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CATALYST BED PLATYORM WITH CENTER SUPPORT PIPE

FIELD OF THE INVENTION

[G061] The invention is related to structures and methods for adding a

catalyst bed to an existing reactor,

BACKGROUND OF THE INVENTION

[0652] Reactors for petroleurn refining can remain viable from a structural
standpoint for multiple decades. However, during this lengthy tivoe period,
advancements in refining techinology may lead to improved designs or methods
that do not match the onigival reactor structure. Systems and/or methods that
allow oldor reactors to be upgraded to take advantage of newer techuologics can
result 1o substantial cost savings, in comparison with retiving a reactor and

butiding a new structure,

[8683] Many conventioval or heritage catalytic reactors for petrolours
refining are single bed reactors. Some of these reactors can have long reactor
beds relative to the inner diameter of the reactor. For example, a ratio 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 targe volume of catalyst, the

single bed configuration can lead to reduced catalyst effectiveness.

[36441 (e reason for reduced catalyst effectiveness 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 probiems.
Another problem can be having a low liquid mass flux through the bed, where

the amount of liquid flowing through the bed per unit arca and por unit time is
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oo low to provide good flow characteristics, Other factors that can contribate 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 cxample of a
poot flow distribution can be “channeling” of a feed, where the feed
preferentially passes through a portion of the catalyst while expostng other
pottions of the catalyst to little or no flutd flow. Inasingle bed reactor, ifa
problem develops with the flow pattern of the flaids passing through the single

catalyst bed, the resulting poor flow distribution will fikely continue for the

entive length of the bed.

SUMMARY OF THE INVENTION

[60685] Oune 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 platformg, a central axis of the pipe being
approximately aligned with a geometric center of the catalyst bed platform; 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 support struchure supporting
the bottom of the support pipe, the pipe support structure being adapted o reside
on a bottony surface of an existing reactor having walls and a top opering,
wherein the catalyst bed platform is formed from components capable of passing
into the existing reactor through the top opening, which bas a diameter of about
28 inches or less, for example about 26 inches or ess or about 24 inches or less,
without welding the catalyst bed platform to a structural portion of the reactor

walls,

{6606] Another aspect of the invention relates to a catalyst bed platform
structure comprising: a collector structure; a support pipe supported by the

ollector structure; a plurality of catalyst support beams extending radiaily from

<«
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the support pipe, the plurality of catalyst support beams inchuding a ring groave;
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 conneciing the

»

catalyst support bearos to the support pipe in a cantilevered manuner; a catalyst
support grid supported by the catalyst support beams; optionally one or more

dumpiog tubes; and a platform skirt forming an outer diameter surface fov the

catalyst platform,

{6697} Stilf anothoer aspeet of the tovention relates to a mcthod 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 example about 26 inches or less or abont 24 inches or
less, the reactor having a first catalyst bod volume; constructing a catalyst bed
platform within the reactor using the cataiyst 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 velume and a lower catalyst bed volume, at
least oue of the upper catalyst bed volume and the lower catalyst bed volume

having a length to diameter ratio of about 411 or less.

BRIEFDESCRIPTION OF THE DRAWINGS

{B688] FIG. 1a schematicaily depicts a catalyst bed platform with a center

support pipe according to an embodiment of the invention.

[REEIRY FIG, 1b schematicatly shows a top down view of a catalyst bed

platform according to an embodiment of the invention.
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180181 FIG. l¢ schemarically shows a top cutaway view of a catalyst bed

platform tn the planc of a flow distributor.

{0611} FIG. 2 schematically shows a catalyst bed platform according to an

ernbodiment of the invention tn a reactor.

$612 FIG. 3 provides a perspective view of a catalvst bed platform
f persy 3 i

according to an ewbodiment of the invention in a reactor.

RHRT FIG. 4 shows an overview of a catalyst bed platform with a center

pipe support according to another embodiment of the invention.

[6014] FIGS, 5a-5d show varions views of picces for a collector for a
catalyst bed platform with a center pipe support according to an emboediment of

the invention.

{6861 5] FIGS. 6a-6f show various views of picces for a catalyst bed platform

according to an embodiment of the invention.

{861 6] FIGS. 7a and 76 show various views of picccs for a distributor tray

according to an embodiment of the inventicun.

{B617] FiG, 7¢ shows a catalyst support grid picce according to an

embodiment of the tnvention.

{GG18] FEG. 7d shows an example of an assembled catalyst support grid
according to an embodiment of the invention.

{6619 FIG. 8 shows an arrangement of the outlet colloctor with

ba )

incorporated support pads.
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DETAILEDDESCRIPTION OF THE PREFERRED EMBOBIMENTS

Overview
18628 fn 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 veactor with a single catalyst bed o a reactor with multiple catalyst
beds. Adding a catalyst bed platform to a reactor can allow tor addition of a
How distributor (such as a distributor tray) and/or guench systews {0 a reactor.
The flow distributor and/or guench systern can be added in the space created
helow the additional catalyst bed platform,. Addition of a distributor tray can
altow for improved fluid flow within a reactor, which can result in a

corresponding increase in the apparent activity of catalyst.

[8621] Muitiple bed reactors can be used for a vaviety of refinery processes,
such as hyvdredesulfurization processes and cold flow improvement processes.

In a muliiple bed reactor, a distributor tray and/or other desived reacior
internal(s) for distributing fluid flow can be used between beds to redistribute the
fluid tlow. 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.

{8622] Adding a catalyst bed to a reactor poses a variety of challenges. (ne
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 1s not operational. It is noteworthy that the
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impact of heating the siructural materials of the reactor wall to a sufficient

temperature for welding may be unclear.

