USE OF TREATING ELEMENTS TO FACILITATE FLOW IN VESSELS

BACKGROUND

1. Related Applications

[0001] This application claims the benefit, and priority benefit, of U.S. Provisional
Patent Application Serial No. 62/314,069, filed March 28, 2016; U.S. Provisional Patent
Application Serial No. 62/294,768, filed February 12, 2016; and U.S. Patent Application
Serial No. 15/265,405, filed September 14, 2016, the contents of each of which are

incorporated by reference herein in their entirety.

2. Field of the Invention

[0002] The presently disclosed subject matter relates to facilitating the flow of streams

within vessels utilized in the process industry.

3. Description of Related Art

[0003] The number of bed vessels installed and operating in industry totals in the tens of
thousands worldwide. Bed vessels are usually large with diameters ranging from 4 to 18 feet
and heights from 10 to over 100 feet. The volume of such bed vessels is substantially filled
with bed vessel internals. Each year, the number of bed vessels that are shutdown or are
constructed and commissioned totals in the hundreds. The designed lifetime of these bed
vessels is typically measured in decades. Bed vessels used in industry contain appropriate
internals which can include one or more beds of solid processing material elements which
facilitate intended processing operations. Such solid processing material elements can

include, for example, reaction-promoting catalysts and mass transfer-promoting agents



including sieves and sorbents. Bed vessels and their contents represent a very sizable

investment by the bed vessel owner.

[0004] The normal length of a typical bed vessel "on oil" operating cycle (from vessel
startup to vessel shutdown) is measured in months or years. Normal operations are usually
halted when bed vessel internals reach performance limits or when bed vessel operating
conditions, such as temperature or pressure, exceed operating limits. Such shutdowns are
typically followed by rejuvenation of, repair to and/or replacement of bed vessel internals

followed by restart of operations.

[0005] It is known in the art to utilize suitable materials to promote flow distribution for
streams entering bed vessels. The purpose of such distribution is to subdivide the streams
into rivulets which improve stream contact with bed vessel processing materials. Three
dimensional reticulates are known to promote flow distribution. For example, U.S. Patent

Nos. 6,258,900, 6,291,603 and 7,265,189 each describe such reticulated materials.

[0006] Many bed vessels face challenges associated with sustaining effective and
efficient utilization of bed wvessel internals including effective and efficient stream flow
distribution across and throughout the beds of solid processing material elements installed in
the bed vessels. Inadequate stream flow distribution leads to coalescence of small stream
rivulets into larger streams resulting in stream flow channeling which can result in bypassing

portions of the bed vessel processing internals.

[0007] Stream flow channeling within a bed vessel can occur and change over time due
to shifts in operating conditions (e.g., changing compositions of feed streams), operations
upsets (e.g., power surges/cuts, pump failures, etc.), natural or accelerated aging of bed vessel
internals and the like. Channeling can occur when coalescence is facilitated by smaller fluid

streams contacting each other or by contact with other bed vessel internals or with the bed



vessel itself. Channeling is undesirable because it results in areas of underexposed and
underutilized bed vessel internal materials and areas of overexposed materials. The former
can result in significant loss of bed vessel productivity and profitability. The latter can result
in so-called "hot spots" where sharp temperature gradients cause damage to the vessel and its

internals.

[0008] One approach to coping with these situations has been to tolerate moderate bed
vessel underperformance and operate the vessel until performance has degraded to an
unacceptable level. At such a time, the bed vessel is shutdown so that bed vessel internals
can be adjusted, rejuvenated or replaced. This mode of operation results in reduced "on-oil"

operating time with accompanying loss of bed vessel productivity and profitability.

[0009] Another approach has been to install one or more conventional structured
engineering devices at appropriate locations within the bed vessel to facilitate flow
redistribution within and across the cross section of bed vessels and, in doing so, increase
stream flow contact with bed vessel internals (including beds of solid processing materials)
and reduce the negative consequences of stream flow channeling. Such conventional devices
include engineered equipment structures that are typically form-fitted to the inside of the bed
vessel and which can occupy up to ten feet of depth within the bed vessel. Such devices are
costly to design, fabricate, install, operate and maintain and requires specially-trained
personnel to do so. These conventional devices also require complex monitoring and
containment systems to ensure segregation from other bed vessel internals. In the example of
catalytic reactors, this applies to segregating conventional redistribution devices from catalyst
via "catalyst containment" equipment and measures. Any loss of catalyst containment can
result in process and safety risks. Considerable measures are taken and bed vessel space

