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PROCESS VESSEL ENTRY ZONES

BACKGROUND

1. Related Applications

[0001] This application claims the benefit, and priority benefit, of U.S. Provisional Patent
Application Serial No. 63/076,226, filed September 9, 2020, the disclosure and contents of

which are incorporated by reference herein in their entirety.

2. Field of the Invention

[0002] The presently disclosed subject matter relates to improving the functionality and

efficiency of industrial process vessels.

3. Description of the Related Art

[0003] Many industrial process vessels include fluid process streams entering and exiting the
vessel. Some vessels can have streams that migrate or recycle within or around the vessel.
Commercial process vessels can be from 4 inches to 18 feet in diameter and 1 to 100 feet in
height. Conventional vessels can include bed materials, which are typically 3 inches in size or

less.

[0004] Materials can be loaded into process vessels as a packed bed of elements. Within a
packed bed, space exists between the elements, known as “interstitial space.” Additionally,
elements can have space that exists within themselves, defined as “internal void.” Fluid flow
in a packed bed occurs in the interstitial spaces and internal voids unless the sizes of the
individual spaces and voids are typically less than one micron. The “porosity” of the packed
bed is defined as the total volume of the interstitial spaces and internal voids available for fluid

flow in the packed bed divided by the total volume of the packed bed. It has been
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commonplace in the industry to overlap these terms, creating confusion. The definitions are

created here so they can be used in interpreting the remainder of the document.

[0005] Processing elements are loaded into process vessels as packed beds. Processing
elements can be catalysts, sorbents, or the like. These processing bed elements are typically
formed as small kernels the size of corn or rice via extrusion or other methods. Conventional
processing elements weigh in the range of 25 to 50 pounds per cubic foot. Weight per piece
can be 10 to 50 mg. Porosity is an important value when considering the performance and
behavior of a processing bed. Processing bed porosity is typically in the range of 30 - 45% and
is entirely composed of interstitial space. Lacking voids available for fluid flow, processing

bed internal void is 0%.

[0006] Vessels are designed and operated in cycles, that is, in a series of continuous modes
each lasting for weeks, months or years. End-of-cycle vessel operations can be triggered by
exhaustion of the capabilities of processing bed elements disposed within the vessels, pressure

drop, shutdown for required vessel inspections, upsets (e.g., a power outage) and the like.

[0007] In a process vessel, fluids flow from entry to exit via pressure differential. This
differential is referred to as pressure drop. The higher the pressure drop, the harder upstream
pumps and compressors have to work. Once the pressure drop increases past a certain point
the pumps and compressors can no longer keep up with the higher pressure differential and the

unit must be shut down. Increased pressure drop is not desired.

[0008] Improvements in this field of technology are desired.
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SUMMARY

[0009] The following presents a simplified summary of the disclosed subject matter in order
to provide a basic understanding of some aspects thereof. This summary is not an exhaustive

overview of the technology disclosed herein.

[0010] In certain illustrative embodiments, a method of providing improved stability and
filtration of fluid process stream flow in a process vessel is provided, which can include:
passing the fluid process stream flow through a processing zone within the process vessel, the
processing zone containing one or more beds of processing elements; and prior to passing the
fluid process stream flow through the processing bed, passing the fluid process stream flow
through an entry zone located upstream of the processing bed, wherein the entry zone contains
a bed of stability-improving materials which can have a porosity in the range from 67% to 87%,
which can have a density in the range from 30 — 60 1bs/ft3, and can have a weight per piece of
25-200 grams. The stabilizing materials can have internal void capable of capturing undesired
species from the fluid process stream flow. The entry zone can include one or more layers of
stability-improving materials. There can be a treating zone downstream the entry zone. The
stability-improving material stabilize and prevent movement of the treating elements in the
treating zone. The internal void of the stability-improving material can contain a network of
interconnected pores that are able to trap and retain undesired particles. The internal void of
the stability-improving material can be tortuous. The internal void can be 20% — 42% of the
entry zone volume. The internal void can be 20% — 40% of the entry zone volume. The internal
void can be 25% — 42% of the entry zone volume. The internal void can be 25% — 35% of the
entry zone volume. The internal void can be 30% — 40% of the entry zone volume. The internal
void can be 30% — 35% of the entry zone volume. The internal void can be 20% — 35% of the

