
LOW OFF-GASSING POLYURETHANES RELATED APPLICATIONS
This application claims the benefit of U.S.
Provisional Application No. 60/684,193, filed May 23,
2005, the entire teachings of which are incorporated
herein by reference. BACKGROUND OF THE INVENTION
Electronic component manufacturing and processing
increasingly requires that manufacturing steps be
performed in progressively cleaner environments as
feature sizes are driven down by performance
requirements. The presence of various types of
contaminants, such as silicon-containing species
(e.g., siloxanes such as hexamethyl disiloxane
(HMDSO); silanes; silazanes such as
hexamethyldisilazane (HMDS); silanols), molecular
organics (e.g., hydrocarbons, halogenated
hydrocarbons, phthalates, butylated hydroxytoluene,
chlorines), volatile bases (e.g., ammonia, amides,
amines), and volatile acids (SOc, NOc, hydrogen
halides, sulfuric acid, sulfonic acid, carboxylic
acids), adversely affect the ability of manufacturers
to produce electronic components with desired
performance characteristics. SUMMARY OF THE INVENTION
Embodiments of the invention are directed to novel low
off-gassing polyurethanes. In one embodiment of the
invention, a low off-gassing polyurethane comprises a
polyurethane substrate, and additive(s) being
essentially free of siliconcontaining contaminant. The
polyurethane substrate may be foamed or formulated to
emit one or more silicon-containing contaminants at a
rate below about 0.0001 mg/gm/min when the substrate
is subjected to a temperature of about 500C for
about30 minutes at about atmospheric pressure. The low
gassing polyurethane may also comprise carbon black.
Low off-gassing polyurethanes are characterized as
emitting contaminants at a low enough level for the
polyurethanes to be used in an environment for
electronics manufacturing without detrimentally
impacting the quality of the 



manufactured component or other portions of the
process. In particular, low offgassing may be directed
to particular applications such as conventional
lithography and/or liquid immersion lithography.
Another embodiment of the invention is directed to a
potting material comprising any of the polyurethane
substrates described herein in which the polyurethane
is foamed. In another embodiment of the invention, the
potting material of the- last embodiment is utilized
in a filter unit comprising a filter membrane, a
filter frame, and the potting material. The potting
material attaches the filter unit to the filter
membrane. Testing of common polyethylene based potting
materials, as discussed herein, shows that
commercially available products do not achieve the low
offgassing characteristics that are desired by some
electronic manufacturers. Thus, a need exists to
produce a polymeric material with low off-gassing
characteristics for use in particular electronic
manufacturing environments. In particular, low
offgassing of silicon-containing species and
contaminants is especially desired in applications
such as producing potting materials and substrates for
use in dry and liquid immersion lithography (LIL)
environments. BRIEF DESCRIPTION OF THE DRAWINGS The
foregoing and other objects, features and advantages
of the invention will be apparent from the following
more particular description of preferred embodiments
of the invention, as illustrated in the accompanying
drawings in which like reference characters refer to
the same parts throughout the different views. The
drawings are not necessarily to scale, emphasis
instead being placed upon illustrating the principles
of the invention.FIG. IA depicts a gravity dispensing
system using a pump metering system for producing low
out-gassing polyurethane, consistent with an
embodiment of the invention. FIG. IB depicts a
dispenser unit for use with the gravity dispensing
system 



of FIG. IA in accord with an embodiment of the
invention. FIG. 1C depicts a cross sectional view of a
disposable mix head for use with the dispenser unit of
FIG. IB, in accord with an embodiment of the
invention. FIG. 2 presents a schematic of an apparatus
used to detect the off-gassing of filter units
including the off-gassing of potting materials in
accord with an embodiment of the invention. FIG. 3A
presents a graph of"the emission from a GC/MS column
analysis of downstream off-gassing from a E3000 filter
unit after 0 to 4 hours of exposure to 200 ft3/min of
essentially clean air, the detection configured to
detect high boilers. FIG. 3B presents a graph of the
emission from a GC/MS column analysis of downstream
off-gassing from a E3000 filter unit after 24 hours of
exposure to 200 ftVmin of essentially clean air, the
detection configured to detect high boilers. FIG. 4
presents a graph of the emission from a GC/MS column
analysis of desorption of species from a sample of a
commercially available polyethylene used as a potting
material when subjected to a temperature of about 5O0C
for about 30 minutes, the detection configured to
detect high boilers. FIG. 5 presents a graph of the
emission from a GC/MS column analysis of downstream
off-gassing from a filter unit utilizing a
commercially available polyethylene potting material
after 24 hours of exposure corresponding with the
results shown in Table 1, the detection configured to
detect high boilers. FIG. 6 presents four graphs of
the GC/MS column analyses of desorption of species
from samples of commercially available polyethylenes
used as a potting material when subjected to a
temperature of about 5O0C for about 30 minutes. FIG. 7
presents four additional graphs of the GC/MS column
analyses of desorption of species from additional
samples of commercially available polyethylenes used
as a potting material when subjected to a temperature
of about 500C for about 30 minutes.- AFIG. 8A presents
a graph of the emission from a GC/MS column analysis
of 



downstream off-gassing from a filter unit utilizing a
commercially available polyethylene potting material,
the detection configured to detect high boilers. FIG.
8B presents a graph of the emission from a GC/MS
column analysis of downstream off-gassing from a
filter unit utilizing sample Sl as a potting material,
the detection configured to detect high boilers.
DETAILED DESCRIPTION OF THE INVENTION Embodiments of
the invention utilize a low off-gassing polyurethane
comprising a polyurethane substrate and additive that
is essentially free of siliconcontaining contaminants
or species. Such silicon-containing species or
contaminants include siloxanes such as hexamethyl
disiloxane (HMDSO) and hexamethylcyclotrisiloxane;
silanes such as isobutoxytrimethyl silane and
trimethyl silane (TMS); silazanes such as
hexamethyldisilazane (HMDS); silanols; and silicones.
In addition, the polyurethane substrate may also
possess low off-gassing of other contaminants such as
aliphatic hydrocarbons; BHT; chlorobenzene, other
substituted and unsubstituted phenols; phthalates such
as DOP, DEP, and DBP; and volatile acids and bases.
Additives are any composition or compound which is
added to the polyurethane polymer to impart desired
properties to the polyurethane. Additives include but
are not limited to leveling agents, foaming agents,
antioxidants, agents that regulate or control flow or
viscosity, plasticizers, flame retardants, pigments,
fillers. For purposes of this invention, an additive
is selected based upon its low offgassing of silicon
species or contaminants. Reduction or elimination of
siliconcontaining species in an additive is desirable
to produce a low off-gassing polyurethane of the
invention. In particular, the low off-gassing
polyurethanes are characterized by particular low
off-gassing rates, i.e., the reduced production of
particular undesired species or contaminants relative
to other polymer substrates or polyurethane
formulations. The low off-gassing characteristics of
the polyurethane are 



