylonitrile reactor, the diameters of lateral sparger conduits 32 are the
same along the entire length of the conduit. With this design, the flow rate of the feed mixture
through the conduit decreases substantially from its proximal end to its distal end, since much of
the feed mixture entering the proximal end has exited the conduit through feed nozzles 34
located along its length. As a result, the velocity of the feed mixture inside these conduits at or
near their distal ends is too slow to have a significant effect on any ammoxidation catalyst that
may be present there.

In accordance with this feature of the invention, this problem is avoided by reducing the
diameters of lateral sparger conduits or “laterals” 32 from their proximal ends to their distal ends.
Figs. 9A, 9B, 10A, 10B and 10C illustrate this feature of the invention. As shown in these
figures, the diameter of lateral 32 decreases in steps from its proximal end 37 to its distal end 39.

With this feature, the velocity of the ammonia containing feed mixture can be maintained
high enough along its entire length to cause any ammoxidation catalyst that may have
inadvertently contaminated the inside of sparger system 16 to be swept to the next feed nozzle
34, where it will be discharged along with the feed gas flowing through that feed nozzle. While
this mechanism for catalyst removal is also used in earlier designs, the velocity of the feed gas at
or near the distal ends of the laterals is too slow in these designs to sweep any catalyst present
there to the next feed nozzle. In accordance with this feature of the invention, this problem is
avoided by reducing the lateral’s diameter from its proximal to its distal end. The result is that
the velocity of the feed gas inside these lateral conduits remains high enough to sweep any
catalyst that might be present there to the next available feed nozzle, even at the distal end of the
conduit. Using a decreasing diameter enables a suitably high velocity even at the distal end of
the conduit whilst also avoiding unacceptably high velocity and/or pressure drop at the proximal
end of the conduits.

Although Figs. 9A, 9B, 10A, 10B and 10C show lateral 32 having three separate sections
with different diameters, it should be appreciated than any convenient number of different

diameters can be used in accordance with this invention. Generally speaking, the size and
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number of different diameters are selected to maintain a gas velocity of about 10 to 30,
preferably 15 to 25, meters per second in all sparger conduits, i.e., header 30 as well as all
laterals 32.

The various aspects described herein may be utilized with reactors having various size
diameters. In a preferred aspect, reactors may have external diameters from about 2 to about 12,
in another aspect, about 5 to about 12 meters, in another aspect, about 8 to about 12 meters, and
in another aspect, about 9 to about 11 meters.

Lateral End-caps

In an optional yet preferred way of implementing the above feature of this invention, the
distal ends 39 of lateral conduits 32 configured with decreasing diameters are terminated with
end-caps penetrated by one or more feed nozzles 34 (See, Fig. 11). As mentioned above, this
decreasing diameter feature ensures that velocity of feed gas flowing through laterals 32 at or
near their distal ends remains relatively high. By terminating a lateral 32 having a smaller distal
end 39 with an end-cap 90 including one or more feed nozzles, it is possible to ensure that this
velocity remains high enough so that any ammoxidation catalyst that may be present at or near
this distal end is kept moving so that it is eventually blown out of the lateral through a feed
nozzles 34. Figs 11A and 11B show a rounded configuration, one with centrally located feed
nozzle 34, and the other with a lowered feed nozzle 34. Figures 11C and 11D show a flat
configuration, one with centrally located feed nozzle 34, and the other with a lowered feed
nozzle 34. The lowered feed nozzle configurations minimize the dead space where catalyst
could become trapped, but are potentially more expensive to fabricate.

Multiple Feed Sparger Sections

In accordance with still another feature of this new sparger design, feed sparger 16 is
subdivided into multiple feed sparger sections, each of which has its own inlet port for receiving
the ammonia containing feed from outside the reactor.

In a typical commercial ammoxidation reactor such as illustrated in Figs. 2, a single feed
sparger system 16 is used in which a single horizontally oriented header 30 supplies all laterals
32 of the system. In most of these systems, as further illustrated in Figs. 2 and 4, the inlet 31 of
sparger 16 is located in a side wall of reactor 10 in essentially the same horizontal plane as

header 30.
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When a sparger design of this type are used in larger acrylonitrile reactors, i.e., reactors
having diameters larger than about 6 meters (~20 feet), the difference between the shortest and
longest travel paths experienced by the ammonia containing feed gas in the sparger can get quite
large since the feed gas enters only one end of the header 30 and hence must travel all the way to
the other end for reaching the laterals attached there. As a result, the temperature, density and
hence mass flowrate of the feed mixture exiting each feed nozzle 34 can vary considerably from
feed nozzle to feed nozzle, depending on where it is located in the sparger system. As explained
above, this variance in temperature, density and mass flowrate can cause considerable problems,
both in terms of reactor performance as well as uniformity of nitriding.

To deal with this problem, it has already been proposed to move sparger inlet 31 to a
location which is far above header 30 and to join sparger inlet 31 to the center of header 30 with
suitable piping. The idea is that, because the feed gas is delivered to the center of header 30
rather than only one of its ends, the flow of this feed gas through header 30 to and through all
laterals 32 will be more nearly uniform than would otherwise be the case. The problem with this
approach, however, is that the additional piping that is necessary to connect sparger inlet 31 to
the center of header 30 becomes nitrided over time, which is very disadvantageous for the
reasons indicated above.

In accordance with this feature of the invention, feed sparger 16 is divided into multiple
feed sparger sections in which each sparger subsection is provided with its own sparger inlet 31
for receiving ammonia containing feed from outside the reactor. Each sparger section is also
provided with its own control system so that the flow of ammonia containing feed mixture in
each sparger section can be separately controlled. In addition, sparger inlet 31 of each sparger
section is located at or near the horizontal plane defined by header 30. Preferably, sparger inlet
31 of each sparger section is vertically spaced from this horizontal plane by no more than 10 feet,
more preferably no more than 5 feet.