{0623] 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 masway, which can have an
inner diameter, e.g., from about 18 inches {about 46 cm) to about 36 inches
{about 91 cmy). Some typical manways in older reactors can have inner
diameters from about 20 inches (about 51 ¢ to about 24 inches (about 61 em).
Other common examples of manway diaweters can be at least about 20 inche
{about 51 cm}, for example at least about 27 inches {about 56 cmy, at least about
24 inches {(about 61 ¢}, at least about 20 inches (about 66 crol, or at least about
28 inches {about 71 cw). Unless a hole is cut i the reactor wall(s), the materials
for adding the catalyst bed to an already constructed roactor have to enter
through an existing opening. The manway is typically the largest existing
opening available in an existing reactor for introducing components to add a
catalyst bed. Thus, depending on the embodiment, the pieces for constructing a
catalyst bed platform structure can be pieces that can pass through an epening
having a diamcter of about 36 inches (about 91 cov) or less, for example about 28
inches (about 71 cm) or less, about 26 inches (about 66 cm) or less, about 24
inches (about 61 o} or less, about 22 inches (about 56 cmj or less, or about 20
inches {(about 51 o) or fess. 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 least about 511, at least
about 6:1, or at least about 7:1. Additienally or alternatively, the ratio of the
inner diameter of the reactor to the manway diameter can tend to be about 911 or

fcss, tor cxample about 811 or less, about 7:1 or less, or about 6:1 or less.
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{6024} Another consideration for adding a catalyst bed platform 1o a reactor
is the structural intogrity 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 1o the pressure drop of fluid
passing through the catalyst bed during operation. A concern for a catalyst bed
platform supported by a contral support pipe can be that the support structure
may undergo plastic deformation if the load is not property transterved to the

flpor of the reactor vessel,

[6025] In various embodiments, structures and methods are provided for
ppgradiog an existing (alveady constructed) reactor to inchude an additional
catalyst bed. In an embodivsent, a catalyst bed platform with a center support
pipe can be used to add a catalyst bed to a reactor. The structure can fnclude a
catalyst bed platform for bolding catalyst. The catalyst bed platform can include
a grid with a mesh size small 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 oven distribution of a fluid flow, The
structure can also include a conter 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 bollow interior to allow for removal
of catalyst from the catalyst bed. The conter support pipe can pass through the
flow distributor and can optionally be attached to the How distributor to provide
support. The flow distributor can be supported directly by attachment to the
suppert pipe, or the flow distributor can be supported by radial support beams
that are themselves supported by the support pipe. The top of the pipe can be in

5

direct contact with the bottom of the catalyst bed platform. One or more catalyst
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fnmping tubes can allow for removal of catalyst from the catalyst bed platform.

A catalyst dumping tube can allow catalyst to be removed from the catalyst bed

platform via the hollow interior of the center support pipe. Additionally or
alternately, one or more catalyst dumping tubes can be included at other

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

[6826] 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 assernbled frorn a series of cormponents that can be passed through the

MEanway.

{6827} 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 matorial can be used to fill a gap between the platform and the
inner wall. Tn 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 steuctural portion of the reactor wall{s) and the catalyst

bed platform.

{6G28) A catalyst bed platform supported by a center support pipe can
pravide 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 required

for adding the catalyst bed. A catalyst bed platform with a conter 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 amonnt of time for

instailation can be reduced.

{8829 In some exobodiments, the addition of a catalyst bed platform can
iraprove the flow characteristics within a reactor. For exawple, one method for
characterizing a reactor can be the length of catalyst beds withia the reactor
versus the diameter of the reactor. In an embodiment, a reactor with a single
ratatyst bed cao initially have a ratio of catalyst bed longth to reactor diameter of
at least about 211, for example at least sbout 4:1, at least about 511, at Jeast shout
6:1. at least about 7: 1, ov at least about 8:1. Additonally or alternately, a
catalyst bed platform can be added to the reactor to allow formation of two
catalyst beds. In such an embodiment, at teast one of the resuliing catalyst beds
can have a vatio of catalyst bed length to reactor diarmcter of about 411 or less,
for example about 3:1 or less, about 2.5:1 or less, about 2:1 or less, or ghout
1.5:1 ov 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 ot less or about 2:1 or lgss. 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,

leading to a higher apparent activity for the catalyst.

Catalvst bed platform

{66381 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 example.
by having a catalyst bed platform with a suitable mesh size, Additionally or
alternately, the catalyst bed platform can be constructed of a plurality of

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

{8631} In an emboditoent, the primary support for the weight of the catalyst
bed platform can be provided by a support pipe. This is 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 portiou of a veactor wall can be composed of a
bull structural material, The bulk structural material can be selected for a
variety of reasons, including structural properties, beat transfer properties, and/or
the weight or cost of the material, An example of a suttable maferial can be
steel, such as a steel that complies with ASTM A387. A typical thickuess for the
reactor wall can be used, such as about 90 yuru or greater, for example about 100
mum or greater, shout 105 mm or greater, or about 110 mm or greater. More
generally, the thickness of a reactor wall can be from about 30 mym to about 300
mm or moere. Note that reactor walls are often thinner near the bottom and top of
argactor, 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 mm can be more likely to oceur in

the evlindrical main body of a reactor.

(6632} The portien of a reactor wall that faces the reaction cnvironment can
be reforred 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 aotivity occurring within the reactor. This covering
& ool

material can be a protective/cladding layer that is typically thinner than the bulk
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structural material. 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 mum,
for example at least about 3 mm or at least about § ., Additionally or
alternately, the cladding layer can be about 10 mm or less, for example about §
i ot tess or about 3 mmor less, In some embodiments, a cladding layer

thickness of about 3-4 mm can he typical.