particularly advantageous when the polyurethane is
utilized in applications requiringextremely low
contamination levels, such as lithography and other
electronics manufacturing processes. One particular
application is in the area of potting materials.
Potting materials act as a sealant to fill gaps or
adhere two or more pieces together, and are used in
sensitive areas of electronic components or electronic
equipment manufacturing. For example, in the
production of filter units for cleaning gases in
electronic device production environments, potting
materials such as polyethylene and polyurethanes are
typically used as an adhesive to bind the filter
membrane to a aluminum filter frame. Since potting
materials are often composed of an organicbased
substrate, off-gassing of organics and other species
resident in and on the substrate presents a major
source of contamination in electronics manufacturing.
Thus, low off-gassing potting materials are able to
act as sealers and/or adhesives in electronic
applications without producing contaminants that are
detrimental to the environments in which they are
exposed. In another particular application, the
emerging area of liquid immersion lithography (LIL)
drives the need for environments that are relatively
free of particular contaminants. LIL involves
performing lithography in a liquid environment where
the index of refraction of the liquid is greater than
one (e.g., for water n=1.44 at 193 nm). LIL
potentially enables greater resolution of feature
sizes and better depth of focus for larger feature
sizes. The high transmission of liquids such as water,
however, causes a small amount of any contaminant to
dominate absorbance of the radiation. Decreasing the
level of contaminants, especially silicon-containing
species, is extremely important if LIL is to attain
commercial success. Thus, in some embodiments of the
invention, low off-gassing substrates emit
contaminants at a level acceptable to perform LIL.
More specifically, for example, manufacturers of
electronic devices require processes operate with a
condensable organic level below about 0.9 mg/m3, and
more preferably below about 0.35 mg/m3. As well,
keeping silicon-containing species 



below about 0.1 mg/m3, and individual amounts of
particular phthalates (e.g., dioctyl phthalate (DOP),
dibutyl phthalate (DBP), diethyl phthalate (DEP))
butylated hydroxytoluene (BHT), and chlorine organics
below about 0.2 mg/m3 is of great importance.
Furthermore,, keeping volatile bases below about 0.2
mg/m3, preferablybelow about 0.07 mg/m3, and volatile
acids below a level ranging from about 0.4 mg/m3 to
about 0.03 mg/m3 is also important. In one embodiment,
the polyurethane releases less than about 0.0001 mg of
one or more silicon-containing species or contaminants
per gram of polyurethane per minute (mg/gm/min) when
the polyurethane is exposed to a temperature of about
500C for about 30 minutes. These quantities of
off-gassing may be determined using desorption tests
that analyze the species or contaminants using GC/MS
as described herein. The silicon-containing species
include, but are not limited to, those particular
species described herein. In another embodiment, the
polyurethane releases less than about 0.00 18
mg/gm/min BHT when exposed to a temperature of about
500C for about 30 minutes. In other embodiments of the
invention, the polyurethane releases less than about
0.0001 mg/gm/min of one or more low molecular weight
aliphatic hydrocarbons (molecular weight less than
tetradecane) and/or phthalates when exposed to a
temperature of about 500C for about 30 minutes. In
another embodiment, the polyurethane releases less
than about 0.0005 mg/gm/min chlorobenzene when exposed
to a temperature of about 500C for about 30 minutes.
In particular for these embodiments, off-gassing
typically occurs at a pressure that is substantially
ambient, i.e., about one atmosphere. In a related
embodiment, the poryurethane further comprises carbon
black. The polyurethane substrate may also be foamed.
Carbon black is used to eliminate the discoloration of
aged polyurethane in the absence of BHT, the BHT
typically used as an antioxidant to prevent yellowing
of the substrate. Carbon black may also interact with
the substrate to help enhance the low off-gassing
properties of the polyurethane. Foaming of the
substrate helps decrease the amount of polyurethane
required for a particular application, thereby
decreasing material costs. Solid 



polyurethane has a density of about 1.4 g/cm3, while
the foamed polyurethane' s density is about 0.15
g/cm3. Foaming may also impart.particular mechanical
properties to the polyurethane (e.g., lower density)
that may be advantageous in particular applications.
The polyurethane substrates utilized with embodiments
of the invention are formed by reacting a
diisocyanate:O= :NRN= with a diol: HO- -R1 OH to yield
the polyurethane The reaction is exothermic and quite
rapid, completing in about two minutes; the finished
material may be handled in about five minutes. Foaming
may be achieved in various manners. Preferably, some
water is incorporated with the polyol. Water reacting
with the diisocyanate creates an amine and carbon
dioxide, the latter acting to form the material. The
amine reacts with further isocyanate to form a
substituted urea, which again reacts with isocyanate
to form an imidocarbonic diamide (or biuret). Thus, by
adding excess diisocyanate, one can control the
formation of this side product, which tends to harden
the polymer network and increase the crosslinking.
Alternatively, a fluorocarbon is mixed with the
reactants. The exotherm produced by the reaction
causes the fluorocarbon to vaporize and act as a
blowing agent to produce the foam. Nitrogen can also
be used with the reactants to control or regulate
foaming. Low off-gassing polyurethanes are achieved by
removal of particular additives that are typically and
ubiquitously incorporated with the reaction mixture to
control particular properties of the end polyurethane
product. For example, a number of silicon-containing
species are incorporated in small amounts in urethane
substrates. Trace amounts of HMDSO are utilized with
fumed silica to control the viscosity of the reaction
mixture. As well, silicones are added to allow for
surface 



