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CATALYSTBED PEATFORM WITH CERNTER SUPPORT PIPE

FIELD OF THE INVENTION

(6661} The invention is related to structures and methods for adding a

catalyst bed to an existing reactor.

BACKGROUND OF THE INVENTION

16662} Reactors for petroleurn refining can remain viable from a structural
standpoint for multiple decades. However, during this lengthy thme period,
advancements in refining techunology may lead to improved designs or methods
that do not match the orviginal reactor structure. Systems and/or methods that
allow older reactors to be upgraded to take advantage of newer techuologies can
result 1o substantial cost savings, in comparison with retiving a reactor and

butiding a new structure.

16603] Many conventional or heritage catalytic reactors for petroleurn
refining are single bed reactors. Some of these reactors can have long reactor
beds relative to the inner diameter of the reactor. For example, aratio of the
fength of the reactor bed to the inner diameter of the reactor can be at least 5:1 or
greater. Although the long reactor bed can hold a large volume of catalyst, the

single bed configuration can lead to reduced catalyst effectiveness.

16004} One reason for reduced catalyst effectivengss can be poor flow
distribution. A poor flow distribution can develop within a catalyst bed for a
varicty of reasons. The length of the catalyst bed can be one factor, with longer
beds typically having an increased likelihood of flow distribution problems.
Another probicm can be having a low liquid mass flux through the bed, where

the amount of liguid flowing through the bed per unit area and per unit time is
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too low to provide good flow characteristics, Other factors that can contribute to
a poor flow distribution can be related to flow bridging within the bed, poor
loading of catalyst tnto the catalyst bed, or liquid plugging. An example of a
poor flow distribution can be “channeling” of a feed, where the feed
preferentially passes through a portion of the catalyst while exposing other
portions of the catalyst to little or no fluid flow. Inasingle bed reactor, ifa
problem develops with the flow pattern of the fluids passing through the single
catalyst bed, the resulting poor flow distribution will likely continue for the

entive length of the bed.

SUMMARY OF THE INVENTION

16605) Oue aspect of the imvention relates to a catalyst bed platform
structure comprising: a catalyst bed platform; a support pipe supporting the
bottom of the catalyst bed platforr, a central axis of the pipe being
approximately aligned with a geometric center of the catalyst bed platform; a
flow distributor separated frow the catalyst bed platform by a gap, the support
pipe passing through the flow distributor and attached to the flow distributor to
provide support for the flow distributor; and a pipe support structure supporting
the bottom of the support pipe, the pipe support structure being adapted to reside
ony a bottom surface of an existing reactor having walls and a top opening,
wherein the catalyst bed platform is formed from components capable of passing
into the existing reactor through the top opening, which has a diameter of about
28 inches or less, for example about 26 inches or less or about 24 inches or less,
without welding the catalyst bed platform to a structural portion of the reactor

walls.

160606} Another aspect of the invention relates to a catalyst bed platform
structure comprising: a collector structure; a support pipe supported by the

collector structure; a plurality of catalyst support beams extending radially from
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the support pipe, the plurality of catalyst support beams inchuding a ring groove;
a ring support scated in the ting groove, at least a top portion of the support pipe
passing through an inner opening of the ring, the ring support connecting the
catalyst support bearns to the support pipe in a cantilevered manner; a catalyst
support grid supported by the catalyst support beams; optionally one or more
dumping tubes; and a platform skirt forming an outer diameter surface for the

catalyst platform.

16687} Stili another aspect of the invention relates to a method for dividing
a catalyst bed in a reactor without welding a catalyst bed platform to a structural
portion of the reactor walls, comprising: passing a plurality of catalyst bed
platform components into a reactor through au opentog having a diameter of
about 28 inches or less, for example about 26 inches or less or about 24 inches or
less, the reactor having a fivst catalyst bed volume; constructing a catalyst bed
platform within the reactor using the catalyst bed platforrn components;
supporting the constructed catalyst bed platform with a support pipe, the length
of the support pipe corresponding to a height for the catalyst bed platform within
the reactor, wherein the catalyst bed platform divides the first catalyst bed
volume into an upper catalyst bed volume and a lower catalyst bed volume, at
jeast one of the upper catalyst bed volume and the lower catalyst bed volume

having a length to diameter ratio of about 4:1 or less.

BRIEFDESCRIPTION OF THE DRAWINGS

16608} FIG. 1a schematically depicts a catalyst bed platform with a center

support pipe according to an embodiment of the invention,

16609} FIG. 1b schematically shows a top down view of a catalyst bed

platform according to an embodiment of the invention.
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10616} FIG. ¢ schematically shows a top cutaway view of a catalyst bed

platform in the plane of a flow distributor.

16614} FIG. 2 schematically shows a catalyst bed platform according to an

ermbodiment of the invention in a reactor.

16612} FIG. 3 provides a perspective view of a catalyst bed platform

according to an erobodiment of the invention in a reactor.

16613} FIG. 4 shows an overview of a catalyst bed platforra with a center

pipe support according to another embodiment of the invention.

16614} FIGS. Sa-3d show various views of pieces for a collector for a
catalyst bed platform with a center pipe support according to an erabodiment of

the tnvention,

16615} FIGS. 6a-6f show various views of pieces for a catalyst bed platform

according to an embodiment of the invention.

16616} FIGS. 7a and 7b show various views of picces for a distributor tray

according to an embodiment of the invention.

16617} FIG. 7¢ shows a catalyst support grid piece according to an

embodiment of the invention.

{6018} FIG. 7d shows an example of an assembled catalyst support grid

according to an embodiment of the invention.

[66G19] FIG. 8 shows an arrangement of the outlet collector with

incorporated support pads.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Overview

10626} In various embodiments, a catalyst bed platform is provided that can
be added to an existing reactor. For example, addition of a catalyst bed platform
can convert a reactor with a single catalyst bed to a reactor with multipie catalyst
beds. Adding a catalyst bed platform to a reactor can allow for addition of a
flow distributor (such as a distributor tray) and/or guench system to a reactor.
The flow distributor and/or quench systers can be added in the space created
below the additional catalyst bed platform. Addition of a disiributor tray can
allow for improved fluid flow within a reactor, which can result in a

corresponding increase tn the apparent activity of catalyst.

16621} Multiple bed reactors can be used for a variety of refinery processes,
such as hydrodesuifurization processes and cold flow improversent processes.

In a multiple bed reactor, a distributor tray and/or other desived reactor
internal(s) for distributing fluid flow can be used between beds to redistribute the
fluid flow. However, proper operation of a distributor tray typically requires
space between the tray and the catalyst bed upstream from the tray. This cannot

be achieved in a single catalyst bed system.

16622} Adding a catalyst bed to a reactor poses a variety of challenges. Une
option for adding a catalyst bed to a reactor can be to weld a catalyst bed
platform to the structural portion of the reactor wall(s). In this option, the welds
to the structural portion of the reactor wall(s} support the weight of the catalyst
bed. Adding a catalyst bed to a reactor in this manner can require a substantial

fength of time where the reactor 18 not operational. It is noteworthy that the
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impact of heating the structural materials of the reactor wall to a sufficient

temperature for welding may be unclear.