dedicated to ensuring that catalyst containment is ensured. The very presence of such



conventional redistribution and containment equipment and the difficulty of sustaining their
stable and controlled operation can lead to problems up to and including development of bed

vessel shell hot spots leading potentially to rupture of the bed vessel itself\

[00010]  The very presence of such conventional structured engineered devices consumes
space that could otherwise be consumed by more productive and more profitable bed vessel
internals, such as catalyst. An example of such a structured engineered apparatus and its use
as a flow distributor is shown in U.S. Patent 7,314,551 granted January 1, 2008 to UOP, LLC

of Des Plaines, IL.

[00011] Improvements in this field of technology are desired.

SUMMARY

[00012] In accordance with the presently disclosed subject matter, various illustrative
embodiments of methods for facilitating the distribution and redistribution of the flow of one
or more streams within vessels are provided. Streams can include liquid and vapor streams,
combinations of the two and mixtures of the two. Vessels can include those containing beds

of solid materials utilized for processing (hereinafter referred to as "bed vessels").

[00013] In certain illustrative embodiments, a method of improving the distribution and
redistribution of the flow of one or more streams in a bed vessel is provided. The bed vessel
can be configured to have more than one processing zone positioned vertically with respect to
one another within the bed vessel with one uppermost processing zone and one or more
processing zones positioned downstream of the uppermost processing zone. The processing
zones can contain beds of solid processing material elements. Redistribution treating zones
can be disposed downstream of an upstream processing zone and upstream of a downstream

processing zone in order to facilitate effective and efficient redistribution of the flow of



streams exiting the upstream processing zone and entering said downstream processing zone.
One primary objective of such redistribution treating zones is to facilitate the dispersal across
the cross sectional area of the downstream processing zone of the stream exiting the upstream
processing zone and entering the downstream processing zone. The stream exiting the
redistribution treating zone and entering the downstream processing zone can be subdivided
into small individual stream rivulets, which is an improvement over the channeled stream
entering the redistribution treating zone from the upstream processing zone. The dispersed
stream rivulets affect improved contact with and utilization of the beds of solid processing
material elements contained in the downstream processing zone. The bed vessel's utilization
and performance can be significantly improved compared with the utilization and
performance of a bed vessel configuration that excludes the presence of said redistribution

treating zones.

[00014] In certain illustrative embodiments, a method of improving flow distribution for
one or more streams in, or at various locations throughout, a bed vessel is provided. The one
or more streams can be passed through an upstream processing zone and a downstream
processing zone within the bed vessel. The upstream processing zone and downstream
processing zone can each contain one or more beds of solid processing material elements.
The one or more streams can also be passed through at least one redistribution treating zone
located between the upstream processing zone and downstream processing zone. The
redistribution treating zone can contain treating material that redistributes the flow of the one
or more streams. The beds of solid processing material elements in the upstream processing
zone can be separated from the treating materials in the immediate downstream redistribution
zone by a permeable barrier. Alternatively, the upstream processing zone materials can be
directly adjacent to and in contact with the treating materials in the immediately downstream

redistribution treating zone, without any physical equipment or barrier therebetween, such



that the solid processing material elements from the upstream processing zone are capable of
at least partially commingling with the treating materials in the immediately downstream
redistribution treating zone to create a combo-zone containing both solid processing material
elements and treating materials and possessing both processing and stream distribution
treatment functionalities. Such migration is typically limited to the first few inches of depth
of the redistribution treating zone materials. The solid processing material elements can
occupy at least 20% of the volume of that portion of the layer of treating materials contained
in the redistribution treating zone into which the solid processing material elements have

migrated.

[00015]  The redistribution treating zone can be downstream of and directly adjacent to the
upstream processing zone such that certain of the solid processing material elements from the
upstream processing zone migrate into the redistribution treating zone to create a combo-zone
having both solid processing material elements and treating materials commingled therein. In
certain illustrative embodiments, there is no physical equipment or barrier disposed in the
vessel between the upstream processing zone and the immediately downstream treating zone.
The solid processing material elements in the upstream processing zone can migrate into the
layer of treating materials contained in the immediately downstream redistribution treating
zone. Such migration is typically limited to the first few inches of the redistribution treating
zone materials. The solid processing material elements can occupy at least 20% of the
volume of that portion of the layer of treating materials contained in the redistribution
treating zone into which the solid processing material elements have migrated. In certain
illustrative embodiments, solid processing material elements are initially mixed with the
materials in the treating zone, such that co-mingling is achieved without the need for

migration from other zones.