leveling of the formed substrate, to act as an
antifoaming agent, and to improveconsistency of the
substrates cell structure upon foaming. Thus,
eliminating the presence of these components in the
polyurethane formulation allows the substrate to
achieve the low off-gassing characteristics that are
desired. Other chemical species of a non-silicon
nature are also introduced into polyurethane
formulations, adversely impacting the off-gassing
properties of the substrate. Polyurethane
manufacturers include BHT in their polyurethane
formulations as an antioxidant to prevent
discoloration and yellowing of the material with
aging. Incorporation of carbon black with the
formulation can help alleviate this aesthetic quality
to the extent that such a property is important.
Phthalates are also commonly added to polyurethane
formulations as plasticizers to lower the
glass-transition temperature of the polymeric
substrate, increasing flexibility of the network.
Other additives that may adversely affect off-gassing
properties include flame retardants (including halogen
compounds), pigments (organic additives), and other
fillers. Thus, embodiments of the invention utilize a
polyurethane substrate formed from a formulation that
is essentially free of silicon-containing species and
contaminants. Other embodiments involve polyurethane
formulations that are essentially free of other
non-silicon-containing species (e.g., BHT, phthalates,
and chemical species such as hydrocarbons and volatile
acids and bases as discussed herein). This can be
achieved by removing or eliminating
silicone-containing species that can produce off-gas
contaminants from additives that are admixed with the
polyurethane polymer, as discussed above. It is not
necessary to remove silicone species that are stably
retained by polyurethane and would not off-gas, such
as polymers having silicone moieties. The particular
nature of R and R' in the reactants or formed
polyurethane substrate does not limit the scope of the
invention. Thus, specific polyurethanes that are
formed from reacting toluene diisocyanate (the 2,4 or
the 2,6 isomer), isophorone diisocyanate,
diphenylmethane 4,4' diisocyanate, naphthalene 1,5 



diisocyanate, hexamethylene diisocyanate, or blends
thereof. Diols of various types may also be used,
including polyethers and polyesters. As well, a
combination of polyol (having two or more hydroxide
groups) and isocyanate can also be used to form the
polyurethane. Indeed, the range of polyurethane
formulations known tothose of ordinary skill in the
art can be utilized so long as the presence of
undesired off-gassing components is not present in the
formulation or completed substrate product. Undesired
off-gassing characteristics of particular
polyurethanes are identifiable using the experimental
techniques discussed herein, i.e., desorption and
off-gassing filter unit testing. Formation of the low
gassing polyurethane is achieved through a gravity
dispensing system (Ashby Cross Company Inc.) 100
depicted in FIG. IA which uses gear pump metering.
Each component of the formulation is held in a drum
110, 120 and gravity fed into the metering system 140.
The system includes a drum ram pump dispenser and a
standard drum pump. Gravity feeding avoids the use of
pumps that require lubricants that act as potential
contaminants. Gear pump metering, as opposed to piston
metering, is utilized to control flow of the
reactants, again eliminating the need of potentially
contaminating lubricants. Alternatively, a pump fed
system may also be utilized. The components are
dynamically mixed in a dispenser unit 130 that
contains a disposable mix head 135, as depicted in
FIGS. IB and 1C. As shown in the cross-section of the
disposable mix head 135 in FIG. 1C, the flow
interrupting structures 138 promote mixing of the
isocyanate and polyol reactants. Low off-gassing
polyurethanes are utilized in a number of other
embodiments of the invention. In one embodiment, a
potting material comprises a low off-gassing
polyurethane consistent with any of the polyurethane
compositions described herein. Another embodiment of
the invention is directed to a filter unit comprising
a filter membrane; a filter frame (e.g., constructed
of aluminum); and a potting material used to attach
the filter membrane to the filter frame. Though filter
frames may typically refer to the production of air
filters, other embodiments may 



utilize a filter housing in place of the frame in
which the housing can be adapted for various types of
fluid streams (liquid or gas). The potting material
comprises a low off-gassing polyurethane consistent
with any of the polyurethane compositions described
herein. The low off-gassing polyurethane substrate
limits off-gassing of contaminants, such as
silicon-containing species and other contaminants, to
help keep electronic manufacturing environments clean.
Other embodiments of theinvention utilize the
polyurethane substrate embodiments described herein in
other applications such as LIL environments to limit
silicon-containing contamination. Experiments were
performed on a number of potting materials,
commercially available and newly synthesized, to test
their off-gassing characteristics. Two different types
of tests were carried out on the various potting
materials. Tests were all conducted at about
atmospheric pressure. One set of tests were conducted
to determine the off-gassing of actual filter units
(herein "off-gassing filter test units") using the
apparatus 200 shown in FIG. 2. An input gas conduit
210 carries essentially clean air. The input gas
conduit 210 is connected to the output gas conduit 220
by four parallel filter tunnels 230, 240, 250, 260,
each loaded with an individual filter unit 270. Valves
280 in each of the filter tunnels 230, 240, 250, 260
may be opened or closed to control the path of gas
from the input conduit 210 to the output conduit 220.
For example, three of the four valves may be closed,
and the remaining opened, to test the off-gassing
characteristics of the filter unit 270 in the open
valve filter tunnel. Gas flow through a filter tunnel
is controlled using the valve. Alternatively, more
than one filter tunnel may have air flowing there
through, the respective valve being adjusted to
determine the air flow in the respective filter
tunnel. Sample ports 290 allow downstream sampling of
the air after contact with the filter units 270. The
sampled air is analyzed using a GC/MS to determine
total and individual contaminant levels in terms of
concentration (mg/m3) over various times. The sampler
and GC/MS are wet up in two different detection
configurations to capture two molecular weight
groupings of contaminant species: the high boiler
detection arrangement is 



configured to detect species with molecular weights
greater than about C to C (around toluene); and the
low boiler detection arrangement is configured to
detect species having a molecular weight less than
about C to C The low boiler detection arrangement
utilizes a carbo-trap as a sampler, while the high
boiler arrangement uses a Tenex tube. The GC/MS is
also specifically calibrated depending upon whether
high or low boilers are being emphasized during
detection. A second set of tests were conducted by
performing direct desorption from samples of potting
material (herein "desorption test"). Samples of
potting material, about 0.2 mg, were exposed to an
environment of 50C for 30 minutes. A PerkinElmer
Turbomatrix(tm) sampler was used to collect any
desorbed materials from the heated potting material.
Desorbing of the secondary trap was conducted at
3000C. Analysis of the desorbed species from the
secondary trap was performed using a Perkin-Elmer
GC-MS, operating using a temperature ramp from 500C to
32O0C on a DB5 column. The amount of species captured
is normalized by the amount of potting material
sampled and the time of exposure for the potting
material. Thus, the desorption result is given in mg
of contaminants per gram of material sampled per time
of sampling (mg/gm/min). The sampling and GC/MS are
again adjusted to capture two molecular weight
groupings of contaminant species: the high boiler
detection arrangement is configured to detect species
with molecular weights greater than about C to C
(around toluene); and the low boiler detection
arrangement is configured to detect species having a
molecular weight less than about C to C . Using the
off-gassing filter units test configured for high
boiler species, filter units from an E3000 model
filter unit produced by Extraction Systems, Inc. (now
Entegris Corporation, Chaska, MN) were tested. Flow
through the filter tunnel was approximately constant
at about 200 ftVmin. A graph representing the
contaminants identified by GC/MS is depicted in FIG.
3A. The graph 300 shows the relative abundance 310 of
a species emitted at a particular time 320 from the
GC/MS adsorption column. The time is also known as the
retention time. Particular retention times may be
correlated with a particular species. Toluene or
hexadecane 