[G033] In a conventional design, a catalyst bed platform can be sapported
by attaching the platform to the structural portion of the reactor wall(s). Foran
existing reactor, a typical attachment ¢an require welding the catalyst bed
platform to the bulk structural material that Hes underneath the protective

cladding layer.

{4334} I varions 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 {uner wall(s), such that the feedstock can
substantially pass through the catalyst bed and advantageously not (or as little as
possible} around the edge of the platform. In an alternative embodiment, contact
with the inper 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.

[60635] I another embodiment, the catalyst bed platform can have an outer

diameter that ts smaller than the inner diameter of the reactor. In this type of
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embaodiment, the catalyst bed platform outer surface can optionally include a lip
that protrudes out toward the inner wall(s) of the reactor. The lip can be locared
at an intormediate location on the cuter surface of the catalyst bed placform, such
as halfway between the top of the platform and the bottom of the platform, or at
another focation closer to either the top of the outer surface or closer to the
hottom of the ourer surface. Any gap remaiming between the outer surface of the
catalyst platform and the inner surface of the reactor wall can then be fled with
a material that substantially fills tho space between the outer surface of the
catalyst platform and the ioner surface of the reactor wall(s). The fill matenial
can be, for exarople, 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 ¢atalyst 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 provent leakage of feed around the catalyst bed platform.

Flow distributos

[G836] in a catalyst bed, a fluid flowing through the catalyst bed may have
an uncven distribution 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. An additional or alternate problem can be having a
fow liquid mass flux through the bed, where the amount of liguid flowing
through the bed per unit area and per unit time can be too low 1o 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
foading 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 cxample, some hydroprocessing
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reactions can result in formation of “coke” on catalyst particies. The formation
of “coke” or other changes in the shape of catalyst particles during reaction may
alter the space available for fluid flow and/or can lead to random channeling in a
catalyst bed, Yet a further additional or alternate possibility is that local
formation of “hot spots” 1 a catalyst bed way alter the flow of fluid through the

bed.

{6637} When a fluid flow omerges from a catalvst bed, it can be desivsble 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 lifetime of catalyst pasticles and/or
reducing potential hazards, such as localized heating v a catalyst bed, A vaviety
of flow distribution devices are available for use. The devices typically inchude
a plate or tray of some type with a phurality of openings to allow fluid to pass
through. If too much fow is incident ou a portion of the tray o plate, nov all of
the tluid may be abie to pass through the openings near the flow, 1n such
sttuations, the liguid 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

of more such trays of plates can bo used in a flow distribution device.

[0638] Pruring operation, a flow distributor can typically have at least a
small height of accumulated Hauid in or on the device, {f a distribution device is
located 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 aveid 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 uneven distribution is likely to

remain through the entire bed. in an cmbodiment. inscrting an additional
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catalyst platform into an exdsting reactor allows g catalyst bed 1o be divided into
two beds having shorter bed fengths, 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 potnt in the reactor,

RHERLY The support pipe for supporting the catalyst bed platform can also be
used o 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 crobodiment, the flow distributor can
be supported by the center support pipe without any attachment to the cladding
ot coating of the reactor wall{s). tn an alternate embodiment, the flow

distributor can be attached fo the ceating layer of the reactor wall.

Center Sunport Pine and Catalyst Bed Platform Supportt

RHER L Fn 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.

{06417 A center supportt pipe can be constructed from any materials suitable
for supporting a catalyst bad platform in the reaction environment present in the
veactor. For example, the pipe can be constructed from a bulle structural material
similar to the reactor wall{s), with a coating or cladding layer on the outside that
18 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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j0042] The center support is referred to here os a pipe due to the fact that
the cenier support may optionally be hollow for at least a portion of the length of
the pipe. Usc of a hollow center support, or a center support pipe, can aliow the
interior volume of the cenier support 1o be used as a pathway for unloading
catalyst, {n such an embodiment, an opening cao be included in the catalvst bed
platform to allow for removal of catalyst frors the catalyst bed platform. The
exit for the catalyst dumping tube can be located far enough down the E.cﬁi'il'e}’
support pipe so that the exit is below the top of where catalyst would be i the

lower catalyst bed,

{6043} The center support pipe can be supported by a structure that serves
as the outlet collector. Additionally 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 conventent number of legs can be used, such as three or more, .z,

four or more.

{8644 Use of a center supportt 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 o
approximate the lovelness 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 atlow for installation of an additional
catalyst bed without having to support the catalyst bed via welding to the bulk
structural portion of the reactor watl{s). Introducing a catalyst bed platform with
a center support pipe docs result in an excluded volume in the center of the
reactor. However, the excluded veolume from the center pipe can typically be

small relative to the total volume of the reactor.
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RHEERY 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 eperation. A hydroprocessing reacior is typically constructed using
one material as a structural material, and g second material as a coating or
cladding layer that provides improved vesistance to the reaction conditions. The
same type of design choice could be used for construction of the center support
pipe. This would lead to a center support pipe with similar thermal expansion

characteristics 1o the reactor,

16G45] Altornately, the conter support pipe can be cotaposed of the resistant
material throughout the pipe. o such a situation, the thermal expansion
characteristics of the center support pipe may differ from the expansion
characteristics of the reactor. As a result, the growth of the cenier support pips
may differ from the expansion of the reactor by as much as a few inches.
Although the catalyst bed platform typically does not contact the reactor walls, a
fill material between the platform and the reactor walls can be in 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.
g b p