[00016]  Redistribution treating zones can have a depth of one foot or less. Redistribution
treating zones can have a depth of two feet or less. Redistribution treating zones can have a

depth of four feet or less.

[00017]  Redistribution treating zones can contain treating materials. Such materials can
be comprised of at least one layer of fixed, form-fit material conforming to the interior
dimensions of the bed vessel. Such form-fit materials, such as fibrous meshes, provide
porous structures which facilitate stream flow redistribution. Alternatively, treating materials
can be comprised of a plurality of treating elements. The treating elements can be individual
treating elements. The treating elements can be disposed in layers. The treating elements can
be randomly-packed treating elements. One or more of the treating elements can be ceramic
reticulates. One or more of the treating elements can have a quasi ellipsoid shape. One or
more of the treating elements can have a triaxial ellipsoid shape. One or more of the treating
elements can have an oblate spheroid shape. One or more of the treating elements can have a
prolate spheroid shape. One or more of the treating elements can have a briquette shape.
One or more of the treating elements can have an asymmetrical spheroid shape. One or more
of the treating elements can have an aspherical ellipsoid shape. One or more of the treating
elements can have at least one opening formed therein. One or more of the treating elements
can have at least one opening formed therethrough. One or more of the treating elements can
have one or more asperities formed on the surfaces thereof. The asperities can comprise one

or more of flutes, fins, struts, filaments, spikes or hairs.

[00018] In certain illustrative embodiments, a method of improving the flow distribution
of one or more streams in and throughout a bed vessel is provided in which redistribution
treating zones containing a plurality of treating elements is disposed immediately

downstream of processing zones. In such a configuration, the solid processing material



elements in an upstream processing zone can migrate into the redistribution treating zone and
commingle with the treating elements in the redistribution treating zone to form a combo-
zone with both solid processing material elements and treating elements and their

functionalities.

[00019] In certain illustrative embodiments, a method of improving the flow distribution
of one or more streams in and throughout a bed vessel is provided in which redistribution
treating zones containing a plurality of treating elements is disposed immediately
downstream of processing zones. In such a configuration, the solid processing material
elements in an upstream processing zone are commingled with the treating elements in the
redistribution treating zone to form a combo-zone with both solid processing material

elements and treating elements and their functionalities.

BRIEF DESCRIPTION OF DRAWINGS

[00020] FIG. 1A is a partial cross-sectional side view of a bed vessel having a plurality of
zones in accordance with an illustrative embodiment of the presently disclosed subject

matter.

[00021] FIG. 1B is a partial cross-sectional side view of a bed vessel having a plurality of
zones with a close up view of adjacent zones in the bed vessel with a permeable barrier
therebetween in accordance with an illustrative embodiment of the presently disclosed

subject matter.

[00022] FIG. 2A is a partial cross-sectional side view of a bed vessel having a plurality of
zones in accordance with an illustrative embodiment of the presently disclosed subject

matter.



[00023] FIG. 2B is a partial cross-sectional side view of a bed vessel having a plurality of
zones with a close up view of a combo-zone between two adjacent zones in the bed vessel in

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

[00024] FIG. 3 is a graph showing flow redistribution test results for an empty test vessel

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

[00025] FIG. 4 is a graph showing flow redistribution test results for a bed of randomly-
packed 3/4" support ball test elements in accordance with an illustrative embodiment of the

presently disclosed subject matter.

[00026] FIG. 5 is a graph showing flow redistribution test results for a bed of randomly-
packed treating elements in accordance with an illustrative embodiment of the presently

disclosed subject matter.

[00027]  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
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.



DETAILED DESCRIPTION

[00028] In accordance with the presently disclosed subject matter, various illustrative
embodiments of methods for facilitating the redistribution and lateral redispersion of the flow

of one or more streams within bed vessels are provided.

[00029]  The concept of "redistribution" as described in the presently disclosed subject
matter concerns the division and dispersion of process streams across and throughout the
internals contained within a bed vessel. Such division and dispersion 1is facilitated by
redistribution treating zones disposed to counter negative stream coalescing effects which
cause stream channeling and which, at best, prevent achievement of the designed
performance of the processing zones installed within the bed vessel and, at worst, cause

unsafe operating circumstances which increase operating risk.