is utilized as a standard for calibrating the GC/MS
retention times. The graph 300 shows the result of air
sampling between 0 to 4 hours after air has been
flowing through the off-gassing filter units test
apparatus. Integration of the signal yields a total
organic carbon output of about 54 mg/m3. After 24
hours of run time, the downstream concentration of
contaminants is still significant as shown in FIG. 3B,
the total integrated organic contamination being about
26 mg/m3. Testing of the polyethylene beads used for
the potting material for the filters by desorption
yields the GC/MS data shown in FIG. 4. The integrated
desorbed species have a total content of about 3
mg/gm/min. Table 1 presents more detailed speciation
information from an off-gassing filter unit test,
configured to detect high boilers, conducted with a
filter unit utilizing the polyethylene potting
material. The result corresponds with a condition
after aperiod of 24 hours of off-gassing occurring in
the filter tunnel. Retention times are
probabilistically matched with potential compounds
from a NIST standard library. FIG. 5 presents the
corresponding GC/MS graph.SEPARATION METHOD AND
ASSEMBLY FOR PROCESS STREAMS IN COMPONENT SEPARATION
UNITS Related Applications [0001] This application is
a continuation-in-part of U.S. Patent Application
Serial No. 10/396,851, filed on March 25, 2003.
BACKGROUND OF THE INVENTION 1. Field Of The Invention
[0002] The invention relates to a method of providing
filtration of contaminants from process streams. In
another aspect, this invention relates to a method for
providing flow distribution of process streams in
process units. In yet another aspect, this invention
provides filtration or flow distribution or both while
concurrently catalyzing at least one reaction to at
least partially remove and/or convert certain chemical
species within the process stream. In yet another
aspect, this invention relates to a method and
assembly for utilizing at least one cellular solid
material in a component separation unit to separate
one or more process streams into one or more component



process streams having desired compositions. 2.
Description Of Related Art [0003] Contaminants in
process streams can be deleterious to processes and
also to process units. Contaminants can damage process
units, potentially resulting in an environmental or
safety incident. Contaminants can also damage
processes by decreasing efficiencies within processes,
stopping production, affecting the specifications of
products, or the like. Contaminants can be found in
all types of process streams, such as feed streams,
discharge streams, or effluent streams.Contaminants
can affect various types of process units, such as
reactors, extractors, distillation columns, scrubbers,
tail gas treaters, incinerators, exchangers, boilers,
condensers, and the like. [0004] Process units may be
configured such that process streams in the unit flows
vertically downward or upward or both. Alternatively,
process streams in the unit may flow radially from the
center out or from the external part of the unit to
the center or both. [0005] Reactors are one type of
process unit. Many reactors include discrete solid
catalyst particles contained in one or more fixed
beds. Catalyst beds are typically very efficient at
trapping contaminants in process streams fed to the
catalyst bed. Such catalyst beds, however, can quickly
become clogged by these trapped contaminants. As the
bed becomes clogged, pressure drop across the process
unit rises resulting in eventual premature shutdown of
the process unit. [0006] Partly to mitigate this
problem, catalyst bed process units as well as
noncatalyst bed process units are often supplemented
with conventional retention material beds that are
somewhat less resistant to clogging. These
conventional retention material beds are typically
located at the inlet to the process unit. In the case
of catalyst bed process units, the conventional
retention material beds are typically inert to the
reactions in the catalyst bed. These conventional
retention material beds can be somewhat effective in
trapping or filtering all or some contaminants such as
dirt, iron oxide, iron sulfide, asphaltenes, coke
fines, catalyst fines, salts, acidic impurities, 



sediments or other entrained foreign particulate
material in the process stream entering, within or
leaving the process unit. The trapping of the
contaminants is toprevent undesirable material from
clogging or poisoning or otherwise harming the process
unit. When these conventional retention material beds
are inert they are typically made of conventional
ceramic materials in the form of pellets, rings,
saddles or spheres and typically must be resistant to
crushing, high temperatures and/or high pressures.
While these conventional retention material beds can
be somewhat effective in preventing the process unit
from being clogged, the conventional retention
material beds themselves eventually become clogged.
[0007] Conventional retention material beds may also
facilitate flow distribution of the process stream in
a direction perpendicular to the flow of the process
stream across the process unit. Such behavior will be
referred to herein as perpendicular flow distribution.
As an example, in an upflow or down flow process unit,
the process stream flow is in the axial direction and
the perpendicular flow distribution is in the radial
direction. [0008] To increase the efficiency of
conventional retention material beds, graduated layers
of these materials in different sizes and shapes along
with perforated discs, or screen baskets, have been
used to retard the process unit from becoming clogged
with contaminants such as dirt, iron oxide, iron
sulfide, asphaltenes, coke fines, catalyst fines,
sediments, or other entrained foreign particulate
material. [0009] Conventional retention material beds
exposed to contaminants at the inlet to a process unit
will eventually become clogged with contaminants. As
this happens, the pressure drop across the process
unit rises, resulting in the eventual shutdown of the
unit. When this happens in catalyst bed process units,
it is typical that part of the catalyst bed itself
becomes somewhat or completely clogged with
contaminants.After such shutdown of the process unit,
skimming, or removal, of the clogged portion of the
conventional retention material, as well as the
clogged portion of the catalyst bed, is required.
[0010] In addition to clogging by contaminants in the
process stream, polymerization of polymer precursors,
e.g., diolefins, found in the process streams fed to
catalyst bed 