{atalvst Loading and Unloading

{06471 As noted above, various {conventional} catalyst bed platform
designs can be used with a center support pipe in vartous embodiments. As a
result, catalvst 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, “seck™ loading or dense loading. {n embodiments where

the conter support pipe inchudes a catalyst dumping twbe, when catalyst is loaded
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into the reactor, the lower bed of the reactor can be filled first. The catalyst
dumping tobe can then be filled with a suitable matenial, such ag an inert
material, a catalyst used in the lower bed, and/or a catalyst to be used for the

1

upper catalyst bed supported by the catalyst bed platformn. Filling the catalyst
dumping tube can preveut removal of catalyst from the upper catal yst bed
supported by the catalyst bed platform until desived. The upper catalyst bed can

then be loaded into the reactor,

{B648] For eatalyst unloading, the conter pipe can be usod tn combination
with the existing catalyst unloading equipment of a reactor. Whea it ts desived
to rernove catalyst from the catalyst bed platform suppotted by the center

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

(8649 When it is desired to remove catalyst from the reactor, catalyst from
the lower catalyst bed can be removed from the veactor, e.g., in a conventional
manner. As catalyst is removed, the fevel of catalyst in the fower catatyst 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 inte the lower catalyst bed for removal, o some
embaodiments, to completely remove the catalyst from the catalyst bed platform,
forced air or another mechanism to move catalyst trom the edges of the catalyst
bed platform to the catalyst dumping tube may be needed. Removing catalyst
via the center suppott pipe can allow gravity to be the primary force for
removing catalyst from the bed, as opposed to primary suction or vacuin

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

[0G5Q] 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 conter support pipe can operate in a manner sinufar to the
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other catalyst dumping tubes described herein. The catalyst durmping tubes
outside of the center support pipe can resuit in additional excluded volume
within the reactor. In some erabodiments, however, this additional excluded
volume can be primarily located in the space between the upper and lower
catalyst beds, so the additional excluded volume can correspond to space that

can coutain little or no catalyst anyway.

Example of Center Pipe Structure

jBesi] FIG. 1a schematically shows an example of a catalyst bed platform
supported by a centor support pipe. FIG. 1a provides a side view of a catalyst
hed platform: 110, In the ermbodiment shown in FIG. 1a, the platform is
composed of a plurality of cross beams 112 and 113 that support a grid or mesh
114, Depending on the ombodiment, some of the cross beams 113 can be
directly supported by center pipe 120, while other beams 113 can transfer weight
to the center pipe 120 via support arms 122, Center pipe 120 can also support a
flow distributor 136, The flow distributor 130 cap include one or more

distributor plates, disteibutor trays, and/or other devices for more evenly
distributing a fluid flow. Optionally, flow distributor 130 can include or be
repiaced by a quench facility that can introduce additional fluid into the reactor
between the catalyst beds. Center pipe 120 can be supported by support legs

144, in the embodiment shown in FIG. 1a, two of four support legs are shawn.

[GB52] FIG. 1b shows a top down view of the catalyst bed platform. 1o
FIG. 1b, grid or mesh 114 covers all or nearly all of the surface arca 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 desived type
of catalyst particle. Suitable catalyst particles can include hydroprocessing
catalysts, The embodiment in FIG. 1b also includes an opening 252 for the

cataivst dumping tube.
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{6853} FIG. lc shows a cut away view of the structure 1n FIG. Ta in the
planc 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 suppovted by
certer pipe 120, However, fluid in the flow distributor 130 i this embodiment

is not i1 fluid communication with the interior 128 of center pipe 120

Example of Center Pipe Struciure within a Reactor

[6054] FIG. 2 schematically shows a view of a catalyst bed platform

supported by a center pipe within a reactor 200, Reactor 200 includes a veactor
wall 260, For convenience, reactor 200 1s shown as having a fiat 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.

{B855] In FIG. 2, veactor 200 includes two catalyst beds 270 and 273,
Catalyst bed 270 corvesponds 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 catalvst bed 270, Note that a portion of the volume of catalyst
bed 270 can be displaced by the conter pipe 120 and the supporting legs 140,

The reactor offluent can then be withdrawn via an outlet 252,

[8056] FIG. 3 provides a perspective schematic view of a catalyst bed

platforra with center support pipe in a reactor. In FIG. 3, part of the outer sheli
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of the reactor is 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
364 has a prowective layer or coating to provide resistance to reactions taking
place within the reactor. In FIG. 3, the bottom of the reactor has g rounded or
elliptical 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

130 can be rotated to better align the surface of the feet with the wterior surface

362 of reactor wall 360,

{6637] It is noted that in some optional embodiments, the presence of the
center pipe structuse and catalyst bed platform can allow a loaded reactor o have
a simnilar weight to a loaded reactor without the additional center pipe suructure
and catalyst bed platform. Although the catalyst bed platform and center pipe
structure add weight, the center pipe also creates an excluded volume withio the
Jower 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

[O858] 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. {u the foliowing example, a methed for constructing a
platform is deseribed based on the pieces for counstructing the platform entering
through a top manway. In this cxample, the manway diameter is about 24 inches
(about 61 cmy}, and the inner diameter of the reactor is about 150 inches (about
380 ¢m). In other examples, other reactor manway and/or inner diameters can

be accommodated.
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{6039 Mote that the size of the catalyst bed platform components can
depend on the size of the reactor, the manway diameter, and other veactor
dimensions. The size of the catalyst bed platform picees can additionally or
alternately depend on the location for the catalyst bed platform in the reactor,
For example, a reactor that has a ¢atalyst bed with a bed length of about 60 feet
{about 18 meters) can be split in vavious ways. The exact nature of the catalyst
bed platform structure can depend on how much volume ts desired for the upper

and lower catalyst beds.