[00030] In certain illustrative embodiments, disposed within such bed vessels are internal
materials and structures as well as multiple operating zones. One type of operating zone can
be a processing zone composed of one or more beds of solid processing material. A second
type of operating zone can be a treating zone. Treating zones can facilitate the distribution
and dispersion of the one or more streams exiting or entering processing zones.  The
distribution can facilitate contact between the streams and the beds of solid processing
material elements contained in the processing zones. A treating zone positioned between an
upstream processing zone and a downstream processing zone can also be called a

redistribution treating zone.

[00031] In certain illustrative embodiments, redistribution treating zones can be utilized in

the bed vessels. The redistribution treating zones can contain treating materials at sufficient
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depths and locations to facilitate desired stream flow redistribution and redispersion across

and throughout the downstream processing zone beds of solid processing material elements.

[00032] In certain illustrative embodiments, the redistribution treating materials can be
comprised of at least one layer of fixed, form-fit material conforming to the interior
dimensions of the bed vessel. Alternatively, redistribution treating materials can be in the
form of a plurality of individual treating elements that are randomly or otherwise packed into

treating zone layers.

[00033] In certain illustrative embodiments, the individual redistribution treating elements
can have a variety of shapes and sizes including discs, spheres, rings, wagon wheels, hollow
tubes and the like. The one or more of the redistribution treating elements can have at least
one or more openings therein and/or therethrough. The one or more of the redistribution
treating elements can have one or more asperities formed on the surfaces thereof which can
include, without limitation, flutes, fins, struts, filaments, spikes or hairs. The one or more of
the redistribution treating elements can be ceramic reticulates. Reticulates are characterized
as having one or more open cells which form a plurality of interconnected fluid flow
pathways within and through the elements. Such pathways can have tortuous geometries.
Such redistribution treating elements with their openings, asperities and interconnected
internal fluid flow pathways have large surface areas which facilitate stream flow division
and redistribution. Such redistribution treating elements shall hereinafter be referred to as

"treating elements."

[00034] In certain illustrative embodiments, one or more of the treating elements can have
a quasi ellipsoid shape. For example, one or more of the quasi ellipsoid shaped treating
elements can have a triaxial ellipsoid shape. The one or more of the quasi ellipsoid shaped

treating elements can also have an oblate spheroid shape. The one or more of the quasi
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ellipsoid shaped treating elements can also have a prolate spheroid shape. The one or more
of the quasi ellipsoid shaped treating elements can also have a briquette shape. The one or
more of the quasi ellipsoid shaped treating elements can also have an asymmetrical spheroid
shape. The one or more of the quasi ellipsoid shaped treating elements can also have an

aspherical ellipsoid shape.

[00035] In certain illustrative embodiments, the prolate, oblate, and asymmetric shaped
quasi ellipsoids can have one mathematic model which can be generalized to all three shapes.
For example, the oblate and prolate shaped spheroids can be special cases of the generic,
asymmetric ellipsoid (a=b, b=c, or a=c), or shapes substantially similar to such shapes,

according to the following formula:

[00036] In certain illustrative embodiments, the briquette shape can be defined as the
volumetric intersection of two or more elliptical cylinders where the major-axes of the

elliptical faces of each cylinder are coplanar, or shapes substantially similar to such shapes.

[00037] In certain illustrative embodiments, redistribution treating zones within bed
vessels can have a depth of one foot or less. Alternatively, redistribution treating zones can
have a depth of two feet or less.  Alternatively, redistribution treating zones can have a

depth of four feet or less.

[00038] In certain illustrative embodiments, a redistribution treating zone containing a
plurality of randomly-packed individual treating elements can be disposed immediately
downstream of an upper processing zone without any barrier between the two zones. In such

a configuration, the individual solid processing material elements in the upper processing
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zone can migrate into the top few inches of the layer of treating elements in the downstream
redistribution treating zone and commingle with these elements. Typical treating elements
are each up to 50 times the size of individual solid processing material elements, in certain
illustrative embodiments. With some solid processing material elements, treating elements
can be over 100 times the size of individual solid processing material elements, in certain
illustrative embodiments. With some solid processing material elements, treating elements
can be over 200 times the size of individual solid processing material elements, in certain

llustrative embodiments.