process units may also foul, gum or plug such process
units. In particular, two mechanisms of
polymerization, free radical polymerization and
condensation-type polymerization, may cause catalyst
bed fouling, gumming or plugging. The addition of
antioxidants to control free radical polymerization
has been found useful where the process stream has
encountered oxygen. Condensation polymerization of
diolefins typically occurs after an organic-based feed
is heated. Therefore, filtering prior to the process
stream entering the catalyst bed process unit may not
be helpful to remove these foulants as the
polymerization reactions generally take place in the
unit. [0011] It is highly desirable to have retention
materials that do not just clog with contaminants but
efficiently and effectively filter contaminants from
the process stream. Efficiency relates to the percent
of contaminants removed by such materials from the
process stream, as well as, to the range of sizes of
contaminants that can be removed by such materials.
Effectiveness relates to the extent that such
materials do not impede the flow of the decontaminated
process stream through the retention materials. Such
materials would desirably remove virtually all
contaminants within a broad range of sizes from the
process stream, while not causing an unacceptable
pressure drop increase across the process unit. It is
also highly desirable to have retention materials that
promote perpendicular flow distribution. The method of
thepresent invention for filtration and flow
distribution for process streams, when compared with
previously proposed prior art methods, has the
advantages of providing highly efficient and highly
effective filtering of contaminants; increasing the
life and activity of catalysts in catalyst bed process
units; decreasing catalyst losses; enhancing product
selectivities, increasing throughput/productivity,
allowing for the optimization of process unit
configuration; improving the perpendicular flow
distribution of process streams into and within
process units and eliminating the need to take process
units off-line when conventional retention material
beds have clogged to the point that pressure drop
across units have risen to unacceptable levels. These
benefits will result in both capital and operating
cost savings, reduced downtimes, increased process
unit performance and extended process unit operating
time. 



[0012] Weaknesses of conventional retention material
beds are that they are neither particularly efficient
nor particularly effective as filters'. Conventional
retention material beds are typically efficient at
removing some contaminants from the process stream for
a limited period of time. The contaminants so trapped
are typically those about 50 microns and larger. The
effectiveness of conventional retention material beds
suffers due to eventual clogging, which prevents flow
of the decontaminated process stream through the
conventional retention material beds and leads to
unacceptable increase in process unit pressure drop.
Furthermore, conventional retention material beds
appear to trap contaminants within about the top six
to twelve inches of depth. Deeper beds of conventional
retention materials do not increase the trapping
capacity of these materials. Therefore, the art has
sought filtration methods that remove particulate
contaminants smaller than 50 microns, that filter
particulate contaminants while allowing the free flow
of decontaminated process streams with nosignificant
rise in process unit pressure drop and that have a
filtering capacity that increases with bed depth,
regardless of bed depth. [0013] Disadvantages
associated with current perpendicular flow
distribution designs and methods in process units may
result in poor distribution within the process unit.
Clogging or other fouling such a s that caused by
particulate contaminants or the products of undesired
polymerization reactions may also cause
maldistribution. The maldistribution may result in
channeling and corresponding bypassing of portions of
the process unit, reduction in the efficiency of
contaminant removal and reduction in unit efficiency.
Usually, a maldistribution problem is also evidenced
by so-called temperature hot-spots. Such hot-spots
can, for example, lead to increased coking and reduced
activity in catalyst bed process units. Besides
maldistribution problems and coking, the increase in
pressure drop may cause catalyst breakdown as a result
of attrition. Therefore, the art has sought a
perpendicular flow distribution method that may
distribute the process stream more uniformly within
the process unit, provide efficient filtering of
contaminants, reduce the occurrence of hot-spots,
minimize catalyst attrition, and reduce fouling caused
by undesired polymerization reactions. 



[0014] U.S. Patent Nos. 6,258,900 and 6,291,603, both
of which are incorporated by reference in their
entireties, describe reticulated ceramic materials
that are used to filter and distribute organic feed
streams in a chemical reactor. A need exists for
filtering and flow distribution capabilities for other
types of process streams besides organic-based streams
and for other types of process units besides chemical
reactors. [0015] It is desirable for the filtering and
flow distribution methods for all process streams and
all process units to increase the filtering efficiency
and effectiveness ofmaterials utilized to remove
contaminants from process streams, to improve
perpendicular flow distribution within process units,
to have unit run length determined by factors other
than pressure drop increase, to minimize pressure
drops across process equipment, and to maximize
process safety and minimize environmental concerns
arising from catalyst bed channeling and flow
misdistribution, temperature hot-spots and process
unit shutdowns and start-ups. [0016] Component
separation units are a specific type of process unit
that have traditionally been used in laboratories,
pilot plants and industrial facilities to separate
process streams into component process streams having
desired compositions. With regard to any component
separation unit, a "process stream" can refer to a
feed stream, "component process streams" can refer to
product streams from the unit and "phases" can refer
to individual liquid or vapor phases within the unit.
During component separation, a phase moving in one
direction and a phase moving in the opposite direction
are contacted with one another within the component
separation unit to effectuate mass transfer at the
interface between the phases. Component separation is
accomplished as a result of this mass transfer. As a
result of the mass transfer, one or more process
streams are separated to form one or more component
process streams each having desired compositions.
Typically, a plurality of trays and/or packing
elements are positioned within the unit to facilitate
contact between the phases and mass transfer between
the phases. The trays are typically stacked
horizontally with respect to one another, while the
packing elements are randomly loaded or formed into a
structured shape. Randomly loaded packing elements 



generally do not have any specified orientation
relative to one another, while structured elements
have a specific overall shape and relative
orientation.[0017] Examples of component separation
units include, for example, distillation units,
chromatographic units, adsorbers, extractors and
combinations thereof, Distillation units achieve
component separation based on the differences in
boiling points of the species present in the process
streams fed to the unit. Distillation units include,
for example, columns, fractionators, splitters,
semi-continuous units, continuous units, flash units,
batch distillation units, strippers, rectifiers,
extractive distillation units, azeotropic distillation
units, and vacuum distillation units. Adsorbers and
extractors are contacting units in which vapor and
liquid phases are contacted and desired component
separation is achieved based on the affinity of
components in one phase to the components in the other
phase. For example, a process stream containing
components A and B may enter such a unit at one
position while another process stream containing C may
enter the unit at another position. One of these
streams is typically liquid while the other can be
liquid or vapor. Now assume component B has a much
greater affinity for component C than for component A.
Intimate contacting of the two streams in a properly
designed and operated contacting unit will result in
creating one product stream containing component A
with a essentially no component B and a second product
stream containing component C and essentially all of
component B. Commercial use of such a unit might be
driven by the difficulty of directly separating B from
A versus of separating B from C. In this example the
first product stream would be termed the desorbant and
the second product stream would be termed the
adsorbant. Specific examples of adsorber units include
continuous adsorbers, temperature swing adsorbers,
pressure swing adsorbers, purge/concentration swing
adsorbers and parametric pumping. Extractors are
contacting units in which immiscible liquidphases are
contacted and component separation is achieved using a
mass separating agent. In the example above, the
component C in the second process stream would be the
mass separating agent. An example of an extractor unit
is an aromatics extraction unit wherein a hydrocarbon
stream containing aromatic species and non-aromatic 