{3068] Iy the exampic 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 maching cut tolerances. In
sore sttnations within a refinery, hand cut components can be suitable for
butiding structures for use in a reactor. However, in some erobodiments, the

integrity of the resulting catalyst bed platform structure can be tmproved by

using pieces with maching cut tolerances.

{6061} This cxample of construction shows an embodiment where the
support for the support pipe is provided by the collector, as opposed to having a
scrics of logs supporting the support pipe. FIG. 4 shows the assembled steucture,
which includes a catalyst bed platform 410, a center support pipe 433, and a
collector 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 fess than the manway diameter, In an

embodiment where center pipe 450 includes a catalyst dump tube opening 433,
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an exhaust apening cover or pipe can optionally be bolted on after the pipe s

passed through the manway.
{8663] In this example, construction of the siructure 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 sertes of slots 574 ov
space between flanges. The slots 374 can be arranged radially around the center
of the spider 372, The slote 574 can receive an fnserting portion 582 of wedge
picce 580, The inserting portion SR2 can facilitate boliing of the wedge piece
380 o the spider 372 for structural support. Throughout the structure, where
access is avatlable to both sides of a surface, pleces for assembly can be
connected using bolting holes 301 in the picce. Additionally or alternately, some
pieces can be comnected using @ bolting bar 503, to provide a convenient surface
for connoctivity., The spider 572 can have any convenient diameter. In some
embodiments, the spider 572 can have a diaweter sufficient to reasonably fit
through the entry manway. Alternately, the spider can be brought ivto 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 uscd, so long as cach wedge picce is small enough to fit through
the entry manway. In the embodiment shown in FIG. Sa, the diameter of the
assembled collector is about twice the diameter of the 24 inch manway diameter.

{n this embodiment, dividing the collector into gix wedges is sufficient to aliow

the pieces to fit through the manway.

[8663] FIG. 5b shows the wedge picees assembled into the spider to form a
collector 470, The collector 470 has a grating structure 585 that can allow fluid
to pass through the collector grating while preventing catalyst particies from
passing through. In the embodiment shown in FIG. 5t the assembled wedge
picces form an outer lip 584, 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 reacior.

{0664] in various embodiments, the outlet collector {(and therefore the
satalyst bed platform) can be supported ou the bottors head of the reactor. As an
alternative to matching the shape of the bottom of the collector to the shape of
the reactor, the collector can have a flat bottom. In such an ernbodiment, a
plurality of optional pads cau be uscd, e.g., to yoore evenly distribute the load
from the collector across the bottom head. This can reduce the siress
experienced by the bottom head of the reactor. FIG. & shows an example of this
type of embodiment. In the example shown in FIG. B, six pads 825 are placed
under the outlet collector 470, e.g., to distribute the downward load from the
catalyst bed platform into the bottom head. Altermnately, any convenient number
of pads 825 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 bottorn of the pads can have, or can
be contoured o 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 outict collector junction. The pads can optionally be
connected to the vessel, to gach other, and/or to the outlet collector, Bolted
clamps and or welding can be used to attach the putiet collector to the pads. I
desired, a retaining ring can be used to join the separate pads. 1 it is desired to
secure the pads to the clad on the bottom head, bolted clamps can additionally or
alternately be used. The clamps conld alternately be welded to the vessel clad.
in other embodimcats, no conpection may be necessary between the pads and

the vessel, the other pads, and/or the outlet coliecior,

{#065] FIG. 5¢ shows bottom and side views of a piece 592 for a collector
hat, The collector hat pieces 592 can be passed through the manway and

assembled inside the reactor using a bolting bar 393, Collector hat picces 592
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can also include guide slots 594 that can lock onto the top of wedge pieces S&G
when assembled. In some embodiments, the collector hat pieces 592 can include
an outer groove 596 for seating on top of outer lip 584 of the assembled wedge
picces. The assermbled collector hat can be bolted 1o the wedge pieces via
boliing holes 59%. FIG. 5d shows the assembled collector hat 590 on top of
collector 470. The collector hat 390 includes a support ving 599 for receiving
the bottom of the center support pipe 450, 1n the embodiment shown in F1G. 54,
the assembled collector hat 596 has a voughly planar shape. In another

embodiment, the coliector hat $90 can have a conieal shape.

{B866] Another aspect of the assembly s the assembly of the catalyst bed
platform itself. The catalyst bed platform can be supported by a plurality of
catalyst support beams 615, e.g., as exemplified 1o FIG, 6a. The catalyst support
beams 615 can be singic pieces, or the beams can cuter through the wanway as
separate pieces that are assembled. In the embodiment shown in FIG. 6a,
catalyst support bearn 613 can be assembled inside a reactor after passing pleces
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 suppert clips 628
can provide a clip location for sccondary support beams to intersect the catalyst
support beams. The length of the catalyst support beam 613 can correspond o
the distance from the center supportt pipe to approximately the inner surface of
the reactor. The portion of the catalyst support beam 615 that comes into contact
with the inoer surface of the reactor is lip portion 621, At the other end of
catalyst support beam 615, end portion 617 can be inserted into a support slot at

the top of contor support pipe 450, The ring groove 619 will be discussed further