[00039] The commingling of the individual solid processing material elements from the
upper processing zone with the treating elements of the downstream redistribution treating
zone results in solid processing material elements consuming at least 20% of the volume of
that portion of the redistribution treating zone into which said solid processing material
elements have migrated, in certain illustrative embodiments. Such a zone containing
commingled solid processing material elements and treating elements shall be referred to
herein as a “combo-zone,” wherein solid processing material elements are mixed with and /or
have migrated into a redistribution treating zone and are commingled with treating elements
present in the treating zone. Combo-zones are especially beneficial because they consume a
modest amount of bed depth and simultaneously and inexpensively improve both the

processing and redistributive functions being performed within the bed vessel.

[00040] To facilitate commingling of combo-zone materials, loading procedures for bed
vessel materials can call for sequential loading, for example, partial loading of a portion of
the treating materials contained in a redistribution zone followed by partial loading of solid
processing material elements followed by additional partial loading of treating elements

followed by processing material elements. In certain illustrative embodiments, loading in this
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manner will facilitate the migration of materials from one zone to another within the vessel
and commingling of said materials in the combo-zone during process operations. In certain
illustrative embodiments, the material may also be mixed during loading such that
commingling of materials in the combo-zone is initially achieved without the need for any

materials to migrate from one zone to another within the vessel.

[00041] A redistribution treating zone can be of sufficient depth and location to improve
the utilization and performance of the immediately downstream processing zones by
efficiently facilitating the redistribution and redispersion of the flow of fluid streams exiting

the redistribution treating zone and entering the downstream processing zones.

[00042]  Redistribution treating zones can obviate the need for costly and risky
conventional structured engineering devices and free valuable vessel volume (that is, bed

depth) for more productive uses such as additional processing materials (e.g., catalyst).

[00043] In certain illustrative embodiments, bed vessel internals can be configured to
include multiple processing zones, treating zones and/or combo-zones. Overall bed vessel
performance is dependent on the proper performance of each zone. Zones with processing
functionality can perform their designed functions depending on the extent to which streams
passing through said processing zones effectively interact with the solid processing material
elements in the processing zones. Zones with treating functionality can ensure that suitably
distributed streams are delivered to zones with processing functionality. Within the
dimensional constraints of the bed vessels themselves, maximizing bed vessel performance
can typically be achieved by minimizing the space (that is, bed depth) consumed by treating
materials and maximizing the space (that is, bed depth) consumed by processing material

elements. For example, in certain illustrative embodiments, the presently disclosed subject

14



matter relates to processing zones of solid processing material elements that are composed of

relatively small individual elements whose size varies from that of rice to that of corn kernels.

[00044] Relative to conventional solutions, the presently disclosed subject matter
advantageously provides stream flow redistribution options that: (i) are less costly and less
complex to design, fabricate, install, operate and maintain, (ii) free volume (that is, bed
depth) in the bed vessel that can be better filled with more productive bed vessel internals -
such as additional solid processing material elements, (iii) avoid the operating risks
associated with "containment" related facilities and (iv) improve bed vessel performance and
profitability via increased contact and interaction between streams and bed vessel processing

materials.

[00045]  Various illustrative embodiments of a method for redistributing the flow of one
or more streams within a bed vessel are provided herein. Referring now to FIG. 1A, a bed
vessel 10 is shown having two processing zones 40, 60 disposed therein. Bed vessel 10 is
illustrated in a down-flow configuration, such that the one or more input streams 100 will
enter the bed vessel 10 at the inlet 20 and the one or more product streams 600 will exit the

bed vessel 10 at the outlet 70.

[00046] In certain illustrative embodiments, input streams 100 enter the vessel and pass
through a "top bed" zone 30 containing elements 35. The top bed zone can facilitate
distribution of the input streams 100 across the cross-section of processing zone 40. The top
bed zone can also facilitate filtration of particulate contaminants contained in the input
streams 100. The top bed zone can also mitigate undesired species contained in input streams
100. The stream 200 exiting the "top bed" zone 30 will possess these desirable characteristics

before entering processing zone 40.
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[00047] In certain illustrative embodiments, process streams 200 are processed in process
zone 40 and the resulting process streams 300 exit zone 40. A redistribution treating zone 50
containing treating elements 55 can be provided in the bed vessel 10 downstream of the first
processing zone 40. In certain illustrative embodiments, the flow of the one or more streams
300 may be divided and redistributed in redistribution treating zone 50 before being

introduced to a downstream processing zone 60.