10623} An additional issue with adding a catalyst bed to a reactor can be the
method of access to the inside of the reactor. A typical commercial reactor will
generally allow access to the reactor through a top maoway, which can have an
inner diameter, e.g., from about 18 inches (about 46 cmj) to about 36 inches
{about 91 cru). Some typical manways in older reactors can have inner
diameters from about 20 inches (about 51 cw) to about 24 inches (about 61 cm).
Other common examples of manway diaweters can be at least about 20 inches
{about 51 cru), for exarple at least about 22 inches {about 56 cmy), at least about
24 inches (about 61 cmy), at least about 26 inches (about 66 cw), or at least about
28 inches {(about 71 cm). Unless a hole is cut in the reactor wall(s), the materials
for adding the catalyst bed to an already constructed reactor have to enter
through an existing opening. The manway is typically the largest existing
opening available 1o an existing reactor for mtroducing components to add a
catalyst bed. Thus, depending on the embodiment, the pioces for constructing a
catalyst bed platform structure can be pieces that can pass through an opening
having a diameter of about 36 inches (about 91 cm) or less, for exampie about 28
inches (about 71 cm) or less, about 26 inches (about 66 cm) or less, about 24
inches (about 61 cm) or less, about 22 inches (about 56 cm) or less, or about 20
inches (about 51 co) or less. In some embodiments, the size of the manway can
be related to a characteristic dimension of the reactor, such as the reactor inner
diameter. Typical reactors can have inner diameters that range from about 8 feet
{about 2.4 meters) to about 22 feet (about 6.7 meters). Depending on the
embodiment, a ratio of the inner diameter of the reactor to the diameter of the
manway can tend to be at least about 4:1, for example at lcast about 501, at least
about 6:1, or at icast about 7:1. Additionally or alternatively, the ratio of the
inner diameter of the reactor to the manway diameter can tend to be about 911 or

fess, for example about 8:1 or less, about 7:1 or less, or about 6:1 or less,
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16624} Another consideration for adding a catalyst bed platform to a reactor
is the structural integrity of the additional bed platform. A catalyst bed can have
a substantial weight when loaded into a reactor. In addition to this static weight,
a catalyst bed platform can experience a load due to the pressure drop of fluid
passing through the catalyst bed during operation. A concern for a catalyst bed
platform supported by a central support pipe can be that the support structure
may undergo plastic deformation if the load is not properly transferved to the

floor of the reactor vessel

16625} In various embodiments, structures and methods are provided for
upgrading an existing {alveady constructed) reactor to inchude an additional
catalyst bed. In an embodirsent, a catalyst bed platform with a center support
pipe can be used to add a catalyst bed to a reactor. The structure can include a
catalyst bed platform for holding catalyst. The catalyst bed platform can include
a grid with a moesh size srmall enough to allow fluid to pass through while
retaining catalyst particles of typical size. Optionally, a flow distributor such as
a distributor plate and/or other desired reactor internal(s) can be located below
the catalyst bed platform to allow for more even distribution of a fluid flow. The
structure can also inchude a center support pipe for supporting the catalyst bed
platform and the optional distributor plate. The support pipe can support the
catalyst bed platform via a plurality of radial support arms. The radial support
arms can be connected to the support pipe in a cantilevered manner using a ring
support. The center support pipe can have a hollow interior to allow for removal
of catalyst from the catalyst bed. The center support pipe can pass through the
flow distributor and can optionally be attached to the flow distributor to provide
support. The flow distributor can be supported directly by attachment to the
support pipe, ot the flow distributor can be supported by radial support beams
that arc themselves supported by the support pipe. The top of the pipe can be in

direct contact with the bottom of the catalyst bed platform. One or more catalyst
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dumping tubes can allow for removal of catalyst from the catalyst bed platform.
A catalyst duroping tube can allow catalyst to be removed {rom the catalyst bed
platform via the hollow nterior of the center support pipe. Additionally or
alternately, one or more catalyst dumping tubes can be included at other

locations to allow for removal of catalyst from the catalyst bed platform.

160626} In various embodiments, a catalyst bed platform with a center
support pipe can be added to an existing reactor using the manway as the entry
point for the materials used to construct the platform. The catalyst bed platform
with a center pipe support can have a modular construction, so that the platform
can be asserobled from a series of components that can be passed through the

manway.

16627} The catalyst bed structure can be placed in a reactor without welding
the structure to the structural portion of the reactor wall(s). Instead, the center
support pipe can provide the support for the weight of the catalyst bed platform.
The catalyst bed platform can have an outer diameter that roughly corresponds to
the inner diameter of the reactor. To form a contact with the inner wall of the
reactor, a packing material can be used to fill a gap between the platform and the
inner wall. In an alternative embodiment, the catalyst bed platform can be
clipped or welded to a protective layer, cladding, or coating of a reactor wall, but
such clipping or welding should substantially not result in a structural
connection between the structural portion of the reactor wall{s) and the catalyst

bed platform.

{6028} A catalyst bed platform supported by a center support pipe can
provide a variety of advantages relative to a conventional catalyst bed platform
welded to a reactor wall. In some embodiments, installing a catalyst bed
platform with a center support pipe can reduce the non-operational time reguired

for adding the catalyst bed. A catalyst bed platform with a center support pipe
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can be constructed using a scaffold within the reactor. Because welding to the
structural portion of the reactor wall is not required, the amount of time for

instalation can be reduced.

[6329] In some erobodiments, the addition of a ¢atalyst bed platform can
improve the flow characteristics within a reactor. For example, one method for
characterizing a reactor can be the length of catalyst beds within the reactor
versus the diameter of the reactor. In an embodiment, a reactor with a single
catalyst bed can initially have a vatio of catalyst bed length to reactor diameter of
at least about 3:1, for example at least about 4:1, at least about 5:1, at least about
6:1, at least about 7: 1, or at least about 8:1. Additionally or alternately, a
catalyst bed platform can be added to the reactor to allow formation of two
catalyst beds. [n such an embodiment, at least one of the resulting catalyst beds
can have a ratio of catalyst bed length to veactor diareter of about 4:1 or less,
for example about 3:1 or less, about 2.5:1 or less, about 2:1 or less, or about
1.5:1 or less. Further additionally or alternately, both resulting catalyst beds can
have a ratio of catalyst bed length to reactor diameter of about 3:1 or less, for
example about 2.5:1 or less or about 2:1 or less. Still further additionally or
alternately, addition of a catalyst bed platform to a reactor can reduce the total
amount of catalyst loaded into the reactor. However, due to improved flow
characteristics, the reduced amount of catalyst can be used more efficiently,

jeading to a higher apparent activity for the catalyst.

Catalyst bed platform

16638] In various embodiments, any convenient type of catalyst bed
platform can be used for supporting a catalyst. The catalyst bed platform can be
selected based on the type of catalyst to be used in the catalyst bed. One
consideration can be related to the size of the mesh or grid used for the catalyst

-

bed platform. The mesh size can be selected to be small encugh that catalyst
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particles are retained within the catalyst bed. This can be achieved, for exaruple,
by having a catalyst bed platform with a suitable mesh size, Additionally or
alternately, the catalyst bed platform can be constructed of a plarality of

intersecting beams, with an overlay grating that provides a suttable mesh size.

16631} In an embodiment, the primary support {or the weight of the catalyst
bed platform can be provided by a support pipe. This s in contrast to supporting
the weight of the catalyst bed by welding or otherwise attaching the catalyst bed
platform to the wall(s) of the reactor. Typically, a veactor wall can include two
types of materials. The structural portion of a veactor wall can be composed of a
bulle structural waterial. The bulk structural material can be selected fora
variety of reasons, including structural properties, heat transfer properties, and/or
the weight ot cost of the material. An example of a suitable material can be
steel, such as a steel that complies with ASTM A387. A typical thickuess {or the
reactor wall can be used, such as about 90 mm or greater, for example about 100
mm or greater, about 105 mm or greater, or about 110 mm or greater. More
generally, the thickness of a reactor wall can be from about 58 mym to about 300
mm or more. Note that reactor walls are often thinner near the bottom and top of
areactor. This can be due to the hemispherical shape typically found at the top
and bottom of cylindrical reactors, which shape is structurally more stable. The
range of reactor wall thicknesses reflects this variation. Thus, a reactor wall
thickness of about 50 mm can be more likely to occur at the top or bottom of a
reactor, while a wall thickness of about 300 mum can be more likely to occur in

the cylindrical main body of a reactor.