species are contacted with a mass separating agent
such as sulfolane or morpholine and efficient
contacting of these two immiscible liquids results in
extraction of the aromatic species from the
hydrocarbon steam into the stream containing the mass
separating agent. Component separation units can also
include a zone of catalytic materials to facilitate
desired chemical reactions in the component separation
unit. Examples of such include reactive distillation
units and extractive distillation units. Examples of
conventional unit internals used to achieve or enhance
separation in component separation units include, for
example, trays, randomly packed rings or saddles,
structured packing having meshes, monoliths, gauzes
and the like, collectors, distributors, downcomers,
wall wipers, support grids and hold down plates.
[0018] Inside a component separation unit, there is
repeated intimate contact between the rising phase and
the falling phase. This contact is facilitated by the
trays and/or packing materials. Each section of trays
or depth of packing material may approximately
represent a number of "theoretical stages" of
separation. The component separation unit internals
are designed and positioned within the component
separation unit to produce the appropriate number of
"theoretical stages" that will achieve the desired
separation. [0019] In distillation units the repeated
contact between the phases ultimately results in a
vapor phase consisting of higher volatility, lower
boiling point species and aliquid phase consisting of
lower volatility, higher boiling point species. This
mass transfer between phases is driven by the
differences between the boiling points of the species
in the phases. Species with lower boiling points rise
and components with higher boiling points fall. Upon
creation of the one or more phases of desired
composition, a portion of the vapor phase is typically
recovered as an upper component process stream, and
the remaining portion is condensed and passed as a
reflux phase back into the distillation unit for
further mass transfer. Likewise, a portion of the
liquid phase is recovered as a lower component process
stream, and the remaining portion is reboiled (i.e.,
vaporized) and returned to the distillation unit for
further mass transfer. In addition, one or more
component process streams can be 



recovered from the distillation unit at any location
between the top and bottom of the distillation unit.
[0020] In component separation units, it is highly
desirable to achieve efficient and cost effective
separation within the unit. It is also highly
desirable to achieve low pressure drop within the unit
and a low HETP (height equivalent to a theoretical
plate (or stage)) number for the unit. The degree of
separation achieved by the unit may be affected by,
among other factors, the amount of contact between the
phases, the number of trays used, the amount and type
of packing material used, the temperature and pressure
at which the unit is operated, and the differences
between the boiling points or other relevant
separation characteristics of the species contained
within the phases. Separation may also be affected by,
for example, the design of the trays, the use of
distributors in the unit to promote uniform
distribution of phases across the cross-sectional area
of the unit, and the design of the packing
materials.[0021] Prior art packing materials within
component separation units have been either randomly
loaded or structured. Randomly loaded or "loose"
packing, although less costly than structured packing
material, has been shown to have high pressure drop or
low mass transfer characteristics, and suffer from
poor phase distribution which results in poor
separation efficiency in the unit. Also, prior art
units that have utilized trays or "loose" packing
materials have proven to be prone to corrosion and
fouling and have provided inefficient separation. As a
result, prior art loose packing technology gave way to
the development of highly engineered structured
packing technology. Structured packing materials can
provide improved or separation efficiency; however,
the manufacturing of structured packing material
requires sophisticated machineries, engineering
expertise and fabrication skills to design larger
units to perfection. Further, these materials are
generally more expensive to fabricate and require more
unit down time for installation than random packing.
Even though they are more costly, structured packing
materials are often used in place of random packing
because they provide higher production rates than
existing units due to better pressure drop and mass
transfer characteristics. The use of structured
packing 



materials, however, has generally been limited to
processes that are not subject to fouling or
corrosion. Structured packing is more expensive and
difficult to install, and so its use in processes
where fouling or corrosion would necessitate more
frequent replacement is economically unattractive.
[0022] Accordingly, prior to the development of the
present invention, there has been no method and
apparatus for separating process streams into
component process streams having desired compositions
in a component separation unit which provides the
desirable characteristics and/or levels of: efficient
separation at a low HETP value;relatively low pressure
drop; resistance to fouling and/or corrosion; low
fabrication and installation costs; ease of
replacement; and improved overall performance and
production. Therefore, the art has sought a method and
apparatus for improving the separation of process
streams into desired component process streams via
distillation, adsorbtion and/or extraction which: does
not cause relatively large pressure drops; displays
more efficient separation at a low HETP number;
requires less complex and expensive design,
fabrication, installation, operation and maintenance,
resists fouling and corrosion, can be easily replaced
and exhibits overall improved performance and
production. SUMMARY OF INVENTION [0023] In accordance
with the invention, the foregoing advantages have been
achieved through the present method of filtering a
process stream, for distributing a process stream
within a process unit and for accomplishing one or
both while concurrently catalyzing desired reactions.
Yet another embodiment of the invention is separating
one or more process streams into one or more component
process streams having desired compositions in a
component separation unit using specified forms of
cellular solid materials. CELLDIST will be the name
used to identify the specific forms of cellular solid
materials used in the present invention. CELLDIST
materials are three-dimensional cellular solids.
Cellular solids are materials comprised of solid
components or materials and cells. ("Cells" and
"pores" are, for the purpose of this application,
synonyms.) The solid material can be comprised of
ceramics, metals, 