[00048]  Figure 1B shows an enlarged view of redistribution zone 50 containing treating
elements 55 disposed between processing zones 40 and 60. In this embodiment, a permeable
barrier 80 is placed between processing zone 40 and redistribution zone 50 in order to
separate the processing zone 40 from the redistribution treating zone 50 and prevent
migration of processing zone materials 45 while still allowing stream flow 300 to pass
through to zone 40 to zone 50. In other words, redistribution treating zone 50 is directly
adjacent to upstream processing zone 40 and a permeable barrier 80 is disposed between zone
50 and zone 40 such that the processing materials 45 from zone 40 cannot migrate into zone
50 but the stream flow may pass through the barrier 80. In certain illustrative embodiments,

permeable barrier 80 can be a wire screen mesh.

[00049]  Figures 2A and 2B show a bed vessel configuration similar to that in Figures 1A
and 1B. However, as shown in the enlarged view of Figure 2B, no barrier is placed between
the upper processing zone 40 and the redistribution treating zone 50. In such an embodiment,
a combo-zone can be formed (as depicted in Fig. 2B) wherein individual elements of
processing zone materials 45 can migrate into and commingle with the top few inches of the

layer of redistribution zone treating elements 55.

[00050] Such a combo-zone configuration lacking barrier constraints between the

processing zone and the redistribution treating zone has the following advantages: (1)
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eliminates the need for and cost of design, fabrication , installation, operation and
maintenance of such barriers, (ii) reduces the space required to install such barriers, (iii)
minimizes the space required to achieve desired flow redistribution, (iv) allows for an
increase in processing zone performance due to the addition of processing zone materials in
the space freed by the absence of barriers, (v) adds additional processing zone performance
due to the presence of processing zone materials in the combo-zone and (vi) increases the
performance and profitability of the bed vessel by increasing interaction between streams and

the vessel's processing zone materials.

[00051] In certain illustrative embodiments, the combo-zone will comprise the first few
inches of depth of the redistribution treating zone 50. This is in the context of a bed vessel
that may be as tall as 100 feet or more with operating zones that substantially fill the vessel.
In certain illustrative embodiments, the combo-zone will comprise about the first two (2)
inches of depth of the redistribution treating zone 50. In certain illustrative embodiments,
the combo-zone will comprise about the first six (6) inches of depth of the redistribution
treating zone 50. In certain illustrative embodiments, the combo-zone will comprise the first

twelve (12) inches of depth of the redistribution treating zone 50.

[00052]  As shown in Fig. 1A, redistribution treating zone 50 can be located at or near an
upper region of vessel 10, in certain illustrative embodiments, to facilitate redistribution of
process steam flow from processing zone 40 into processing zone 60 and/or other lower-
positioned zones within vessel 10. In this regard, there can be one or more processing zones
and redistribution zones disposed between streams 500 and 600 in vessel 10 that are located

downstream from the zones as depicted in Figure 1A.

[00053] In certain illustrative embodiments, stream flow redistribution is primarily

facilitated by contacting the stream with the surfaces of the redistribution zone treating
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elements. These surfaces include the external surfaces of the treating elements and the
internal surfaces of the treating elements. The internal geometries of treating elements create
large surface areas formed by openings, asperities and a plurality of interconnected internal

fluid flow pathways.

[00054] In certain illustrative embodiments, the surface area of individual treating
elements can be from 70% to 90% internal surface area with the remainder being external
surface area. A result is that, for a given volume of treating elements, treating element shapes
that pack more densely provide more surface area than treating element shapes that pack less
densely. Stream flow redistribution capability per volume of packed treating elements,
therefore, increases as packing density increases. This applies as well to the external void

space between packed treating elements which decreases as packing density increases.

[00055] In certain illustrative embodiments, the amount of material required in a treating
zone to achieve a desired level of stream flow redistribution in a bed vessel is primarily a
function of the total volume of materials not including voidage external to the treating
elements. Relative to cylindrical reticulates, quasi-ellipsoid shaped treating elements tend to
pack with less void space between individual elements. For example, treating zones of quasi-
ellipsoidal shaped treating elements can have external void space of 25 to 35% compared to
40 to 55% for treating zones of cylindrical reticulates. To achieve a desired level of stream
flow redistribution, this can result in treating zones of quasi-ellipsoid shaped treating
elements less deep than those formed by an equivalent amount of cylindrical reticulates. This

saves space in the bed vessel.