[66G32] The portion of a reactor wall that faces the reaction environment can
be referred to as the interior portion of the reactor wall. The interior portion of
the reactor wall can be covered with a material that is resistant to corrosion or
other reactions based on the activity occurring within the reactor. This covering

material can be a protective/cladding laver that is typically thinner than the bulk
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structural moaterial, A stainless steel such as TP 347 can be a suttable cladding
material. A suitable cladding layer can have a thickness of at least about 2 mm,
for example at least about 3 mm or at least about § om. Additionally or
alternately, the cladding layer can be about 10 mm or less, for cxample about §
mm or less or about 5 mm or less. In some embodiments, a cladding layer

thickness of about 3-4 mm can be typical.

16633} In a conventional design, a catalyst bed platform can be supported
by attaching the platform to the structural portion of the reactor wall{s). For an
existing reactor, a typical attachment can require welding the catalyst bed
platform to the bulk structural material that lies underneath the protective

cladding layer.

(6834} In various embodiments, however, attachment of the catalyst bed
platform to the bulk structural material of the reactor wall{s) can be avoided by
using a support pipe to support the weight of the platform. Insome
embodiments, the outer diameter of the catalyst bed platform can have a surface
that complements the inner surface of the reactor wall(s}, resulting in contact
between the outer surface of the platform and the inner wali(s). Such
complementary contact can advantageously provide little or no gap between the
outer surface of the platform and the inner wall{s}, such that the feedstock can
substantially pass through the catalyst bed and advantageously not (or as littie as
possible} around the edge of the platform. In an alternative embodiment, contact
with the inner wall{s} of the reactor can be made in the form of clipping {or
otherwise attaching) the catalyst bed platform to the protective layer of the
reactor wall(s}), preferably without attaching the catalyst bed platform to the

structural portion of the reactor wall{s}, e.g., by welding.

[LLERRY In another embodiment, the catalyst bed platform can have an outer

diameter that is smaller than the inner diameter of the reactor. In this type of
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embodiment, the catalyst bed platform outer surface can optionally include a hip
that protrudes out toward the inner wall{s) of the reactor. The lip can be located
at an intermediate location on the outer surface of the catalyst bed platform, such
as halfway between the top of the platform and the bottom of the platform, or at
another location closer to either the top of the outer surface or closer to the
bottom of the outer surface. Any gap remaining between the outer surface of the
catalyst platform and the aner surface of the reactor wall can then be filled with
a material that substantially fills the space between the outer surface of the
catalyst platform and the fnner surface of the reactor wall{s). The fill material
can be, for example, a glass rope material that substantially fills the space in the
gap. The fill material can reduce or eliminate the amount of feed that passes
around the catalyst bed platform, as opposed to passing through the catalyst bed.
Optionally, a particle based fill could be used, so long as the particles are sized

to substantially prevent leakage of feed around the catalyst bed platform.

Flow distributor

16636} In a catalyst bed, a fluid flowing through the catalyst bed rnay have
an uncven distribution for a variety of reasons. The length of the catalyst bed
can be one factor, with longer beds typically having an increased likelihood of
flow distribution problems. An additional or alternate problem can be having a
fow liquid mass flux through the bed, where the amount of liquid flowing
through the bed per unit area and per unit time can be too fow to provide uniform
flow characteristics. Other additional or alternate factors that can contribute to a
poor flow distribution can be related to flow bridging within the bed, poor
joading of catalyst into the catalyst bed, and/or liquid plugging. A further
additional or alternate factor can be that the fluid flowing through the catalyst
bed may have entered the bed with an uneven distribution. A still further
additional or alternate factor can be related to changes in the catalyst in a catalyst

bed as fluid is processed in a reactor. For example, some hydroprocessing
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reactions can result in formation of “coke” on catalyst particles. The formation
of “coke” or other changes in the shape of catalyst particles during reaction may
alter the space available for fluid tlow and/or can lead to random chammeling ina
catalyst bed. Yet a further additional or alternate possibility is that local
formation of “hot spots” in a catalyst bed way alter the flow of fluid through the

bed.

16637} When a fluid flow emerges from a catalyst bed, it can be desirable to
redistribute the flow, so that the flow can be more evenly distributed when
exposed to the next catalyst bed or other reaction stage. This can have a variety
of advantages, such as extending the hifetime of catalyst particles and/or
reducing potential hazards, such as localized heating 0 a catalyst bed. A variety
of flow distribution devices are available for use. The devices typically include
a plate or tray of some type with a plurality of openings to allow fluid to pass
through. If too much flow is incident on a portion of the tray or plate, not all of
the fluid may be able to pass through the openings near the flow. In such
sttuations, the ligquid level in the tray or plate can instead equilibrate, resulting in
distribution of the flow over a larger portion of the area of the tray or plate. One

or more such trays or plates can be used in a flow distribution device,

16638} During operation, a flow distributor can typically have at least a
small height of accumulated Hiquid in or on the device. If a distribution device is
focated immediately adjacent to a catalyst bed, this could result in fluid
remaining in contact with catalyst for a longer period of time than desired,
and/or stagnation of a portion of the fluid in a catalyst bed. To avoid this
situation, it can be desirable to have a gap between a catalyst bed and a flow
distributor. In a reactor with only a single catalyst bed, such a gap does not
exist. As a result, if the fluid flow through a single catalyst bed develops an
uneven distribution near the top of the bed, that uncven distribution is likely to

remain through the entire bed. In an embodiment, inserting an additional
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catalyst platform into an existing reactor allows a catalyst bed to be divided into
two beds having shorter bed lengths. This can provide a gap for using a flow
distributor between the beds, which can allow for redistribution of the fluid flow

at an intermediate point in the reactor,

16639] The support pipe for supporting the catalyst bed platform can also be
used to support a flow distributor. A flow distributor can be a distributor plate, a
distributor tray, or any other type of reactor internal that can be used to distribute
the flow exiting from a catalyst bed. o an erobodiment, the flow distributor can
be supported by the center support pipe without any attachment to the cladding
or coating of the reactor wall(s). 1o an alternate embodiment, the flow

distributor can be attached to the coating layer of the reactor wall.

Center Support Pipe and Catalvst Bed Platform Support

166498} In various embodiments, the catalyst bed platform can be supported
by a support pipe. Preferably, the support pipe can be a centrally located support
pipe. This can correspond to the central axis of the support pipe being
approximately aligned with the geometric center of the catalyst bed.
Additionally or alternately, the central axis of the support pipe can be

approximately aligned with the central axis of the reactor.

16041} A center support pipe can be constructed from any materials suitable
for supporting a catalyst bed platform in the reaction environment present in the
reactor. For example, the pipe can be constructed from a bulk structural material
similar to the reactor wali(s), with a coating or cladding layer on the cutside that
is more resistant to corrosion or other reactions. Other choices of material are
possible, so long as the center pipe has sufficient strength to transfer the weight

of the catalyst platform to the bottom of the reactor.
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16042} The center support is referred to here as a pipe due to the fact that
the center support may optionally be hollow for at least a portion of the length of
the pipe. Use of a hollow center support, or a center support pipe, can allow the
interior volurne of the center support to be used as a pathway for unloading
catalyst. In such an embodiment, an opening can be included in the catalyst bed
platform to allow for removal of catalyst frovo the catalyst bed platform. The
exit for the catalyst dumping tube can be located far enough dowu the center
support pipe so that the exit is below the top of where catalyst would be in the

lower catalyst bed.

16643} The center support pipe can be supporied by a structure that serves
as the outlet collector. Addutionally or alternately, the center support pipe can be
supported by a plurality of legs that can advantageously rest on the floor of the
reactor. Any convenient number of legs can be used, such as three or wore, e.g.,

four or more.

16644} Use of a center support pipe for supporting a catalyst bed platform
can provide a variety of advantages. A center support pipe can be compatible
for use with conventional types of catalyst bed platforms. A catalyst bed
platform supported by a center support pipe can also be leveled sufficiently to
approximate the levelness of a conventional catalyst bed. In a situation where an
additional catalyst bed is desired in an existing single-bed reactor, a catalyst bed
platform with a center support pipe can allow for installation of an additional
catalyst bed without having to support the catalyst bed via welding to the bulk
structural portion of the reactor wall{s}. Introducing a catalyst bed platform with
a center support pipe does result in an excluded volume in the center of the
reactor. However, the excluded volume from the center pipe can typically be

small relative to the total volume of the reactor.
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16045] An additional or alternate consideration in design of the catalyst bed
platform and center support pipe can be relative expansion of the center support
pipe during operation. A hydroprocessing reactor is typically constructed using
ong material as a structural material, and a second material as a coating or
cladding layer that provides improved resistance to the reaction conditions. The
same type of design chotce could be used for construction of the center support
pipe. This would lead to a center support pipe with similar thermal expansion

characteristics to the reactor.