entry zone volume. The weight per piece can be 30 — 200 grams. The weight per piece can be
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65 — 200 grams. The weight per piece can be 70 — 300 grams. The weight per piece can be 70
— 200 grams. The weight per piece can be 35 — 300 grams. The weight per piece can be 12 —
200 grams. The weight per piece can be 12 — 300 grams. The weight per piece of the stability-
improving material can be 2500 — 4000 times greater than the downstream processing elements.
The weight per piece of the stability-improving material can be 2 — 25 times greater than the
downstream treating elements. The weight per piece of the stability-improving material can be
2 — 10 times greater than the downstream treating elements. The stability-improving material
can stabilize and prevent movement of the processing elements in the processing bed. The fluid
process stream flow exiting the entry zone can flow directly into the processing bed or treating
zone. The stability-improving material can stabilize and prevent movement of the process
elements in the processing bed. A permeable mesh can separate the entry zone and the
processing bed. A void space can present between the exit of the entry zone and the entrance
to the processing bed. The composition of the stability-improving materials in the entry zone
can include one or more of iron, tungsten, zirconium, titania, alumina, and the like. The
composition of the stability-improving materials in the entry zone can include one or more
oxides of iron, tungsten, zirconium, titania, alumina, and the like. The composition of the
stability-improving materials in the entry zone can include one or more carbides of iron,
tungsten, zirconium, titania, alumina, and the like. The stability-improving materials in the

entry zone can be secured to the internal walls of the process vessel.

[0011] In certain illustrative embodiments, a process vessel is provided. The process vessel
can include: a processing zone containing one or more beds of processing elements; and an
entry zone located upstream of the processing bed, the entry zone comprising a bed of stability-
improving materials having a porosity in the range from 67% to 87%, a density in the range
from 30 — 60 1bs/ft3, a weight per piece of 25 - 200 grams, and an internal void capable of

capturing undesired species from a fluid process stream flow passing therethrough. The process
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vessel can be, for example, a reformer, a hydrotreater, a naphtha hydrotreater, a fluid catalytic
cracker gasoline treater unit, a hydrodesulfurization unit, an isomerization unit, or a sulfur

recovery unit.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] A better understanding of the presently disclosed subject matter can be obtained when
the following detailed description is considered in conjunction with the following drawings,

wherein:

[0013] FIG. 1 is an illustration of vorticity and horizontal diffusion in a process vessel in

accordance with an illustrative embodiment of the presently disclosed subject matter;

[0014] FIG. 2 is an illustration of vorticity and vertical diffusion in a process vessel in

accordance with an illustrative embodiment of the presently disclosed subject matter;

[0015] FIG. 3 is an illustration of coning in a process vessel in accordance with an illustrative

embodiment of the presently disclosed subject matter;

[0016] FIG. 4 is an illustration of dishing in a process vessel in accordance with an illustrative

embodiment of the presently disclosed subject matter;

[0017] FIG. 5 is an illustration of a dished treating zone in a process vessel in accordance with

an illustrative embodiment of the presently disclosed subject matter;

[0018] FIG. 6 is an illustration of a stabilizing zone on top of a treating zone, where fouling
has occurred above the stabilizing zone, blocking off access to the downstream treating zone

in accordance with an illustrative embodiment of the presently disclosed subject matter;

[0019] FIG. 7 is an illustration of a stabilizing zone with high velocity streams and fouling in
a process vessel in accordance with an illustrative embodiment of the presently disclosed

subject matter;

[0020] FIG. 8 is an illustration of a treating zone with fluid processing streams in a process

vessel in accordance with an illustrative embodiment of the presently disclosed subject matter;
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[0021] FIG. 9 is an illustration of a stability-improving material and a treating zone beneath
the stability-improving material in a process vessel in accordance with an illustrative

embodiment of the presently disclosed subject matter;

[0022] FIG. 10is an illustration of a stability-improving material and a processing bed beneath
the stability-improving material in a process vessel in accordance with an illustrative

embodiment of the presently disclosed subject matter;

[0023] FIG. 11 is an illustration of an impinged processing bed under a distributor tray
downcomer in a processing vessel in accordance with an illustrative embodiment of the

presently disclosed subject matter;

[0024] FIG. 12 is an illustration of a stability-improving material positioned below a
distributor tray and protecting a processing bed in a process vessel in accordance with an

illustrative embodiment of the presently disclosed subject matter;