below.
[#367] FIG. 6b shows catalyst support beams 613 being assembled onto a

center support pipe 450, In FIG. 6b, the center support pipe 450 has already

been seated on the collector 470, In the cmbodiment shown in FIG. 6b, six
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catalyst support bearns 615 are shown. The catalyst support beams 615 can be
inserted into receiving slots 6537, In alternate embodiments, the pluralily of
catalyst support beams 615 {(and recciving slots 637} can comprise any
convenient number, so long as the bearns can support the weight of the catalyst
bed. It ts voted that the number of beams can increase based on the diameter of
the reactor. Depending on the emnbodiment, the nurober of beams can be at east
about 4, for example af least about 6, at least about &, or at feast about 10, The
beams can be assernbled from beam pieces that can fit through the manway, The

beam pieces can be joined by any convenient method, such as welding or

bolting.
{B068] FEG. 6¢ shows a ring support 630 that has been placed or seated in

ring groove 619 of the catalyst support beams 615, The ring support can be
brought tn as a single piece or as several picces 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 450 can provide the vertical
support for the load. The ting support 630 can provide the reaction moment to
support the catalyst support beams 6135, Based on the expected load in the
catalyst bed, the size of the ring support (including inner diameter, outer
diameter, and ring thickness} and the corresponding ving groove can be selocted
to satisfy the structural support requirements. Such structural support
requirements can be determined, for exarmple, by finite clement modeling of a

structure,

[8669] Fabrication of the ring support 630, ving 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 1o undesired deflection and/or plastic deformation of the support

beam 615.

{8674 Several options are available for connections related to ring support
630, o some embodiments, ring support 630 can be assembled iu the reactor
from multiple pieces, such as by welding pieces together. One option for
welding the ving support pieces together can be to weld the ring support after
seating the individual picces in the ring groove 619, o this type of embuodiment,
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 betweeo the
picces of the ring, which can resemble a letter J. It is noted that welding together
the ring pleces to form ring support 630 can tend to contract the ving 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 inper portion of ring groove 619 as the weld s formed. Riog support 630
can be attached to the catalyst support beams 615 i any convenient manner,
Based on the configiwation of the ring o the ring groove, welding may not be

required for attachment of the ring support 630 to the catalyst support beams

{6071} 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. &d alse shows an optional catalyst dumping tube 652
Catalyst dumping tube 6352 can provide a method for removing catalyst from a
catalyst bed supported by atalyst bed platform. As shown in FIG. 6d,
catalyst dumping tube 652 can be located in the interior of center suppott pipe
450, Additionally or alternately, one or more catalyst dumping tubes can be
present outside of conter support pipe 450, When a reactor is unloaded, catalyst

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

convenient method,

{B672] FIG. 6¢ shows skirt sections 637 being added 1o the outer diameter
of the catalyst bed platform. FIG. 61 provides additioval views of a skirt section
637, Skirt sections 637 can be added, if needed, to provide a continuous surface
for the outer diameter. {n one erbodiment, the diameter of the catalyst bed
platform can be sclocted so that skivt sections 637 do not contact the reactor
wall(s). A skut Hp 639 of the catalyst bed platform can approach the wall, but
typically no contact will oceur, o order to prevent liquid from bypassing the
catalyst bed platform around the exterior of the platforr, a il material can be
nsed fo fill the gap formed above the skirt lip 639 between the skirt section 637
and the inner diameter of the reactor, The fill material, 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 suppott ring 641 can be included to
provide additional edge support for the grid sections used 1o support the catalyst,
A distributor tray support ring 642 cap be includad to provide additional edge

support for a distributor tray or other flow distributor,

{64731 FIG. 7a shows addition of secondary distributor tray support beams
744 1o the catalyst bed platform, i 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. o an alternative embadiment, the
distributor tray support structure can be separate from the catalyst bed platform.
tis noted that the majority of the weight and/or pressure oxerted on the catalbyst
bed platform can be due 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 accommedated, 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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[6674] F1G. 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 disiributor tray support
beams 744, The diswributor tray panels 762 can additionally or alternately be

clipped to and/or supported by the catalyst support beawms 6185,

{6875} FIG. 7¢ shows the addition of a catalyst support grid sections 764 to
form the catalyst bed support. The catalyst support guid sections 764 can be
supported by catalyst support beams 615 and/or secondary catalyst support
bearns 635, The grid sections cap provide support for catalyst particles, so that
migration of catalyst particles does not occur between the top catalyst bed and
the bottom catalyst bed. In the embodiment shown in FIG. Ve, the catalyst
support grid section 764 is shown as a wedge shaped section. Alternatively, any
onvenient types of catalyst support sections 764 can be used, so foug as the
sections can pass through the manway. For example, the catalyst support
sections 764 may not all have to have the same shape, so long as the vesulting
combination of catalyst suppott sections 764 produces a catalyst bed support

surface.

(8676} FIG. 7d shows a catalyst bed platform with a £ill matertal 766
around the perimeter. The embodiment shown in FIG. 7d represents a siructie
as it could occur within a reactor. The fill material 766 can veside 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 skivt Hip 639,

Example of Use In Hvdroprocessing

(8677} In this example, a catalyst bed platform with a center support pipe
can be used o add a catalyst bed to a hvdroprocessing reactor. For purposes of

this cxample, an existing reactor is used that originally has a single catalyst bed,
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During a catalyst urn-around, the catalyst bed platform with a center support
pipe can be consiructed 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
ihe new catalyst bed platform. The fivst and second hydroprocessing catalysts
can be the same or different. Optionally, the fivst and second hydroprocessing
catalysts can be caralyst systems, comprising a sevies of catalysts stacked on top
of one another. The fust and second hydroprocessing catalysts can be selected
from any convenient catalyst or catalyst system for hydrotreatinent, catalytic
hydroisomerization and/or dewaxing, hydeofinishing, and/or other desived

hydroprocessing function(s).