160646} Alternately, the center support pipe can be composed of the resistant
material throughout the pipe. In such a situation, the thermal expansion
characteristics of the center support pipe may differ from the expauvsion
characteristics of the reactor. As aresuli, the growth of the center support pipe
may differ from the expansion of the reactor by as wuch as a few inches.
Although the catalyst bed platform typically does not contact the reactor walls, a
fill material between the platforro and the reactor walls can be 1n contact.
Additionally or alternately, the catalyst in the catalyst bed platform may be in
contact with the reactor walls. As differential expansion occurs between the
catalyst bed platform and the reactor, frictional forces can place additional load
on the platform structure. Such additional forces can and should be accounted

for in the design of the catalyst bed platform.

Catalvst Loading and Unloading

16647} As noted above, various {conventional) catalyst bed platform
designs can be used with a center support pipe in various embodiments. As a
result, catalyst loading of the catalyst bed platform can be performed by typical
joading methods. Examples of suitable methods for catalyst loading can include,
but are not limited to, “sock” loading or dense loading. In embodiments where

the center support pipe includes a catalyst dumping tube, when catalyst is loaded
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inte the reactor, the lower bed of the reactor can be filled fivst. The catalyst
dumping tube can then be filled with a suttable material, such as an inert
material, a catalyst used in the lower bed, and/or a catalyst to be used for the
upper catalyst bed supported by the catalyst bed platform. Filling the catalyst
dumping tube can prevent removal of catalyst from the upper catalyst bed
supported by the catalyst bed platform until desired. The upper catalyst bed can

then be loaded into the reacior.

16648} For catalyst unloading, the center pipe can be used in combination
with the existing catalyst unloading equipment of a reactor. Wheu it is desived
to remove catalyst from the catalyst bed platform supported by the center

support pipe, one option can be to use suction or vacuum methods.

16649 When it is desired to remove catalyst from the reactor, catalyst from
the lower catalyst bed can be removed from the reactor, e.g., in a conventional
manner. As catalystis removed, the level of catalyst in the lower catalyst bed
will drop below the level of the exit for the catalyst dumping tube. This can
allow the catalyst from the catalyst bed platform to pass through the catalyst
dumping tube and into the lower catalyst bed for removal, In some
embodiments, to completely remove the catalyst from the catalyst bed platform,
forced air or another mechanism to move catalyst from the edges of the catalyst
bed platform to the catalyst dumping tube may be needed. Removing catalyst
via the center support pipe can allow gravity to be the primary force for
removing catalyst from the bed, as opposed to primary suction or vacuum

technigues for removing catalyst, e.g., by lifting the catalyst out of a bed.

16050 Additionally or alternately, one or more catalyst dumping tubes can
be included outside of the center support pipe, in place of or in additionto a
catalyst dumping tube inside the center support pipe. The catalyst dumping

tubes outside of the center support pipe can operate in a manner similar to the
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other catalyst dumping tubes described herein. The catalyst durnping tubes
outside of the center support pipe can result in additional excluded volume
within the reactor. In some embodiments, however, this additional excluded
volume can be privnarily located in the space between the upper and lower
catalyst beds, so the additional excluded volume can cortespond to space that

can countain little or no catalyst anyway.

Example of Center Pine Structure

16651} FIG. 1a schematically shows an exawpie of a catalyst bed platform
supported by a center support pipe. FIG. 1a provides a side view of a catalyst
bed platform 110, In the embodiment shown in FIG. 1a, the platform is
composed of a plurality of cross beams 112 and 113 that support a grid or wesh
114. Depending on the embodiment, some of the cross beams 113 can be
directly supported by center pipe 120, while other beams 113 can transfer weight
to the ceuter pipe 120 via support arms 122, Center pipe 120 can also support a
flow distributor 130, The flow distributor 130 can include one or more
distributor plates, distributor trays, and/or other devices for more evenly
distributing a fluid flow. Optionally, flow distributor 130 can include or be
replaced by a guench facility that can introduce additional fluid into the reactor
between the catalyst beds. Center pipe 120 can be supported by support legs

140. In the embodiment shown in FIG. 1a, two of four support legs are shown.

[6652] FIG. 1b shows a top down view of the catalyst bed platform. In
FIG. 1b, grid or mesh 114 covers all or nearly all of the surface area of the
catalyst bed platform. Grid or mesh 114 is schematically represented here, but
should be understood to have a mesh size suitable for supporting a desired type
of catalyst particle. Suitable catalyst particles can include hydroprocessing
catalysts. The embodiment in FIG. 1b also includes an opening 252 for the

catalyst dumping tube.
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[6853] FI1G. 1c shows a cut away view of the structure in FIG. Ta in the
plane of the flow distributor 130, In FIG, le, flow distributor 130 is represented
as a plate containing perforations or holes 132, Nevertheless, any convenient
type of flow distributor can be used. Flow distributor 130 can be supported by
center pipe 120, However, fhuid in the flow distributor 130 in this embodiment

is not in fluid comwounication with the interior 128 of center pipe 120,

Example of Center Pipe Structure within a Reactor

16654] FIG. 2 schematically shows a view of a catalyst bed platform
supporied by a center pipe within a reactor 200. Reactor 200 includes a reactor
wall 260. For convenience, reactor 200 is shown as having a {lat bottom in FIG.

2, but any convenient reactor shape can be used. FIG. 3 shows an example of a

reactor with a different botiom profile.

[6635] In FIG. 2, veactor 200 includes two catalyst beds 270 and 275.
Catalyst bed 270 corresponds to a catalyst bed supported by the floor of the
reactor. In this example, the existing reactor was initially configured for one
catalyst bed 270. The addition of catalyst bed platform allows for second
catalyst bed 275 to be formed in the existing reactor. During operation, fluids
for use in a reaction can enter reactor 200 at a location above the top of catalyst
bed 275, such as inlet 281, The fluids can pass through catalyst bed 275 and
then through the mesh 114, The fluid can then pass through flow distributor 130
prior to entering catalyst bed 270, Note that a portion of the volume of catalyst
bed 270 can be displaced by the center pipe 120 and the supporting legs 140.

The reactor effluent can then be withdrawn via an outlet 282,

[6056] FIG. 3 provides a perspective schematic view of a catalyst bed

platform with center support pipe in areactor. In FIG. 3, part of the outer shell
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of the reactor 1s cut away to allow for the view of the interior. FIG. 3 shows a
reactor that includes a reactor wall 360, The interior surface 362 of reactor wall
360 has a protective layer or coating to provide resistance to reactions taking
place within the reactor. In FIG. 3, the bottom of the reactor has a rounded or
eliiptical shape. In order to improve the contact between support legs 140 and
the reactor wall 360, support legs 140 are shown with optional feet 150, Feet
150 can be rotated to better align the surface of the feet with the interior surface

362 of reactor wall 360,

16657} It is noted that in some optional embodiments, the presence of the
center pipe structure and catalyst bed platform can allow a loaded reactor to have
a siratlar weight to a loaded reactor without the additional center pipe structure
and catalyst bed platforra. Although the catalyst bed platform and center pipe
structure add weight, the center pipe also creates an excluded volume within the
lower catalyst bed. This excluded volume of catalyst can result tn a reduced
catalyst weight that can be comparable to the weight gain from the additional

structures.