[0025] FIG. 13 is an illustration of three intrusive devices known as trash baskets, bypass
tubes, and a bypass device, where each are shown to be embedded in or through the entry zone

in accordance with an illustrative embodiment of the presently disclosed subject matter;

[0026] While certain preferred illustrative embodiments will be described herein, it will be
understood that this description is not intended to limit the subject matter to those
embodiments. On the contrary, it is intended to cover all alternatives, modifications, and
equivalents, as may be included within the spirit and scope of the subject matter as defined by

the appended claims.
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DETAILED DESCRIPTION

[0027] According to the various illustrative embodiments disclosed herein, materials and
related methods for improving the functionality and efficiency of a processing bed 40 in an

industrial process vessel 10 are provided.

[0028] FIG. 1 and FIG. 2 are illustrations of a process vessel 10. Process vessels 10 can
include mechanical devices to help distribute and reduce high velocities in the feed streams 20
entering the vessel 10. These zones of the vessel 10 can be described as inlet zones 80, which
are installed between the primary feed stream input flange and bed materials. Inlet zones 80
can help to distribute and reduce high velocities in the entering feed streams 20. Inlet zones 80
can comprise devices such as engineered stream diffusion nozzles 90, as well as perforated
plates and distribution trays 200. Such devices can be complex engineered devices that can be
expensive and bulky. Expense includes the efforts to engineer, design, install, operate and
maintain the facilities. Conventional engineered inlet zones 80 typically consume

approximately 2 to 4 feet of vertical space within a vessel 10.

[0029] Other mechanical devices, herein called “intrusive devices” have been known to be
installed and intrude into the packed bed of the vessel where bed material is packed around
them. These are devices which can allow fluid to bypass the top of the bed in the event plugging
occurs. Examples of intrusive devices would be “trash baskets”, “bypass tubes™, or a “bypass
device”. The bypass device, embedded in bed materials, could be a collection of bypass tubes
connected to a means of distribution. Disclosed materials can be used alongside these intrusive

devices.

[0030] Vessels 10 have been known to have feed rates which generate high velocities at the

inlet which create vorticity and horizontal/vertical diffusion. FIG. 1 is an illustration of
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vorticity and horizontal diffusion in a process vessel 10, and FIG. 2 is an illustration of vorticity
and vertical diffusion in a process vessel 10. Inlet zones 80 are intended to help diffuse these
high velocities to generate gentler fluid velocities, eliminating high velocity streams. Even so,
there are cases where the inlet zones 80 are unable to reduce the fluid velocities to acceptable
operating limits. Mechanical devices in the inlet zone 80 can become damaged or hindered
during installation or operation which can also impeded their ability to operate correctly. The
high velocities generated in these instances can initiate movement of processing elements 30
in the processing bed 40, known as “bed movement”. Once the processing elements 30 begin
to move, the uppermost portion of the processing bed 40 can be made to swirl and collide, with
the processing elements 30 grinding against one another. This can quickly lead to vessel
shutdown as the processing elements 30 abrade and break apart, contributing to an

unsustainable disturbance and loss of acceptable operating conditions.

[0031] Common types of bed movement events include coning, dishing, gouging,
impingement, and fluffing. FIG. 3 is an illustration of coning in a process vessel 10. Coning
120 is defined as the processing elements 30 (e.g., catalyst) in the uppermost portion of the
processing bed 40 being swirled and broken apart as particulates are moved toward the cross-
sectional center of the processing bed 40, forming a cone. Dishing 130 is defined as the
uppermost portion of the processing bed 40 swirling and breaking apart as the particulates of
processing elements 30 are moved towards the cross-section perimeter of the processing bed
40 and leaving a bowl or dish shape depression in the center. FIG. 4 is an illustration of dishing
in a process vessel 10. FIG. 5is an illustration of a dished treating zone 180 in a process vessel
10. Gouging is where the high fluid velocities only affect a small portion of the processing
elements 30, but it is enough to create an asymmetric gouge or scar in a small location of the
processing bed 40, pushing the broken processing elements 30 into other parts of the bed 40.