This feature of the inventive sparger design is illustrated in Fig. 12, which shows four
separate and independent feed sparger sections 100, 102, 104 and 106, arranged inside the
reactor in an essentially side by side relationship with respect to one another. In this context,
“side by side” will be understood to mean that the individual sparger sections are arranged at
essentially the same elevation inside the reactor as opposed to be arranged one atop the other.

As further shown in Fig. 12, each of sparger sections 100, 102, 104 and 106 includes a sparger
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inlet 110, 112, 114 and 116, respectively, all of which are connected to a common feed header
conduit (not shown) located outside reactor 10. In addition, separate control valves 120, 122,
124 and 126 connected to a control system (not shown) are provided.

With this feature, each separate sparger section can be separately controlled for adjusting
the amount (mass flow rate) of the ammonia containing feed mixture being fed by that sparger
section. This allows even better control of the reactor, as a whole, since each region of the
reactor can be separately controlled. This, in turn, enables each region to be “tuned” to match
the others, thereby achieving optimal performance across the reactor as a whole.

The various aspects described herein may be utilized with reactors having various size
diameters. In a preferred aspect, reactors may have external diameters from about 2 to about 12,
in another aspect, about 5 to about 12 meters, in another aspect, about 8 to about 12 meters, and

in another aspect, about 9 to about 11 meters.

Although only a few specific examples of this invention have been described above, it
should be apparent that many modifications can be made without departing from the spirit and
scope of this invention. All such modifications are intended to be included within the scope of

this invention, which is to be limited only by the following claims.

16



WO 2015/153196 PCT/US2015/022216

Claims:

1. A sparger effective for supplying an ammonia feed mixture from outside an
ammoxidation reactor, through a reactor wall of the reactor and into a fluidized bed of
ammoxidation catalyst inside the reactor, the sparger comprising a main header conduit, a
sparger inlet in fluid communication with the main header conduit, and multiple lateral sparger
conduits, each lateral sparger conduit having a proximal end in fluid communication with the
main header conduit and a distal end remote from the main header conduit, each lateral sparger
conduit further defining feed nozzles for discharging the ammonia containing feed mixture into
the fluidized bed of ammoxidation catalyst, wherein the diameters of at least some of the lateral

sparger conduits decrease from their proximal ends to their distal ends.

2. The sparger of claim 1, wherein at least some of the lateral sparger conduits are
divided into at least three sections, with the section at the proximal end of the lateral sparger
conduit having a large diameter, the section at the distal end of the lateral sparger conduit having
a small diameter, and the section intermediate the these sections having an intermediate diameter

which is smaller than the large diameter and larger than the small diameter.

3. The sparger of claims 1 or 2, wherein the size and number of diameters are
effective for maintaining a gas velocity of about 10 to about 30 meters per second in all sparger

conduits.

4. The sparger of claims 1 or 2, wherein the inlet of each sparger section is located at
an elevation which is within 10 feet of the plane defined by the main header conduit of that

sparger section.
5. The sparger of claim 1, wherein the distal ends of the lateral sparger conduits

having decreasing diameters are terminated with end-caps penetrated by one or more feed

nozzles.

6. The sparger of claim 1, wherein the reactor external diameter is about 2 to about

12 meters.
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7. The sparger of claim 1, wherein the reactor external diameter is about 8 to about
12 meters.

8. The sparger of claim 1, wherein the reactor external diameter is about 9 to about
11 meters.

9. A process for supplying an ammonia containing feed mixture to an ammoxidation

reactor, the process comprising:

supplying an ammonia feed mixture from outside an ammoxidation reactor, through a
reactor wall of the reactor and into a fluidized bed of ammoxidation catalyst inside the reactor
through a sparger,

wherein the sparger includes a main header conduit, a sparger inlet in fluid
communication with the main header conduit, and multiple lateral sparger conduits, each lateral
sparger conduit having a proximal end in fluid communication with the main header conduit and
a distal end remote from the main header conduit, each lateral sparger conduit further defining
feed nozzles for discharging the ammonia containing feed mixture into the fluidized bed of
ammoxidation catalyst, wherein the diameters of at least some of the lateral sparger conduits

decrease from their proximal ends to their distal ends.

10. The process of claim 9, wherein at least some of the lateral sparger conduits are
divided into at least three sections, with the section at the proximal end of the lateral sparger
conduit having a large diameter, the section at the distal end of the lateral sparger conduit having
a small diameter, and the section intermediate the these sections having an intermediate diameter

which is smaller than the large diameter and larger than the small diameter.
11. The process of claims 9 or 10, wherein the size and number of diameters are

effective for maintaining a gas velocity effective for sweeping catalyst out of the lateral sparger

conduits.
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12. The process of claims 9 or 10, wherein the size and number of diameters are

effective for maintaining a gas velocity of about 10 to about 30 meters per second in all sparger

conduits.

13. The process of claims 9 or 10, wherein the inlet of each sparger section is located
at an elevation which is within 10 feet of the plane defined by the main header conduit of that

sparger section.

14. The process of claim 1, wherein the distal ends of the lateral sparger conduits

having decreasing diameters are terminated with end-caps penetrated by one or more feed

nozzles.

15. The sparger of claim 1, wherein the reactor external diameter is about 2 to about
12 meters.

16. The sparger of claim 1, wherein the reactor external diameter is about 8 to about
12 meters.

17. The sparger of claim 1, wherein the reactor external diameter is about 9 to about
11 meters
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