Example of Construction of a Platform in a Reactor

[6058] As noted above, one of the challenges of adding a catalyst bed
platform to an existing reactor is that the pieces for constructing the platform
have to enter the reactor. In the following example, a metheod for constructing a
platform ts described based on the pieces for constructing the platform entering
through a top manway. In this example, the manway diameter is about 24 inches
{about 61 cm), and the inner diameter of the reactor is about 150 inches (about

380 cm). In other examples, other reactor manway and/or inner diameters can

be accommodated.
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[0059] Note that the size of the catalyst bed platform components can
depend on the size of the reactor, the manway diameter, and other reactor
dimensions. The size of the catalyst bed platform pieces can additionally or
alternately depend on the location for the catalyst bed platform in the reactor.
For example, a reactor that has a catalyst bed with a bed length of about 60 feet
{about 18 meters) can be split in various ways. The exact vature of the catalyst
bed platform structure can depend on how much volume s desived for the upper

and lower catalyst beds.

{6860} In the example below, some or all of the various components shown
for constructing the collector, center support pipe, catalyst bed platform, and
optional distributor tray can represent pieces with machine cut tolerances, In
sorue stinations within a refinery, hand cut compouents can be suitable for
butiding structures for use in a reactor. However, in some embodiments, the
integrity of the resulting catalyst bed platform structure can be tmproved by

using pieces with machive cut tolerances.

(6661} This example of construction shows an embodiment where the
support for the support pipe is provided by the collector, as opposed to having a
series of legs supporting the support pipe. FIG. 4 shows the assembled structure,
which includes a catalyst bed platform 410, a center support pipe 450, and a
coliector 470. In an embodiment, the collector 470 can be placed in a reactor
over a central bottom drain or exit conduit in the reactor. The catalyst bed
platform 410 can have an outer diameter roughly corresponding to the inner
diameter of the reactor. Optionally, the outer diameter of the platform 410 can
include a lip structure that can assist with supporting a fill material for any gap
between the platform and the inner surface of the reactor. The center pipe 450
can be a single piece having a diameter less than the manway diameter. In an

embodiment where center pipe 450 inciudes a catalyst dump tubce opening 453,
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an exhaust opening cover or pipe can optionally be bolted on after the pipe s

passed through the manway.

16662} In this example, construction of the structure can begin with the
collector 470, FIG. Sa shows an example of a spider 572 and wedge piece 580
for constructing the collector. Spider 572 can include a series of slots 574 or
space between flanges. The slots 574 can be arvanged vadially around the center

nny
!
I

of the spider 572, The slots 574 can receive an inserting portion 582 of wedge
piece 380. The inserting portion 582 can facilitate bolting of the wedge piece
580 to the spider 372 for structural support. Throughout the structure, where
access is avatlable to both sides of a surface, pieces for assembly can be
connected using bolting holes 501 in the picce. Additionally or alternately, some
pieces can be counected using a bolting bar 503, to provide a convenient surface
for conpectivity, The spider 572 can have any convenient diameter. In some
embodiments, the spider 572 can have a diameter sufficient to reasonably fit
through the entry manway. Aliernately, the spider can be brought into the
reactor in pieces and welded or joined together within the reactor, which can
allow for a larger diameter for the spider. For the wedge pieces, any convenient
number can be used, so long as cach wedge piece is small enough to fit through
the entry manway. [n the embodiment shown tn FIG. Sa, the diameter of the
assembled collector is about twice the diameter of the 24 inch manway diameter.
In this embodiment, dividing the collector into six wedges is sufficient to allow

the pteces to fit through the manway.

16863} FIG. 5b shows the wedge pieces assembled into the spider to form a
collector 47¢. The collector 470 has a grating structure 585 that can allow fluid
to pass through the coliector grating while preventing catalyst particles from
passing through. In the embodiment shown in FIG. 5b, the assembled wedge
picces form an outer lip 384, Note that the embodiment shown in FIG. 5b

appears to have a roughly planar bottom surface. The shape of the bottom
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surface for a collector 470 can optionally be matched to the shape of the bottom

surface of a reactor.

16664] In various embodiments, the outlet collector {and therefore the
catalyst bed platform} can be supported ou the bottom head of the reactor. As an
alternative to matching the shape of the botiom of the collector to the shape of
the reactor, the collector can have a flat botiom. In such an embodiment, a
plurality of optional pads can be used, e.g., to more evenly disiribute the Joad
from the collector across the bottom head. This can reduce the siress
experienced by the bottom head of the reactor. FIG. 8 shows an example of this
type of embodiment. In the example shown 1a FIG. B, six pads 825 are placed
under the outlet collector 470, e.g., to distribute the downward load fror the
catalyst bed platform into the bottom head. Alternately, any convenient number
of pads €25 can be used, so long as the pads can pass through the manway. The
top of the pads can have a shape that corresponds to the shape of the bottom of
the outlet collector, such as a flat shape. The bottow of the pads can have, or can
be contoured to correspond to, the shape of the bottom head clad. In some
embodiments, the pads can be designed to have the outlet collector interlock
with the pad at a pad to outlet collector junction. The pads can optionally be
connected to the vessel, to cach other, and/or to the outlet collector. Bolted
clamps and or welding can be used to attach the outlet collector to the pads. If
desired, a retaining ring can be used to join the separate pads. If it is desired to
secure the pads to the clad on the bottom head, bolted clamps can additionally or
alternately be used. The clamps could alternately be welded to the vessel clad.
In other embodiments, no connection may be necessary between the pads and

the vessel, the other pads, and/or the outlet collector.

[6665] FIG. 5¢ shows bottom and side views of a piece 592 for a collector
hat. The collector hat picces 592 can be passed through the manway and

assembled inside the reactor using a bolting bar 593, Collector hat pieces 592
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can also include guide slots 594 that can lock onto the top of wedge pieces 580
when assembled. In some embodiments, the collector hat pieces 392 can include
an outer groove 396 for seating on top of outer lip 584 of the assembled wedge
picces. The assembled collector hat can be bolted 1o the wedge pieces via
bolting holes 598, FIG. 3d shows the assembled collector hat 530 on top of
collector 470, The collector hat 590 includes a support ring 599 for receiving
the bottow of the center support pipe 450. In the embodiment shown in FIG. 54,
the assembled collector hat 530 has a roughly planar shape. In another

ermbodiment, the collector hat 530 can have a conical shape.

160666} Auother aspect of the assembly is the assembly of the catalyst bed
platform itself. The catalyst bed platform can be supported by a plurality of
catalyst support beams 6135, e.g., as exemplified 1o FIG. 6a. The catalyst support
heams 615 can be single pieces, or the beams can euter through the reanway as
separate pteces that are assembled. In the embodiment shown in FIG. 6a,
catalyst support beam 615 can be assembled inside a reactor after passing pieces
622 and 623 through the manway. The pieces 622 and 623 can be joined by a
groove weld 625 as well as bolting flanges 627. Secondary support clips 628
can provide a clip location for secondary support beams to intersect the catalyst
support beams. The length of the catalyst support beam 615 can correspond to
the distance from the center support pipe to approximately the inner surface of
the reactor. The portion of the catalyst support beam 615 that comes into contact
with the inner surface of the reactor is lip portion 621. At the other end of
catalyst support beam 613, end portion 617 can be inserted tnto a support slot at
the top of center support pipe 458, The ring groove 619 will be discussed fusther

below.

(6067} FIG. 6b shows catalyst support beams 615 being assembled onto a
center support pipe 450, In FIG. 6b, the conter support pipe 450 has already

been secated on the collector 470, In the embodiment shown in FIG. 6b, six
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catalyst support bearns 615 are shown. The catalyst support beams 615 can be
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inserted into receiving slots 657, In alternate embodiments, the plurality of
catalyst support beams 615 (and receiving slots 657} can comprise any
convenient number, so long as the bears can support the weight of the catalyst
bed. It is noted that the number of beams can increase based on the diaweter of
the reactor. Depending on the emwbodiment, the number of beams can be at least
about 4, for example at least about 6, at least about &, or at least about 10. The
beams can be assembled from beam pieces that can fit through the wwanway. The
beam pieces can be joined by any convenient method, such as welding or

bolting.