Fluffing includes situations where flow rate is reversed from the normal down flow operation.
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When fluids move upward at a sufficient velocity they can entrain bed materials. Impingement
can be defined as the instruction of a fluid into a packed bed causing bed materials to be
displaced forming a hole. FIG. 11 is an illustration of an impinged processing bed 220
under a distributor tray downcomer 210 in a processing vessel 10. In any of these types of bed
movement events, the result can be catastrophic and can end the cycle of the processing vessel

10, where a shutdown may be required to fix the problem.

[0032] Some processing vessels 10 can include stabilizing zones 110 intended to stabilize beds
40 of processing materials 30 contained in the process vessel 10 and can offer protection or can
eliminate these bed movement events. FIG. 6 is an illustration of stabilizing zones with high
velocity streams 20. Stabilizing zones 110 can contain stabilizing elements 115 and are
installed below the inlet zone 80 and upstream of the processing elements 30. Conventional
stabilizing zones 110 consist of stabilizing elements 115 typically made from ceramic and can
include elements such as support balls, dogbones, butterflies, wagon wheels and the like. These
elements 115 have densities in the range of 55 - 130 pounds per cubic foot, a packed bed
porosity of 40% - 65%, and a weight per element of 3 grams to 190 grams. Although suitable
for stabilizing, these elements 115 have poor filtration performance due to their low porosity.
The internal void porosity of stabilizing elements 115 is typically close to zero percent (0%).
However, these elements 115 can have an internal void of 3-5% and potentially up to 20%. A
bed of stabilizing elements 115 with an internal void of 20% corresponds to approximately
65% porosity. The porosity of the packed bed is defined as the total volume of the spaces and
voids available for fluid flow in the packed bed divided by the total volume of the packed bed.
Low porosity is defined as any packed bed with less than or equal to 65% total porosity.
Conversely, high porosity is defined as any bed with over 65% total porosity. Low porosity
beds can create problems due to caking, plugging, etc. of the stabilizing elements 115. Particles

deposit on the surface and can build up eventually plugging the vessel 10 and creating a cake

10
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layer 140. FIG. 7 is an illustration of stabilizing zones with high velocity streams and fouling
that creates a cake layer 140. Stabilizing elements 115 utilize volumes and depths within the
vessel 10 which detract from the amounts of processing materials 30 in processing bed 40 that
can be installed in the vessel 10 and, accordingly, detracts from the processing capability of

the processing bed 40.

[0033] Process vessels 10 can also include treating zones 150 installed to facilitate internal
filtration of undesired species contained within streams. Treating zones 150 can contain
treating elements 160. FIG. 8 is an illustration of a treating zone 150 with fluid processing
streams 20 in a process vessel 10. Treating zones 150 are typically placed upstream of
processing beds 40. Treating elements 160 are intended to help mitigate caking and plugging
problems in the vessel 10 and are designed to have a large internal capacity for particles.
Treating elements 160 have densities in the range of 12 - 30 pounds per cubic foot, a porosity
of 88% - 95%, and a weight per element of 8 - 30 grams. The high porosity provides the
treating elements 160 with the ability to store large amounts of particles before pressure drop
formation can take place in the vessel 10. However, the large porosity exposes the elements
160 to a lower velocity threshold of bed movement. When these elements 160 are used on top
of the bed, with sufficiently high velocity streams, movement of bed materials is possible,

which can create a coned or dished bed of treating elements 160 or other bed disturbance.

[0034] The stabilizing zone 110 comprised of stabilizing elements 115 can be positioned
upstream of the treating zone 150 of treating elements 160 in order to provide resistance to bed
movement. In these cases, the stabilizing elements 115 can prevent bed movement, but
introduce two additional undesirable constraints on the vessel 10 similar to the constraints
already discussed above. The stabilizing elements 115 can require an increase in vessel volume

and depth to install at the cost of the removal of processing elements 30 or other bed materials.

11
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Also, the stabilizing elements 115 can block any particles from being stored in the downstream
treating zone 150, rendering the high porosity required for treating zone particle storage
unusable. This can lead to an undesirable increase in pressure drop caused by particle

accumulation 140 in the stabilizing zone 110.

[0035] In certain illustrative embodiments, process vessels 10 can contain one or more entry
zones 170 containing stability-improving materials 175. The entry zones 170 address bed
movement and filtration problems. FIG. 9 is an illustration of a stability-improving material
175 and a treating zone beneath the stability-improving material 175, and FIG. 10 is an
illustration of a stability-improving material 175 and a processing bed 40 beneath the stability-

improving material 175.