[00056]  Further, the ability of a treating zone of individual treating elements to
redistribute the flow of one or more process streams depends in part on the number of contact

points each treating element has with its neighboring elements. Maximizing contact points
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facilitates stream flow redistribution thru the treating zone. Treating zones of quasi-
ellipsoidal treating elements can have 60 to 90% more of such contact points than do

equivalent layers of cylindrical or spherical reticulates.

[00057]  To facilitate a better understanding of the presently disclosed subject matter, the
following examples of certain aspects of certain embodiments are given. In no way should
the following examples be read to limit, or define, the scope of the presently disclosed subject

matter.

[00058]  Experiments were performed to demonstrate process stream redistribution,
including the mitigation/elimination/disruption/reduction of channeling, of a process stream
exiting an upstream bed vessel processing zone and transiting/passing thru a bed vessel
redistribution treating zone in accordance with certain illustrative embodiments of the

presently disclosed subject matter.

[00059] A fabricated testing structure was assembled including a vertical cylindrical
vessel approximately 12 inches in diameter and over 36 inches tall. A nozzle located above
the centerpoint of the vessel was used to pass liquid into the vessel. The cylindrical vessel
provided sufficient space for a bed of randomly-packed test elements up to 36 inches deep.
Over 300 holes, each 1/4" in diameter were drilled in a regular grid pattern thru the bottom of
the vessel. Each hole was individually connected to a plastic tube utilized to collect and
measure liquid exiting the vessel thru the hole. These holes represent a two dimensional grid
zone of the cross-sectional area of the vessel. The liquid collected thru each hole shows the

distribution of the inlet liquid across the cross-sectional area of the vessel.

[00060] Liquid was pumped thru the nozzle into the vessel. The stream of liquid
emulates channeled streams which occur in the processing zones of commercial bed vessels.

In one test run, the vessel was empty. In other test runs, various types and depths of test
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elements were installed. In each test run sufficient time was elapsed to obtain representative
quantities of liquid via the tube-connected holes in the bottom of the vessel. Data collection
and analysis produced graphical plots demonstrating the ability of the test elements to
laterally disperse the liquid thru the test element bed and exit the vessel thru the holes in the

bottom of the vessel.

[00061] In a typical run in which test elements are placed in the vessel, the liquid is
allowed to disperse as it flows around and thru the test elements, exits the vessel thru the grid
zone holes and is collected in the tubes below. The amount of water collected in each tube is
measured and graphs are prepared which show the extent to which the elements facilitate

flow redistribution.

[00062] The graphical plots of flow redistribution test results are shown in FIGS. 4-6.
Shown are the amounts of liquid recovered thru the tubes connected to the holes in the vessel
grid zone. FIG. 4 shows the flow redistribution test results for an empty test vessel. FIG. 5
shows the flow redistribution test results for a bed of randomly-packed 3/4" support ball test
elements. FIG. 6 shows the results for a bed of randomly-packed treating elements according

to the presently disclosed subject matter.

[00063] In FIG. 4, when there were no test elements in the vessel and liquid was run into
an empty cylinder, the bank of tubes show just over 5% of the liquid being laterally
distributed as measured by the result L. The greater than 5% result includes the liquid
which passed thru the center line holes of the vessel demonstrating that virtually all the liquid
exited the vessel through the holes at or near the center of the vessel grid zone. In Fig. 5, the
bed of randomly-packed support balls achieved just over 55% lateral distribution of the liquid

across the vessel grid zone. In Fig. 6, the test run using a bed of randomly-packed treating
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elements according to the presently disclosed subject matter achieved over 92% lateral

distribution of the liquid across the vessel grid zone.

[00064] It can be seen from these test results that beds of the treating elements according
to the presently disclosed subject matter can facilitate redistribution of channeled liquid
streams exiting an upstream processing zone. Said redistributed streams can then enter a
downstream processing zone as a laterally dispersed stream which provides improved contact

between the stream and the processing zone elements in the downstream processing zone.