16068] FIG. 6¢ shows aring support 630 that has been placed or seated in
ring groove 619 of the catalyst support beams 615, The ring support can be
brought in as a single piece or as several pieces that are joined inside the reactor.
The size of the ring support can be based on the structural needs for supporting
the catalyst bed platform and/or on the size of the manway, With regard to
support for the catalyst bed, the center support pipe 458 can provide the vertical
support for the Joad. The ring support 630 can provide the reaction moment to
support the catalyst support beams 615, Based on the expected load in the
catalyst bed, the size of the ring support {inchuding inner diameter, outer
diameter, and ring thickness} and the corresponding ring groove can be selected
to satisfy the structural support requirements. Such structural support
requirements can be determined, for example, by finite element modeling of a

structure.

16069} Fabrication of the ring support 630, ring groove 619, and catalyst
support beam 615 can benefit from precise fabrication tolerances. Because the
ring support 630 can provide the reaction moment for the cantilever structure,

any gaps between the ring support and the surfaces of the ring groove could
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potentially lead to undesired deflection and/or plastic deformation of the support

beam 615.

10676} Several options are available for connections related to ring support
630. fn some embodiments, ring support 630 can be assembled in the reactor
from multiple pieces, such as by welding pieces together. One option for
welding the ring support pieces together can be to weld the ring support after
seating the individual pieces in the ring groove 619, lu this type of embodirent,
a radial weld or “J-weld” connection can be used to join the ring pieces together.
The weld can match the shape of the visible portion of the seam between the
pieces of the ring, which can resemble a letier . 1t is noted that welding together
the ring pieces to form ring support 630 can tend to contract the ring as the weld
is formed. This can have the advantage of forming a tighter contact between the
ring support 630 and the support beams 615, by drawing the ring support toward
the inner portion of ring groove 619 as the weld s formed. Ring support 630
can be attached to the catalyst support beams 615 tn any convenient manuer.
Based on the configuration of the ring in the ring groove, welding may not be
required for attachment of the ring support 630 to the catalyst support beams

615,

16671} FIG. 6d shows additional parts of the catalyst bed platform support
structure, if needed. Secondary catalyst support beams 635 can be inserted into
secondary support clips 628 and can provide additional stability for the catalyst
bed platform. FIG. 6d also shows an optional catalyst dumping tube 652.
Catalyst dumping tube 652 can provide a method for removing catalyst from a
catalyst bed supported by the catalyst bed platform. As shown in FIG. 64,
catalyst dumping tube 632 can be located in the interior of center support pipe
450. Additionally or alternately, one or more catalyst dumping tubes can be
present outside of center support pipe 450. When a reactor is unloaded, catalyst

can pass through catalyst dumping tube 652 and drop to the lower catalyst bed in
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the reactor. The catalyst can then be removed from the reactor by any

convenient method.

16672} FI1G. 6¢ shows skirt sections 637 being added to the outer diameter
of the catalyst bed platform. FIG. 61 provides additional views of a skirt section
637, Skirt sections 637 can be added, if needed, to provide a continuous surface
for the outer diameter. In one embodiment, the diameter of the catalyst bed
platform can be selected so that skirt sections 637 do not contact the reactor
wall{s}). A skirt lip 639 of the catalyst bed platform can approach the wall, but
typically no contact will occur, In order to prevent liquid from bypassing the
catalyst bed platform around the exterior of the platforr, a fill material can be
used to fill the gap formed above the skirt lip 639 between the skt section 637
and the inner diameter of the reactor. The fill matenial, such as a glass rope
material, can be in contact with the inner diameter of the reactor, On the inner
circumference side of the skirt, a catalyst support ring 641 can be included to
provide additional edge support for the grid sections used to support the catalyst.
A distributor tray support ring 642 can be included to provide additional edge

support for a distributor tray or other flow distributor.

16673} FIG. 7a shows addition of secondary distributor tray support beams
744 to the catalyst bed platform, if necessary, which can intersect with the
catalyst support beams 615, In the embodiment shown in FIG. 7a, the distributor
tray forms part of the catalyst bed platform. In an alternative embodiment, the
distributor tray support structure can be separate from the catalyst bed platform.
It is noted that the majority of the weight and/or pressure exerted on the catalyst
bed platform can be duc to the weight of the catalyst bed and the pressure drop
across the catalyst bed. The lower loads experienced by the distributor tray can
be accommodated, if desired, by clipping or welding a distributor tray to the

cladding layer of the inner wall(s) of the reactor.
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16674} FIG. 7b shows the addition of distributor tray panels 762 to form a
distributor tray. The distributor tray panels 762 can rest on and/or be clipped to
and/or can otherwise be supported by the secondary distributor tray support
beams 744. The distributor tray panels 762 can additionally or aliernately be

chipped to and/or supported by the catalyst support beams 615.

16G75] FIG. 7¢ shows the addition of a catalyst support grid sections 764 to
form the catalyst bed support. The catalyst support grid sections 764 can be
supporied by catalyst support beams 615 and/or secondary catalyst support
beams 635, The grid sections can provide support for catalyst particles, so that
migration of catalyst particles does not occur between the top catalyst bed and
the bottow catalyst bed. In the embodiment shown in FIG. 7¢, the catalyst
support grid section 764 is shown as a wedge shaped section. Alternatively, any
convenient types of catalyst support sections 764 can be used, so long as the
sections can pass through the manway. For exawple, the catalyst support
sections 764 may not all have to have the same shape, so long as the vesulting
combination of catalyst support sections 764 produces a catalyst bed support

surface.

16676} FIG. 7d shows a catalyst bed platform with a fill material 766
around the perimeter. The embodiment shown in FIG. 7d represents a structure
as it could occur within a reactor. The fill material 766 can reside in the gap
formed between the outer skirt of the catalyst bed platform and the inner surface

of the reactor. The fill material 766 is supported by the skirt lip 639.

Example of Use in Hvdroprocessing

16677} In this example, a catalyst bed platform with a center support pipe
can be used to add a catalyst bed to a hydroprocessing reactor. For purposes of

this example, an existing reactor is used that originally has a single catalyst bed.
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During a catalyst turn-around, the catalyst bed platforma with a center support
pipe can be constructed within the reactor. The reactor can then be loaded with
two beds of catalyst. A first hydroprocessing catalyst can be loaded in the lower
{original} catalyst bed, while a second hydroprocessing catalyst can be loaded on
the new catalyst bed platform. The first and second hydroprocessing catalysts
can be the sarae or different. Optionally, the first and secound hydroprocessing
catalysts can be catalyst systems, comprising a series of catalysts stacked on top
of one another. The first and second hydvoprocessing catalysts can be selected
from any convenient catalyst or catalyst system for hydrotreatment, catalytic
hydroisomerization and/or dewaxing, hydrofinishing, and/or other desired

hydroprocessing function{s).

16678} In this example, the reactor can be configured for diesel
hydroprocessing. Insertion of the catalyst bed platform can allow for two stage
hydrotreatment of a diesel feed. In this example, the first and second
hydroprocessing catalysts can both be selected as diesel hydrotreatment
catalysts. The reactor can then be operated under effective hydrotreatment
conditions. In other applications, a catalyst bed platform can be added to a
reactor used for hydrocracking, chemicals processing, and/or another type of
catalytic processes that can benefit from the addition of a catalyst bed to a

reactor.