[0036] Bed movement problems can be characterized as a mismatch between the velocity of
the process stream 20 as it enters the processing bed 40 and the material properties of the
processing elements 30 at the top of the bed 40. In a packed bed with no external fluid forces
applied, gravity is the only force which holds the elements 30 in place. If the fluid forces
applied to the elements 30 overcome the gravitational forces, bed movement will occur. The
force which a fluid can apply to a given element is proportional to the density of the fluid, the
square of the velocity of the fluid, and the area of that element. Higher density fluids and
higher velocities enable larger forces. The velocity at which an element in a bed can move
depends largely on its surface area and weight per piece. Elements with large surface areas or
low weight per piece tend to be easier to move for a given velocity. To avoid bed movement
for given fluid properties of density and velocity, the weight per piece of the element must be
increased and the surface area decreased. It has been thought that the low surface area
requirement would preclude high porosity with high surface area materials from being used as

a stabilizing material. Surprisingly, this has been shown to be incorrect and, by selecting the
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correct properties, high porosity, high surface area materials can be used for stabilizing while

providing the filtration capacity to retain incoming particles.

[0037] Undesired species are contained in streams 20 entering the entry zone 170. Longevity
of entry zone 170 is important because the useful life of the entry zone 170 is desired to out-
live that of a cycle of a process vessel 10, including the activity of processing bed material 30.
Pressure drop control is also important as particle deposition in the processing bed material 30
can increase the pressure through the beds in vessel 10. Increase in pressure must be minimized
to ensure designed performance of the vessel 10. Additionally, entry zone 170 should be

designed to withstand feed stream forces and velocities in order to avoid bed movement.

[0038] The entry zone 170 is intended to improve the stability of downstream operations.
Stability-improving material 175 allows for resistance to coning, dishing, impingement, or
fluffing while also providing the ability to filter particles from the process stream 20 without
detriment to the operation of vessel 10. FIG. 12 is an illustration of a stability-improving
material 175 positioned below a distributor tray 200 and protecting a processing bed 40 from
fluid process streams 20 coming out of the distributor tray downcomer 210 in a process vessel
10. Some stability-improving materials 175 can have holes or pores sized from 1 mm to 15
mm.  Stability-improving materials 175 are typically more dense than downstream bed

materials or have a higher weight per piece than downstream bed materials.

[0039] Stability-improvement materials 175 can be differentiated by the presence of heavy
chemical species, a reduced internal void space of the materials 175, and an increase in size.
Another option includes fabrication of materials 175 that are adhered to the walls of the vessel
10 or spread as a sheet or mesh of materials 175 across the circumference of the vessel 10 to
constrict movement of downstream materials.  Alternatively, a porous, solid screen or

membrane can be disposed on top of and/or below the one or more entry zones 170 to prevent

13
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movement of the materials 175 in the entry zone 170 as well as that of downstream zones. The
entry zone 170 can internally filter undesired species from the incoming streams 20. The media
in the entry zone 170 can include materials 175 whose porosity is capable of attracting and
retaining undesired species passing through the entry zone 170. Streams can exit the entry
zone 170 and enter downstream operations. Entry zone 170 can be disposed in layers reflecting
different geometries and/or characteristics of the media contained in each layer. An example
would be an entry zone 170 containing three layers of materials 175, each with a different size,
porosity, or pore size. Such layers in entry zone 170 are intended to facilitate filtration of the
fluid streams passing through them. An entry zone 170 can be layered such that the largest
sizes of materials 175 are on the top, and/or the largest porosity of materials 175 is on the top,

and/or the heaviest pieces of materials 175 are on top.

[0040] Entry zone 170 can provide filtration upstream of downstream processing bed
operations. Filtered fluids that are removed from streams containing undesired species are
referred to herein as “filtrate.” The undesired species removed from these streams are referred

to herein as “filtrant.” Filtrant is trapped and retained on stability-improving material 175.

[0041] Stability-improving materials 175 can contain a network of interconnected pores that
are able to trap and retain undesired particles. Elements with interconnected pores provide
surface area and residence time to facilitate (i) separation of filtrate from filtrant and (ii)

retention of filtrant. Such pores are typically between 2 microns and 5000 microns in size.