[00065] 1t is to be understood that the presently disclosed subject matter is not to be
limited to the exact details of construction, operation, exact materials, or embodiments shown
and described, as obvious modifications and equivalents will be apparent to one skilled in the
art. Accordingly, the presently disclosed subject matter is therefore to be limited only by the

scope of the appended claims.
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CLAIMS

1. A method of improving flow distribution of one or more streams in a process vessel
comprising:

passing the one or more streams through an upstream processing zone and a
downstream processing zone within the process vessel, the upstream processing zone and
downstream processing zone each containing one or more beds of processing materials,
wherein the processing materials comprise catalyst;

passing the one or more streams through a redistribution zone located between, and
adjacent to both of, the upstream processing zone and downstream processing zone, wherein
the entire depth of the redistribution zone comprises a plurality of individual, packed treating
elements, and wherein the treating elements comprise a materia other than the catalyst of the
processing materials; and

prior to passing the one or more streams through the upstream processing zone,
passing the one or more streams through a bed zone, wherein the bed zone comprises one or

more of filtration materials, treating elements and processing materials.

2. The method of claim 1, wherein the bed zone comprises one or more materials
capable of mitigating undesired species in a process stream prior to the process stream
entering the upstream processing zone and facilitating distribution of the process stream
across a cross section of the upstream processing zone.

3. The method of claim 1, wherein the one or more streams comprise a liquid stream, a
vapor stream, a combination of a liquid stream and a vapor stream, or a mixture of a liquid

stream and a vapor stream.

4, The method of clam 1, wherein the entire depth of the redistribution zone comprises
a mix of treating elements and processing elements, such that the redistribution zone
comprises a combo-zone throughout its entire depth having both processing zone

functionality and treating zone functionality.

5. The method of clam 1, wherein the interior volume of the redistribution zone

comprises a mix of treating elements and processing elements, such that the redistribution
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zone comprises a combo-zone having both processing zone functionality and treating zone
functionality, and wherein no space between the upstream processing zone and the
downstream processing zone is consumed by an engineered equipment structure internal to

the process vessdl.

6. The method of claim 1, wherein the treating el ements comprise reticul ated ceramics.

7. A method of improving flow distribution of one or more streams in a process vessel
comprising:

passing the one or more streams through an upstream processing zone and a
downstream processing zone within the process vessel, the upstream processing zone and
downstream processing zone each containing one or more beds of processing materials;

passing the one or more streams through a redistribution zone located between, and
adjacent to both of, the upstream processing zone and downstream processing zone, wherein
the entire depth of the redistribution zone comprises a plurality of individual, packed treating
elements, and wherein the processing materials and the treating elements comprise different
materials; and

prior to passing the one or more streams through the upstream processing zone,

passing the one or more streams through a bed zone.

8. The method of claim 7, wherein the processing materials comprise catalyst and the

treating elements comprise a material other than the catalyst of the processing material.

9. A method of improving flow distribution of one or more streams in a process vessel
comprising:

passing the one or more streams through an upstream processing zone and a
downstream processing zone within the process vessel, the upstream processing zone and
downstream processing zone each containing one or more beds of processing materials;

passing the one or more streams through a redistribution zone located between, and
adjacent to both of, the upstream processing zone and downstream processing zone, wherein
the entire depth of the redistribution zone comprises a plurality of individual, packed treating

elements; and
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prior to passing the one or more streams through the upstream processing zone,
passing the one or more streams through a bed zone,

wherein the treating elements in the redistribution zone are larger in size than the
processing materials in the upstream processing zone and downstream processing zone, and
wherein the depth of the redistribution zone is less than the depth of the downstream

processing zone.

10.  The method of claim 9, wherein the depth of the redistribution zone is also less than

the depth of the upstream processing zone.

11. A method of improving flow distribution of one or more streams in a process vessel
comprising:

passing the one or more streams through an upstream processing zone and a
downstream processing zone within the process vessel, the upstream processing zone and
downstream processing zone each containing one or more beds of processing materials;

passing the one or more streams through a redistribution zone located between, and
adjacent to both of, the upstream processing zone and downstream processing zone, wherein
the entire depth of the redistribution zone comprises a plurality of individual, packed treating
elements; and

prior to passing the one or more streams through the upstream processing zone,
passing the one or more streams through a bed zone, wherein the bed zone comprises one or
more of filtration materials, treating elements and processing materials,

wherein the treating elements are randomly packed in the redistribution zone and
have openings passing therethrough, and wherein a liquid stream passing through the

redistribution zone is capable of passing around and through the treating el ements.

12. The method of claim 11, wherein a plurality of channeled liquid streams exit the
upstream processing zone, and wherein the treating elements facilitate redistribution of the
channeled liquid streams, and wherein the redistributed streams enter the downstream
processing zone as laterally dispersed streams such that there is improved contact between
the lateraly dispersed streams and the processing elements in the downstream processing

Zone.
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