16679] In various embodiments, a suitable catalyst for hydrotreatment,
aromatic and/or olefin saturation, hydroisomerization/dewaxing, and/or
hydrofinishing can be a catalyst composed of one or more Group VHI and/or
Group VIB metals, cither bulk or on a support, optionally containing a binder.
The one or more Group VIHI and/or Group VIB metals can include, but are not
Hmited to, Co, Ni, Fe, Mo, W, Pt, Pd, Rh, Ry, Ir, or a combination thercof. Ina

supported catalyst embodiment, the metal can be Pt and/or Pd. In an alternate
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catalyst embodiment, the metal can be one or more of Co, Ni, Mo, and W, such

as CoMo, NiW, NiMo, or NiMoW,

[6886] When present, examples of suitable supports can include, but are not
Hmited to, magnesium oxides; hydrotalcites; other various types of clays;
activated carbon; refractory oxides including one or more metals selected from
aluminum, silicon, ttanium, zirconium, vanadium, molybdenum, manganese,
and cerium; silicoaluminophosphates; aluminophosphates; aluminosilicates
{zeolites); and combinations thereof. In some embodirnents where hydrothermal
stability is desired, the support roaterial can be substantially free of alumina. As
used herein, “substantially free” of alumina should be understood to mean less
than 1 wt% alumina, preferably less than 8.1 wi% alumina, for example less than

0.01 wi% of alurniva, corupletely no added alumina, or completely no alumina.

16081} When present, examples of suitable binders can include, but are not
Hmited to, refractory oxides including one or more metals selected from
aluminum, silicon, titanium, zirconium, vanadium, molybdenum, mangancse,
and certum. In some embodiments where hydrothermal stability is desired, the

binder material can be substantially free of alumina.

[6682] In bulk catalysts, the total amount of metals can be at least about 60
wt%, for example at least about 65 wi%, at least about 70 wt%, at lcast about 75
wt%, at least about RO wt%, at Ieast about 85 wt%, or at least about 90 wi%%,
based on the total catalyst weight, Additionally or alternately in bulk catalysts,
the total amount of binder (in bulk catalysts, although a support material can
optionally be present independent from a binder material, since the metals are
not strictly deposited thereon, both traditional support materials and binder
materials are classified together as bulk metal catalyst binders) can be no more

than about 40 wt%, for example no more than about 35 wt%, no more than about
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30 wt%, no more than about 25 wit%, no more than about 20 wi%, or no more

than about 15 wt%, based on the total catalyst weight.

10683} For supported catalysts, the amount of noble metal supported on the
catalyst, when preseunt, can be at least about 0.1 wi%, for example at least about
0.5 wi%, at least about 0.6 wt%, at least about 0.735 wt%, or at least about 1.0
wt%, based on the total catalyst weight. Additionally or alternately, the amount
of noble metal supported on the catalyst, when present, can be about 2.0 wi% or
less, for exarmple about 1.5 wit% or less, about 1.0 wit% or less, about .75 wit%
or less, or about (.6 wt%% or less, based on the total catalyst weight, More
generally for supported catalysts, the amount of metal(s), individually or in
mixtures, on the catalyst support can be at least about 0.1 wit%, for example at
least about (.25 wit%, at lcast about 0.5 wt%, at least about 0.6 wt%, at least
about .75 wit%, at teast about 1 wi¥%, at least about 2.5 wit%, or at least about §
wt%, based on the total catalyst weight. Additionally or alternately, the amount
of metal{s), individually or in mixtures, on the catalyst support can be about 35
wt% or less, for example about 20 wt% or less, about 15 wt% or less, about 10
wt% or less, or about 5 wi% or less, based on the total catalyst weight. The
amounts of metals may be measured by methods specified by ASTM for
individual metals including atomic absorption spectroscopy {AAS) or

inductively coupled plasma-atomic emisston spectrometry (FECP-AES).

16684} Additionally or alternately for supported catalysts, the amount of
binder, when present, can be at least about 10 wi%, for example at least about 20
wit%, at least about 25 wt%, at least about 30 wt%, at least about 35 wtY%, or at
icast about 40 wi%, based on the total weight of the catalyst. Further
additionally or alternately for supported catalysts, the amount of binder, when
present, can be no more than about 80 wt%, for example no more than 70 wit%,
no more than 60 wt%, no more than 50 wt%, no more than 45 wi%, no more

than 40 wt%, or no more than 33 wt%, based on the total weight of the catalyst.
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[6085] In some embodiments, the catalyst metals can be present in the form
of an oxide, a sulfide, or the ike, Additionally or alternately, catalyst metals can
be present in a metaliic state. Further additionally or alternately, catalyst metals
can be present, optionally on a support, inany convenient form. When catalyst
metals are present, e.g., on a support, if the form of a wetal salt, the wetal salt
can include a metal acetate, a metal carbonate, another organometallic form, or a

combination thereof,

16086} The hydrotreating conditions can include a temperature of at least
about 260°C, for example at least about 300°C; additionally or alternately, the
temperature can be about 425°C or less, for example about 400°C or less or
about 350°C or less. The hydrotreating conditions can additionally or alternately
include a ligquid hourly space velocity (LHSV) of at Jeast about 0.1 ™, for
example at least about §.3 hr'], at least about 0.5 b’ or at least about 1.0 hr"lg
additionally or alternately, the LHSY can be about 20 he or less, for example
about 10 bl or less, about 5.0 he' or less, or about 2.5 he' or fess. The
hydrotreating conditions can further additionally ov alternately include a
hydrogen partial pressure in the reactor from about 1.4 MPag (about 200 psig) to
about 20.7 MPag {about 3000 psig), for example about 2.8 MPag (about 400
psig) to about 13.8 MPag {(about 2000 psig). The hydrotreating conditions can
stil further additionally or alternately include a hydrogen to feed {treat gas) ratio
from about 85 Sm’/m’ (about 500 scf/bb) to about 1700 Sm™/m’ (about 10000
scf/bbl), for example about 170 Sm’/m’ (about 1000 scf/bbl) to about 850
Snr'/m’ (about 5000 scffbb),

Additional Embodiments

16687} Additionally or alternately, the invention can include one or more of

the following embodiments.
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10088] Embodiment 1. A catalyst bed platform structare, comprising: a
catalyst bed platform; a support pipe supporting the botiom of the catalyst bed
platform, a ceniral axis of the pipe being approximately aligned with a geometric
center of the catalyst bed platform; a flow distributor separated {row the catalyst
bed platform by a gap, the support pipe passing through the flow distributor and
attached to the flow distributor to provide support for the flow distributor; and a
pipe support structure supporting the bottow of the supportt pipe, the pipe
support structure being adapted to reside on a bottorn surface of an existing
reactor having walls and a top opening, wheretn the catalyst bed platform is
formed from components capable of passing into the existing reactor through the
top opening, which has a diameter of about 28 inches or less, without welding

the catalyst bed platform to a structural portion of the reactor walls,

16689] Ermbodiment 2. The catalyst bed platform structure of emabodiment
1, wherein the pipe support structure comprises a collector structure and/or a

plurality of support legs.

16698} Embodiment 3. The catalyst bed platform structure of any one of
the previous embodiments, wherein the catalyst bed platform comprises: a
plurality of catalyst support beams extending radially from the support pipe, the
plurality of catalyst support beams including a ring groove; and a ring support
seated in the ring groove, at least a top portion of the support pipe passing
through an inner opening of the ring, the ring support connecting the catalyst

support beams to the support pipe in a cantilevered manner.

16691} Embodiment 4. The catalyst bed platform structure of any one of
the previous embodiments, wherein the catalyst bed platform further comprises a

catalyst support grid, the catalyst support grid having a mesh size suitable for
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supporting catalyst particles, and a platform skirt forming an outer diameter

surface for the catalyst platform.

16692} Embodiment 5, A catalyst bed platform structare, comprising: a
collector structure; a support pipe supported by the collector structure; a plurality
of catalyst support beams extending radially from the support pipe, the plurality
of catalyst support beams including a ring groove; a ring support seated in the
ring groove, at least a top portion of the support pipe passing through an toner
opening of the ring, the ring support connecting the catalyst support beams to the
support pipe in a cantilevered manner; a catalyst support grid supported by the
catalyst support beams; optionally one or wore duruping tubes; and a platform

skirt forming an outer diameter surface for the catalyst platform.

16693] Ermbodiment 6. The catalyst bed platform structure of embodiment
5, further comprising a flow distributor located below the plurality of catalyst
support beams, the flow distributor being at least partially supported by the

support pipe and/or by beams supported by the support pipe.