jea78; By thes example, the reacior can be configurved for diesel
hydroprocessing. Insertion of the catalyst bed platforay can allow for two stage
hydrotreatment of a diesel feed. In this exaraple, the first and second
hydroprocessing catalysts can both be selected as diesel hydrotreaiment
catalysts. The reactor can then be operated under effective hvdrotreatment
conditions, [n 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

l
£eActor,
{6079] In various embodiments, a suitable catalyst for hydrotreatment,

aromatic and/or olefin saturation, hydroisomerization/dewaxing, and/or
hydrofinishing can be a catalyst composed of ene or more Group VI and/or
Group VIB metals, either bulk or on a support, optionally containing a binder.
The onc or more Group VI and/or Group VIB metals can include, but are not
Himited to, Co, Ni, Fe, Mo, W, Pt, Pd, Bh, Ry, Ir, or a combination thereaf. 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 CoMao, NiW, NiMo, or NiMoW,

{60G86] When present, examples of suttable supports can include, but are not
Hrotted to, magnesivm oxides; hydrotaleites; other various types of clays;
activated carbon; refractory oxides including one or wore metals selected from
alumioum, silicon, titantum, zicconiurn, vanadium, molybdenum, manganese,
and cerium; silicoaluminophosphates; aluminephosphates; aluminosilicates
{zeolites); and combinations thereof. Insome embodirvents where hydrothermal
stability is desired, the support woaterial can be substantially free of alumina. As
used herein, “substantially free” of alumina should be understood to mean less

than 1 wt% alumina, prefevably less than 8.1 wit% aluming, for example less thao

0.01 wi% of alwmina, completely no added alumina, or completely no aluwina,
G681 When present, examples of sutiable binders can include, but are not
I

fHnited to, refractory oxides including one or more metals selected frow
aluminum, silicon, titanium, zirconium, vanadium, molybdenun, manganese,
and cerium. In some embodimenis where hydrothermal stability is desired, the

binder material can be substantially free of alumina,

[8682] Iy butk catalysts, the total amount of metals can be at [east about 60
wt%, for cxample at least about 65 wt%, at least about 70 wi%, at least about 73
wit%, at least about 80 wi%%, at least about RS wi%, or at least about 90 wt%%s,
based on the total catalyst weight. Additionally or alternately in bulk catalysts,
the total amount of binder {in buik catalysts, although a support material can
optionally be present independent trom a binder material, since the metals are
not strictly deposited thercon, 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 wit%, no more than about
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30 wit%, no more than about 25 wi%, no more than aboeut 20 wi%, or no morg

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

{6683] For supported catalysts, the amount of noble metal supported on the
catalyst, when present, can be at feast about 0.1 wi%, for example at least about
0.5 wi%, at least about 0.6 wi%, at least about .75 wi%s, or at least about 1.0
wt%, based on the total catalyst weight. Additionalty or alternately, the amount
of noble mctal supported on the catalyst, when present, can be about 2.0 wi% or
fess, for exarnple abour 1.5 wi% or less, about 1.0 wit% or less, about (L7535 wit%
or less, or about (.6 wi% 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 6.1 wit%, for example at ‘
feast about (.25 wi%, at least about 0.5 wi%, at least about 0.6 wt%, at least
about 0.75 wi%, at least about 1 wi%e, at least about 2.5 wit%, or at least about 5
wt%, based on the total catalyst weight. Additionally or altervately, the amount
of metal{s), individually ov in mixtures, on the catalyst support can be about 35
wt% or less, for example about 20 wi% or less, about 135 wt% or less, about 10
wit%o ot less, or about 3 wit% or less, based on the total catalyst weight, The
amournts of metals may be measured by methods specificd by ASTM for
individual metals including atomic absorption spectroscopy (AAS) or

induetively coupled plasma-atomic emission spectrometry ({CP-AES)

{3684} 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
wt%e, at feast about 25 wi%, at least about 30 wi%, at least about 35 wi%, or at
feast 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%,
ne more than 68 wt%, no more than 50 wt%, no more than 45 wt%, no more

than 48 wt%s, or no more than 33 wt%, based on the total weight of the catalyst.
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RRIRKY in some embaodiments, the catalyst metals can be present in the form
of an oxide, a sulfide, or the like, Additionally or alternately, catalyst metals can
be present in a mctallic state. Further additionally or aliernately, catalyst moctals
can be preseunt, optionally on a support, in any conventent form. When catalyst
metals are present, e.g., on a support, if the forro of a metal salt, the wetal salt
can inciude a metal acetate, a metal carbonate, another organometallic form, ora

combination thereot

{6686] The hydrofreating conditions can include a temperature of at feast
about 260°C, for example at least about 300°C; additionally or alternately, the
teraperatire can be about 425°C or less, for example about 400°C or less or
about 350°C or less. The hydrotreating conditions can addittonally or alternately
include a Hquid hourly space velocity (LHSY) of at loast about 0.1 ™', for
example at least about 8.3 hy! , at least abowt 0.5 h ', or at least about 1.0 hr"i;
additionally or alternately, the LHSV can be about 20 b or less, for example
about 10 b or less, about 5.0 hi! or less, or about 2.5 hr™' or less. The
hydrotreating conditions can funther additionally or alternately include a
hvdrogen 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 460
psig to about 13.8 MPag (about 2000 psig). The hydrotreating conditions can
still further additionally or alternately include a hydrogen to feed {treat gas) ratio
from about 85 Sm'/m’ (about 500 scf/bbl) to about 1700 Sm'/m’ (about 10000
set/bbl}, for example about 170 Sme/me {about 1000 scfibbly to about 8390

Sm/m’ (about 5000 sci/bbi).