polymers and mixtures thereof. The cells can be open
or closed or a combination of both. Open cells have
windows into the cell said windows being of a size
equal to or less than the size of the cell itself.
Open-cell materials have passages between thecells
through the windows in the cell. Closed-cell materials
have no windows and no passages between cells. There
are two basic structural forms of cellular solids:
twodimensional and three-dimensional. Two-dimensional
cellular solids have cells that are translated in two
dimensions. These typically form non-interconnected
parallel channels. Honeycombs and monoliths are
examples of two-dimensional cellular solids. There are
two basic structural forms of three-dimensional
cellular solids: periodic and stochastic.
Three-dimensional periodic cellular solids are
characterized by a unit cell that is translated
throughout the structure with three-dimensional
periodicity. Examples include ordered cell arrays such
as hollow spheres and truss and lattice structures.
Stochastic cellular solids have three-dimensional
geometry with variation of cell sizes and shapes.
These materials cannot be characterized by a single
repeated unit cell. The randomness of the topology of
these materials leads to the label "stochastic." An
example of an open-cell stochastic cellular solid is
ceramic foam. CELLDIST materials need not be purely
stochastic nor purely periodic in topology. CELLDIST
materials may be intentionally or unintentionally a
combination of the two, the latter due to the
imprecision of nature when it comes to attaining
perfect periodicity and the opportunity at some level
to formulate stochastic materials that have some
semblance of periodicity. Cellular solids with
substantially open cells are also called reticulated
materials. [0024] CELLDIST materials must also satisfy
the requirements of separation. The requirements of
separation of the present invention are driven by the
need to achieve satisfactory capacity, phase
contacting and pressure drop in component separation
units. The requirements of separation require that the
CELLDIST materials exhibit sufficiently open cells and
low relative density. Recognizing the possible
existence ofan amount of closed cells in the CELLDIST
material, sufficiently open cells have windows into
sufficient open cells such that the average window
size is greater than 10% of the size of the average
cells (including open and closed cells), preferably 



averaging greater than 40% of the size of the average
cell. Relative density is the density of the cellular
solid divided by the density of the solid material
itself. Relative density is low if it is 50% or less,
preferably 30% or less. [0025] In accordance with the
invention, component separation units are a specific
type of process unit used to separate process streams
into one or more component process streams having
desired compositions. With regard to any component
separation unit, a "process stream" can refer to a
feed stream, "component process streams" can refer to
product streams from the unit and "phases" can refer
to individual liquid or vapor phases within the unit.
Examples of component separation units relevant to the
invention include, for example, distillation units,
adsorbers, extractors and combinations thereof. During
component separation in, for example, a distillation
unit, a phase moving in one direction and a phase
moving in the opposite direction are contacted with
one another within the component separation unit to
effectuate mass transfer at the interface between the
phases. During component separation in, for example,
an adsoption unit, mass transfer is accomplished by
causing desired species from one or more fluid phases
to be adsorbed on the surface of suitably activated
solid materials, including CELLDIST materials, packed
within the unit. During component separation in, for
example, an extraction unit, fluid phases are
contacted within the unit to achieve desired mass
transfer between the phases. Component separation is
accomplished as a result of this mass transfer. As
aresult of the mass transfer, one or more process
streams are separated to form one or more component
process streams each having desired compositions.
[0026] Examples of component separation units relevant
to the invention include, for example, distillation
units, adsorbers, extractors and combinations thereof.
Distillation units achieve component separation based
on the differences in boiling points of the species
present in the process streams fed to the unit.
Distillation units include, for example, distillation
columns, fractionators, splitters, semi-continuous
units, continuous units, flash units, batch
distillation units, strippers, rectifiers, extractive
distillation units, azeotropic distillation units, and
vacuum distillation units and 



combinations thereof. Adsorbers and extractors are
contacting units in which one or more fluid phases are
contacted and desired component separation is achieved
based on the affinity of components in one phase to
either the components in the other phase or to
suitably activated solid adsorbent materials packed in
the unit. For example, a process stream containing
components A and B may enter such a unit at one
position while another process stream containing C may
enter the unit at another position. One of these
streams is typically liquid while the other can be
liquid or vapor. Now assume component B has a much
greater affinity for component C than for component A.
Intimate contacting of the two streams in a properly
designed and operated contacting unit will result in
creating one product stream containing component A
with a essentially no component B and a second product
stream containing component C and essentially all of
component B. Commercial use of such a unit might be
driven by the difficulty of directly separating B from
A versus of separating B from C. Specific examples of
adsorber units include continuous adsorbers,
temperature swing adsorbers, pressure swing
adsorbers,purge/concentration swing adsorbers and
parametric pumping. Extractors are contacting units in
which immiscible liquid phases are contacted and
component separation is achieved using a
mass-separating agent. In the example above, the
component C in the second process stream would be the
mass-separating agent. An example of an extractor unit
is an aromatics extraction unit wherein a hydrocarbon
stream containing both aromatic species and
non-aromatic species are contacted with a mass
separating agent such as sulfolane or morpholine and
efficient contacting of these two immiscible liquids
results in extraction of essentially all of the
aromatic species from the hydrocarbon stream into the
stream containing the mass separating agent. Component
separation units can also include a zone of catalytic
materials to facilitate desired chemical reactions in
the component separation unit. Examples of such
include reactive distillation units and extractive
distillation units. [0027] The present invention
advantageously provides a method of removing
contaminants from a contaminated process stream. The
method preferably is 



performed by passing the process stream over a
plurality of reticulated elements in a process unit.
The reticulated elements are randomly packed in the
process unit such that there is significant void space
between each reticulated element to enhance filtration
of contaminants on a surface of the reticulated
elements while allowing the decontaminated process
stream to pass unimpeded through the plurality of
reticulated elements. A surface can include an inner
surface and an outer surface. Reticulated elements
made in accordance with the present invention will
have more inner surface area available for filtering
than outer surface area. Reticulated elements can
include foam materials and monolith materials. Foam
materials generally have a random pattern, while the
monoliths have a more uniform pattern. The reticulated
elementscan be made from any commercially available
materials, for example, zirconia toughened alumina,
commonly referred to as ZTA. ZTA is available, in a
ceramic foam, from Fiber Ceramics, Inc. headquartered
in Cudahy, Wisconsin. Another suitable type of ceramic
is a monolith, which is manufactured by Corning, Inc.
headquartered in Corning, New York. The process stream
can be a liquid stream, a vapor phase, or a
combination of both phases, and the contaminants can
include dirt, iron oxide, iron sulfide, asphaltenes,
coke fines, soot, catalyst fines, acidic impurities,
sediments or other entrained foreign particulate
matter, salts in distillation columns, particulates in
gas streams, or sulfur or sulfides from tail gas
units. The process stream can also be an organic-based
process stream. The reticulated elements should be
provided in an amount sufficient to remove some or all
of the contaminants from the process stream. Another
feature of the present invention may include the step
of providing a decontaminated process stream for
further processing. [0028] More particularly, the
invention relates to a process for improving stream
quality of process streams entering to process units.
An exemplary example includes improving stream quality
of organic-based process streams going to catalytic
bed process units. Preferably, the catalytic bed
process units use discrete, solid element, fixed
catalyst beds. The catalytic bed process units can
include hydrotreater, hydrorefiner, hydrocracker,
reformer, alkylation, dealkylation, isomerization, 