[0042] Stability-improving materials 175 can be tortuous porous elements. Tortuous porous
elements are defined herein as those containing sinuous, winding, internal porous flow
passageways which provide surface area and residence time to facilitate (i) separation of filtrate
from filtrant and (i) retention of filtrant. Such passageways are typically between 2 microns

and 5000 microns in size.
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[0043] The presently disclosed materials 175 in entry zone 170 can reduce the required depth
of material positioned upstream of the processing beds in vessel 10 while also achieving bed
stability, facilitating filtration, and allowing increased utilization of the processing bed

capabilities in vessel 10.

[0044] In certain illustrative embodiments, stability-improving material can surround an
intrusive device such that the intrusive device is embedded, partially or wholly, in the entry
zone. FIG. 13 is an illustration of three intrusive devices known as trash baskets 230, bypass
tubes 240, and a bypass device 250, where each are shown to occupy part of the entry zone

170.

[0045] In certain illustrative embodiments, the presently disclosed materials 175 in entry zone
170 can be constructed to have a desired combination of weight, strength and porosity to enable
stream stability and filtration within the entry zone 170 of the process vessel 10. The materials
175 can result in improvements in vessel 10 including reduced vertical space requirements,
eliminating or significantly reducing bed movement, minimizing increase in pressure drop

when capturing foulant, and improving cycle-length of the performance of vessel 10.

[0046] The use of disclosed materials 175 can achieve bed porosities which are favorable for
filtration while also having material densities and weight per piece which are favorable for bed
stabilization. The disclosed porosities in entry zone 170 would be in the range of 67% to 87%.
In other illustrative embodiments the porosities would be in the range of 70% to 87%. In yet
other illustrative embodiments, the porosities would be in the range of 75% to 87%. In yet

other illustrative embodiments, the porosities would be in the range of 75% to 85%.

[0047] The disclosed density ranges in entry zone 170 would be in the range of 30 — 60 pounds

per cubic foot.
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[0048] The disclosed weight per piece for the materials 175 in the disclosed entry zone 170
would be from 2500 - 4000 times greater than that of the materials 30 in the downstream
processing bed 40. For example, if the downstream processing bed 40 contained materials 30
having a weight per piece of 10 - 50 milligrams, the materials 175 in the disclosed entry zone
170 could have a weight per piece of 25 - 200 grams per piece. In another illustrative
embodiment, the weight per piece of materials 175 could be in the range of 60 - 200 grams. In
another illustrative embodiment, the weight per piece of materials 175 could be in the range of
65 - 200 grams. In another illustrative embodiment, the weight per piece of materials 175 could
be in the range of 70 - 200 grams. In another illustrative embodiment, the weight per piece of
materials 175 could be in the range of 75 - 200 grams. In another illustrative embodiment, the
disclosed weight per piece for the materials 175 in the disclosed entry zone 170 could be from
5 - 10 times greater than that of the elements in the downstream treating zone. For example, if
the downstream processing bed zone materials had a weight per piece of 7 - 30 grams, the
materials 175 in the disclosed entry zone 170 could have a weight per piece of 35 - 300 grams
per piece. In another illustrative embodiment, the disclosed weight per piece for the materials
175 in the disclosed entry zone 170 could be from 2 - 25 times greater than that of the elements

in the downstream treating zone.

[0049] Unexpectedly, it has been found that an increase in a material’s internal void space,
while significantly reducing the weight per piece, improves the material’s stabilizing
capability. It was thought the reduced weight, combined with the additional drag added by the
increased surface area from the internal void would cause the material to become easier to
move. Conversely, it has been demonstrated that the permeability of the internal void helps

contribute to the gravitational force already holding it in place, thus increasing the stability.
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[0050] One driver of improving stabilizing zone capability is weight per piece. Another
important driver for filtration is internal void. As that internal void is filled and the filtration
material becomes used, it loses the permeability it derives from the internal void and can be
more easily moved. The conclusion that the stability can change throughout the cycle is key
in designing stable entry zone material which can also perform well in filtration. Using a
material which has good stabilizing and good filtration performance turns into a balance of
controlling the initial weight per piece, but also determining an internal void that will provide

significant filtration capability.