16694} Embodiment 7. The catalyst bed platform structure of any one of
the previous embodiments, wherein an interior volume of the support pipe
comprises a catalyst dumping tube, the catalyst bed platform having an opening
above the interior volume of the support pipe for communication of catalyst
particles from a volume above the catalyst bed platform to the interior volume of

the support pipe.

4695 Embodiment 8. The catalyst bed platform structure of embodiment
7, further comprising: a lower catalyst bed, the collector and at least a portion of
the support pipe being within the lower catalyst bed; and an upper catalyst bed

supported by the catalyst support grid, wherein the support pipe comprises a
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catalyst dumping tube filled with inert catalyst, the exit for the catalyst dumping

tube being below a top level of the lower catalyst bed.

10096] Embodiment 9. The catalyst bed platform structure of any one of
embodiments 4-8, further comprising a {ill material supported between the

platform skirt and an inner wall of a reactor.

16697} Ermbodiment 10. The catalyst bed platform structure of any one of
the previous embodiments, wherein the catalyst bed platform structure is formed
from pieces that can pass through an opening having a diameter of about 28

inches or less, for example about 26 inches or less or about 24 inches or less.

16698} Ermbodiment 11, The catalyst bed platform structure of any one of
embodiments 3 or 5-10, wherein the ring support comptises a plurality of ting
support pieces, the ring support picces being joined by a radial weld after seating

the ring supportt pieces n the ring groove.

[6699] Embodiment 12. A method for dividing a catalyst bed in a reactor
without welding a catalyst bed platform to a structural portion of the reactor
walls, comprising: passing a plurality of catalyst bed platform components into
a reactor through an opening having a diameter of about 2K inches or less, for
example about 26 inches or less or about 24 inches or less, the reactor having a
first catalyst bed volume; constructing a catalyst bed platform within the reactor
using the catalyst bed platform components; supporting the constructed catalyst
bed platform with a support pipe, the length of the support pipe corresponding to
a height for the catalyst bed platform within the reactor, wherein the catalyst bed
platform divides the first catalyst bed volume into an upper catalyst bed volume
and a lower catalyst bed volume, at least one of the upper catalyst bed volume
and the fower catalyst bed volume having a length to diameter ratio of about 4:1

or less.



WO 2012/082969 PCT/US2011/065019

166106} Embodiment 13. The method of embodiment 12, wherein the first
catalyst bed volume has a length to diameter ratio of at least about 6:1, and at
least one of the upper catalyst bed volurne and the lower catalyst bed volume has

a length to diameter ratio of about 2.5:1 or less.

(66191} Embodiment 14, The emboediment of embodiment 12 or
embodiment 13, whevein supporting the constructed catalyst bed platform
comprises supporting the constructed catalyst bed platform without the catalyst
bed platform contacting an inner wall of the reactor so that a gap is formed
between the catalyst bed platform and the fvmer wall of the reactor, the wethod

further comprising inserting a fill waterial in the gap.
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CLAIMS:

L. A catalyst bed platform structure, comprising:

a catalyst bed platform;

a support pipe supporting the bottom of the catalyst bed platform, a
central axis of the pipe being approximately aligned with a geometric center of
the catalyst bed platformy;

a flow distributor separated from the catalyst bed platform by a
gap, the support pipe passing through the flow distributor and attached to the
flow distributor to provide support for the flow distributor; and

a pipe suppott structure supporting the bottom of the support pipe,
the pipe support structure being adapted to reside on a bottom surface of an
gxisting reactor having walls and a top opening;

wherein the catalyst bed platforr is formed from components
capable of passing into the existing reactor through the top opeuning, which has a
diameter of about 28 inches or less, without welding the catalyst bed platforru to

a siructural portion of the reactor walls,

2. The catalyst bed platform structure of claim 1, wherein the pipe
support structure comprises a collector structure and/or a phurality of support
legs.

3. The catalyst bed platform structure of any one of the previous
claims, wherein the catalyst bed platform comprises: a phurality of catalyst
support beams extending radially from the support pipe, the phurality of catalyst
support beams including a ring groove; and a ring support seated in the ring
groove, at least a top portion of the support pipe passing through an inner
opening of the ring, the ring support connecting the catalyst support beams to the

support pipe in a cantilevered manner,
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4. The catalyst bed platform structure of any one of the previous
claims, wherein the catalyst bed platform further comprises a catalyst support
grid, the catalyst support grid having a mesh size suitable for supporting catalyst
particles, and a platform skirt forming an outer diarneter surface for the catalyst

platform.

5. A catalyst bed platform structure, comprising:

a collector structure;

a support pipe supported by the collector structure;

a plurality of catalyst support beams extending radially from the
support pipe, the plurality of catalyst support beams including a ring groove;

a ring support seated in the ring groove, at least a top portion of the
support pipe passing through an inner opening of the ring, the ring support
connecting the catalyst support beaws to the support pipe 1o a cantilevered
manner;

a catalyst support grid supported by the catalyst support beams;
and

a platform skirt forming an outer diameter surface for the catalyst

platform.

6. The catalyst bed platform structure of claim S, further comprising a
flow distributor located below the plurality of catalyst support beams, the flow
distributor being at least partially supported by the support pipe and/or by beams

supported by the support pipe.

7. The catalyst bed platform structure of any one of the previous
claims, wherein an interior volume of the support pipe comprises a catalyst
dumping tube, the catalyst bed platform having an opening above the interior

volume of the support pipe for communication of catalyst particles from a
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volume above the catalyst bed platform to the interior volume of the support

pipe.

8. The catalyst bed platform structure of claim 7, further comprising:
a lower catalyst bed, the collector and at least a portion of the
support pipe being within the lower catalyst bed; and
an upper catalyst bed supported by the catalyst support grid;
wherein the support pipe comprises a catalyst dumping tube filled
with inert catalyst, the exit for the catalyst dumping tube being below a top level

of the lower catalyst bed.

9. The catalyst bed platforr structure of any one of clahus 4-8,
further comprising a fill waterial supported between the platform skirt and an

inner wall of a reactor.

10, The catalyst bed platforrn structure of any one of the previous
claims, wherein the catalyst bed platform structure is formed from pieces that
can pass through an opening having a diameter of about 28 inches or less, for

example about 26 inches or less or about 24 inches or less.

t1.  The catalyst bed platform structure of any one of claims 3 or 5-10,
wherein the ring support comprises a phlurality of ring support pieces, the ring
support pieces being joined by a radial weld after seating the ring support pieces

in the ring groove.

12, A method for dividing a catalyst bed in a reactor without welding a
catalyst bed platform to a structural portion of the reactor walls, comprising:
passing a plurality of catalyst bed platform components into a

reactor through an opening having a diameter of about 28 inches or less, for



WO 2012/082969 PCT/US2011/065019
40

example about 26 inches or lgss or about 24 inches or less, the -reactbr having a first
catalyst bed volume;

constructing a catalyst bed platform within the reactor using the
catalyst bed platform components;

supporting the constructed catalyst bed platform with a support pipe,
the length of the support pipe corresponding to a height for the catalyst bed platform
within the reactor;

wherein the catalyst bed platform divides the first catalyst bed volume
into an upper catalyst bed volume and a lower catalyst bed volume, at least onc of
the upper catalyst bed volume and the lower catalyst bed volume having a length to

diameter ratio of about 4:1 or less.

13.  The method of claim 12, wherein the first catalyst bed volume has a
length to diamcter ratio of at least about 6:1, and at least one of the upper catalyst
bed volume and the lower catalyst bed volume has a length to diameter ratio of about
2.5:1 or less,

‘ 14.  The method of any onc of claims 12-13, wherein supporting the
constructed catalyst bed platform comprises supporting the constructed catalyst bed
platform without the catalyst bed platform contacting apn inner wall of the reactor so
that a gap is formed between the catalyst bed platform and the inner wall of the

reactor, the method further comprising inserting a fill material in the gap.
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