Additional Embodiments

~

{4887} Additionally or alternately, the invention can include one ot more of

the following embodiments,
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[60G38] Embodiment 1. A catalyst bed platform struciure, comprising: o
catalyst bed platformy; 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 platform; a flow distributor separated from the catalyst
bed platform by g gap, the support pipe passing through the flow distributor and
attached to the tflow distributor to provide support for the flow distributor; and a
pipe support stnicture supporting the bottorn of the suppott pipe, the pipe
support structure being adapted to reside on a bottoro surface of an existing
reactor having walls and a top opentng, 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, without welding

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

(60849 Embodiment 2. The catalyst bed platform structure of embodiment
1, wherein the pipe support structure comprises a collector structure and/or a

plurality of support legs.

[8698] 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 radiaily from the support pipe, the
plurality of catalyst support beams including a ring groove: and a ring support
seated 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 catalyat

support beams to the support pipe in a cantilevered mannar.

{6091} Embodiment 4. The catalyst bed platform siructure 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,

[806%2] Embodiment 5. A catalysi bed platform structure, comprising: a
collector structure; a support pipe supported by the collector structure; a plurality
of catalyst support bears extending radially from the support pipe, the plurality
of catalyst support beams including a ving groove: a ring support seated in the
ring groove, at least a top portion of the support pipe passing through an {noer
opening of the ring, the ring suppott connecting the catalyst support beams to the
support pipe in a cantilovered marmer; a catalyst support grid supported by the
catalyst support bearns; optionally one or more dumiping tubes; and a platform

sliirt forming an outer diameter surface for the catalyst platform.

[6693] Embaodiment 6. The catalyst bed platform structure of embodiment
5., further comprising a flow distributor loeated 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.

[8694] Embodiment 7. The catalyst bed platform structure of any one of
the previous embodiments, wherein an interior vehune of the support pipe
comprises a catalyst dumping tabe, 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 velume of

the support pipe.

{6095} Embodiment 8. The catalyst bed platform structure of ecmbodiment
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 wbe filled with inert catalyst, the exit for the catalyst dumping

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

EREEY Hmbodiment 9. The catalyst bed platform structure of any one of
erbodiments 4-8, further coruprising a fUl material supported between the

platform skirt and an inner wall of a reactor.

[6697] Embodiment 10, The catalyst bed platform structire of any onc of
the previous erabodimerus, 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 ot about 24 inches or less,

[G898] Erabodiment 11, The catalyst bed platform structure of any one of
crubodiments 3 or 5-10, wherein the ring support comprises a plurality of ving
support pigees, the ring support pieces being joined by a radial weld after seating

ihe ring suppott pieces in the ting groove.

[REE 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 28 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 componeuts; 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 lower catalyst bed volume having a length to diameter ratip of about 4:1

or 1oss,
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[B6166] 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 volume and the lower catalyst bed volume has

1

a length to diameter vatio of about 2.5:1 or lcss.

{68101 Frabodiment 14, The embodiment of embodiment 12 or
embodiment 13, wherein supporting the constructed catalyst bed platform
comprises suppotting the constructed catalyst bed platform without the catalyst
bed platform contacting an inner wall of the veactor so that a gap s formed
between the catalyst bed platform and the immer wall of the reactor, the method

fuyrther comprising inserting a fill waterial in the gap.
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CLAIMS:
1. 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 platform, wherein an interior volume of the support pipe comprises a catalyst
dumping tube;

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 support structure supporting the bottom of the support pipe, the pipe
support structure being adapted to reside on 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, without welding the catalyst bed platform to a structural
portion of the reactor walls; and

wherein the catalyst bed platform has 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.

2. The catalyst bed platform structure of claim 1, wherein the pipe support

structure comprises a collector structure.

3. The catalyst bed platform structure of claim 1, wherein the pipe support

structure comprises a plurality of support legs.

4. The catalyst bed platform structure of claim 1, 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
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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.

5. The catalyst bed platform structure of claim 1, wherein the catalyst bed
platform further comprises a catalyst support grid, the catalyst support grid having a

mesh size suitable for supporting catalyst particles.

6. The catalyst bed platform structure of claim 1, wherein the catalyst bed
platform structure is formed from pieces that can pass through an opening having a

diameter of about 24 inches or less.

7. 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 beams to the support pipe in 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.

8. The catalyst bed platform structure of claim 7, further comprising one or more

catalyst dumping tubes.

9. The catalyst bed platform structure of claim 8, wherein a catalyst dumping
tube is formed from the interior of the support pipe, the catalyst support grid having
an opening above the support pipe to allow for passage of catalyst particles from the

catalyst support grid to the catalyst dumping tube.
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10.  The catalyst bed platform structure of claim 7, further comprising a fill

material supported between the platform skirt and an inner wall of a reactor.

11.  The catalyst bed platform structure of claim 7, wherein the catalyst bed
platform structure is formed from pieces that can pass through an opening having a

diameter of about 24 inches or less.

12. The catalyst bed platform structure of claim 7, 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.

13.  The catalyst bed platform structure of claim 7, wherein the ring support
comprises a plurality of ring support pieces, the ring support pieces being joined by a

radial weld after seating the ring support pieces in the ring groove.

14. The catalyst bed platform structure of claim 8, 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.

15. The catalyst bed platform structure of claim 14, 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.

16. 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 platform;
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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;

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

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;

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, without welding the catalyst bed platform to a structural

portion of the reactor walls.