[0051] In one illustrative embodiment, the disclosed stability-improving material 175 has an
internal void in the range of 20 - 42% with the interstitial space making up the balance of the
described porosity. In another illustrative embodiment, the disclosed stability-improving
material 175 has an internal void in the range of 20 - 40% with the interstitial space making up
the balance of the described porosity. In another illustrative embodiment, the disclosed
stability-improving material 175 has an internal void in the range of 25 - 40% with the
interstitial space making up the balance of the described porosity. In another illustrative
embodiment, the disclosed stability-improving material 175 has an internal void in the range
of 20 - 35% with the interstitial space making up the balance of the described porosity. In
another illustrative embodiment, the disclosed stability-improving material 175 has an internal
void in the range of 25 - 35% with the interstitial space making up the balance of the described
porosity. In another illustrative embodiment, the disclosed stability-improving material 175
has an internal void in the range of 30 - 40% with the interstitial space making up the balance
of the described porosity. In another illustrative embodiment, the disclosed stability-improving
material 175 has an internal void in the range of 30 - 35% with the interstitial space making up
the balance of the described porosity. This internal void would provide good filtration

performance, while surprisingly, bolstering the stabilizing capability of the material 175. The
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advantage of the disclosed material 175 when compared to that of other materials with internal
void is the weight per piece has been increased by the introduction of heavier materials,
providing a good initial stabilizing capability, and a slight reduction in the internal void, which
means the stabilizing capability remains more constant throughout the cycle while still
providing the capability to store filtrant. Both additions of increased weight per piece and
reduced internal void improve the ability of the material 175 to withstand bed movement in

high fluid velocity applications throughout the cycle life of the vessel 10.

[0052] This disclosed combination of porosity, density range, weight per piece, and resulting
functionality, is not used in existing vessels and materials. In one example of existing
materials, bed porosity in the range of 40 — 65% is maintained to achieve a density of 55 - 130
pounds per cubic foot. This porosity range and density range leads to materials which have
good stability performance, but lead to poor filtration performance. In another example, to
achieve good filtration performance, porosity is in the range of 88 — 95%. To achieve this
porosity, existing materials have a density in the range of 12 — 30 pounds per cubic foot and a
weight per piece in the range of 8-30 grams. This density range, porosity range, and weight
per piece range lead to materials which have good filtration performance, but lack required

stability performance.

[0053] In certain illustrative embodiments, the presently disclosed materials 175 can be
disposed within one or more entry zones 170 within a vessel 10 as individual zones or as a
unified zone of material. Processing bed stability downstream of the entry zone 170 can be
facilitated via use of weighted materials and/or by the installation of vessel 10 circumference-
spanning materials. Weighting can be achieved via the use of high density, high weight per
piece components in the composition of the materials 175 such as iron, tungsten, zirconium,

titania, alumina, and the like, and their oxides, carbides and the like.
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[0054] In certain illustrative embodiments, the presently disclosed materials 175 can include
geometries such as disks, cubes, rectangular or other polyhedral shapes, eclipses, cylinders,
briquettes, rings and the like. Disclosed materials 175 in entry zone 170 can be of individual
sizes such that each element of material 175 fits in a space measuring from 1 cubic inch to 27

cubic inches.

[0055] The presently disclosed materials 175 can have important filtration characteristics when
used in entry zone 170. In certain illustrative embodiments, the materials 175 can increasingly
separate filtrates as the streams travel through the entry zone 170. Upstream filtrant removal
is promoted within the porous structure of the materials 175 to the point where the individual
filtration capacity of these materials 175 is exhausted. Thereafter, fluid process stream flows
bypass the exhausted materials 175 and proceed thru the entry zone 170 to engage in filtrant
removal with materials 175 whose filtration capacity has not been exhausted. This process
proceeds through the entry zone 170 with only moderate increase in pressure within the process

vessel 10.

[0056] In certain illustrative embodiments, the presently disclosed materials 175 can be
utilized in vapor phase applications such as reformers, hydrotreaters including, without
limitation, naphtha hydrotreaters (“NHT™), fluid catalytic cracking gasoline hydrotreater units
(“GHT”), sulfur recovery units (“SRU”), hydrodesulfurization units, and isomerization units,
among other potential uses. In other illustrative embodiments, the presently disclosed materials
175 can be utilized in mixed-phase applications (where liquid and gas flows are present) such
as kerosene hydrotreaters (“KHT”), diesel hydrotreaters (“DHT"), cat-feed hydrotreaters

(“CFHT™), gas oil hydrotreaters (“GOHT"), and other mixed phase applications.

[0057] While the presently disclosed subject matter will be described in connection with the

preferred embodiment, it will be understood that it is not intended to limit the presently
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disclosed subject matter to that embodiment. On the contrary, it is intended to cover all
alternatives, modifications, and equivalents, as may be included within the spirit and the scope

of the presently disclosed subject matter as defined by the appended claims.
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CLAIMS

What is claimed is:

1. A method of providing improved stability and filtration of fluid process stream flow in

a process vessel comprising;

passing the fluid process streams through a processing zone within the process vessel,

the processing zone containing one or more beds of processing elements; and

prior to passing the fluid process streams through the processing bed, passing the fluid

process streams through an entry zone located upstream of the processing bed,

wherein the entry zone contains a bed of stability-improving materials having a porosity
in the range from 67% to 87%, a density in the range from 30 — 60 lbs/ft’, and a weight per

piece of 12 - 300 grams.

and wherein the stability-improving materials have internal void capable of capturing

undesired species from the fluid process stream flow.

2. The method of claim 1, wherein the entry zone comprises a single bed of stability-

improving materials.
3. The method of claim 1, wherein there is a treating zone downstream the entry zone.

4. The method of claim 3 whereby the stability-improving material stabilize and prevent

movement of the treating elements in the treating zone.

5. The method of claim 1, where the internal void contains a network of interconnected
pores.

6. The method of claim 1, where the internal void is tortuous.

7. The method of claim 1, where the internal void is 20% — 42% of the entry zone volume.
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8. The method of claim 1, where the internal void is 20% — 40% of the entry zone volume.
9. The method of claim 1, where the internal void is 25% — 42% of the entry zone volume.

10. The method of claim 1, where the internal void is 25% — 35% of the entry zone volume.

11. The method of claim 1, where the internal void is 30% — 40% of the entry zone volume.
12. The method of claim 1, where the internal void is 30% — 35% of the entry zone volume.
13. The method of claim 1, where the internal void is 20% — 35% of the entry zone volume.

14. The method of claim 1, where the weight per piece is 12 — 200 grams.
15. The method of claim 1, where the weight per piece is 30 — 200 grams.
16. The method of claim 1, where the weight per piece is 70 — 200 grams.
17. The method of claim 1, where the weight per piece is 70 — 300 grams.
18. The method of claim 1, where the weight per piece is 35 — 300 grams.
19. The method of claim 1, where the weight per piece is 25 — 200 grams.

20. The method of claim 1, where the weight per piece of the stability-improving material

is 2500 — 4000 times greater than the downstream processing elements.

21. The method of claim 1, where the weight per piece of the stability-improving material

is 2 — 25 times greater than the downstream treating elements.

22. The method of claim 1 whereby the stability-improving material stabilize and prevent

movement of the processing elements in the processing bed.

23.  The method of claim 1, wherein the fluid process stream flow exiting the entry zone

flows directly into the processing bed.
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24. The method of claim 22, whereby the stability-improving material stabilize and prevent

movement of the process elements in the processing bed.

25.  The method of claim 1 wherein the composition of the stability-improving materials in
the entry zone comprises one or more of iron, tungsten, zirconium, titania, alumina, and the

like.

26.  The method of claim 1 wherein the composition of the stability-improving materials in
the entry zone comprises one or more oxides of iron, tungsten, zirconium, titania, alumina, and

the like.

27.  The method of claim 1 wherein the composition of the stability-improving materials in
the entry zone comprises one or more carbides of iron, tungsten, zirconium, titania, alumina,

and the like.

28. The method of claim 1, wherein the stability-improving materials in the entry zone are

secured to the internal walls of the process vessel.
29. A process vessel comprising;
a processing zone containing one or more beds of processing elements; and

an entry zone located upstream of the processing bed, the entry zone comprising a bed
of stability-improving materials having a porosity in the range from 67% to 87%, a density in
the range from 30 — 60 lbs/ft3, a weight per piece of 25 - 200 grams, and an internal void

capable of capturing undesired species from a fluid process stream flow passing therethrough.

30. The vessel of claim 29, wherein the process vessel comprises a reformer, a hydrotreater,
a naphtha hydrotreater, a fluid catalytic cracker gasoline treater unit, a hydrodesulfurization

unit, an isomerization unit, or a sulfur recovery unit.
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