oxidation, esterification, and polymerization
reactors. The discrete solid catalyst particles may be
contained in one or more fixed beds and in either an
upflow, down flow or radial flow design.[0029] In
addition to catalytic bed process units, the
reticulated elements of the present invention can be
used to remove contaminants from other types of
process equipment. Such process equipment can include
incinerators, scrubbers, tail gas treaters, and
distillation columns and any manufacturing units that
operate in a continuous fashion. When used to remove
contaminants in a distillation column, the reticulated
elements can be placed in the bottom of, or at any
position in, the distillation column to act as a
filter to remove salts or other contaminants from the
distillation process. Removal of salts or other
contaminants will reduce the pressure drop across the
tower, allow for better separation efficiency in the
column, and increase the time between downtimes
typically required to remove these salts or other
contaminants from the column. [0030] The present
invention also advantageously provides a method of
perpendicular flow distribution in process units. This
perpendicular flow distribution method includes
providing one or more reticulated elements in the
process unit. When only one reticulated element is
used, it is typically large enough to effectively span
the process unit. When multiple reticulated elements
are used, they are typically arranged in a randomly
packed bed. Regardless of the configuration of the
reticulated elements, each reticulated element has a
plurality of web members that define a plurality of
flow passageways through the reticulated element. A
process stream contacted with the plurality of
reticulated elements is therefore subdivided into a
plurality of smaller fluid streams by passing the
process stream through the plurality of flow
passageways defined by the web members of each
reticulated element. The flows of the process stream
through the flow passageways within the reticulated
elements and through the void spaces between the
reticulated elements when multiplereticulated elements
are used provides for effective flow distribution
perpendicular to the flow of the process stream
through the process unit. This method can be applied
to process streams that are entering the process unit,
at any location within the process 



unit, at the exit from the process unit or any
combination of these locations. This method can be
applied to process streams while concurrently
providing for filtration of contaminants from the
process stream. This method can be applied to process
streams while concurrently performing catalytic
reactions to partially or totally remove or convert
desired chemical species in the process stream. [0031]
An additional feature of the present invention can
include the step of using reticulated elements in a
variety of shapes. The shapes can include
substantially spherical shaped balls, monoliths,
squares, raschig rings, saddles, hollow cylinders,
perforated disks, disks, single sheets, and solid
cylinders, among others. Each shape can be sized to
individual specifications. Sizes for the shapes used
can include substantially spherical balls of about 1A
to 2-inch diameters; monoliths with widths of about 1A
to 2-inches and lengths of about V to 2-inches;
squares with widths of about s to 2-inches and lengths
of about 1A to 2-inches; raschig rings with inside
diameters of about 1A to 1 inch and outside diameters
of about Vi to 1 inches, and heights of about 1A to 2
inches; saddle shapes with radii of about 1A to 2
inches; hollow cylinders having inside diameters of
about 1A to 1 1A inches, outside diameters of about 1A
to 2 inches, and heights of about 1A to 3 inches; and
solid cylinders having diameters of about V" to 1 inch
and heights of about 1A to 2 inches. Custom-made
one-piece disks or single sheet construction can be
custom-fit to the physical configuration of a reactor.
A further feature of this aspect of the present
invention is that the reticulated elements can be
formed in either a disk or single sheet, each
optionally havingperforations. An additional feature
of the present invention is that the reticulated
elements when constructed can be formed into a
plurality of segments in order to form an assembled
sheet or disk that is custom-fit to the reactor's
physical configuration. [0032] An additional feature
of the present invention can include the step of using
reticulated elements in a variety of porosities and
pore sizes. The reticulated elements can be
manufactured such that they have a porosity of so many
pores per inch ("ppi")- For example, this means that a
reticulated element of 30 ppi will, when examined by
one skilled in the art, have on average 30 pores per
inch. Given that there are about 



25 millimeters per inch, the pore sizes of such a
material would be just under one millimeter. Pore size
in this context is the general size of the cavity of
the pore recognizing that pores are not perfect
spheres. Another important element of pore size is the
size of the window opening into the pore. It is this
measure that determines the size of the largest
particle that is trapped or filtered within the pore.
The porosity range of the reticulated elements of the
present invention is from about 4 to about 800 ppi.
This enables customization of the size and shape of
the reticulated elements for the application
constraints including particulate loading and pressure
drop constraints. The pores of the reticulated
elements can be in a range of about 6 millimeters to
about 100 microns, each being defined by a plurality
of web members forming a plurality of flow passageways
through the reticulated elements. The surface area of
these materials can vary even if the ppi value remains
constant. [0033] An additional feature of the present
invention can include the step of using reticulated
elements with different pore sizes in the same process
unit so as to remove contaminant materials of a broad
range of sizes. The materials of the presentinvention
can filter contaminants down to about 1 micron in
size. Commercially available retention materials are
capable of trapping particles down to about 50 micron
in size. [0034] Another feature of the present
invention advantageously provides providing a
plurality of reticulated elements over an entire
length of a process unit. The plurality of reticulated
elements can be commingled throughout the process unit
with a catalyst, with multiple catalysts or with other
materials, such as structured packing materials and
the like. [0035] In accordance with another aspect of
the present invention, the step of contacting the
contaminated process stream with the reticulated
elements may include depositing a catalyst on the
reticulated elements prior to contacting the
contaminated process stream. Another feature of this
aspect of the present invention may include the use of
reticulated elements as a substrate having a
substantially uniform coating of a selected catalyst
including a porous alumina coating with a Group VI-B
metal or a 



Group VIII metal, or both. Preferably, the Group VI-B
metal is molybdenum and preferably, the Group VIII
metal is either nickel or cobalt. More preferably, the
Group VI-B metal and Group VIII metal are impregnated
into the reticulated elements. The method of the
present invention is useful to extend the run life of
the catalyst bed. The catalytically active reticulated
elements can be utilized to react diolefins or other
polymer precursors and also to act as a filter and as
a flow distributor. By filtering solids and partially
reacting any polymer precursors, e.g., diolefins,
fouling of the catalyst is reduced effectively
extending the run time of the reactor.[0036] In
accordance with another aspect of the present
invention, the filtration method may include the step
of filtering solid particulate material or sediments
that form within a process unit in order to reduce
fouling or plugging of downstream equipment. This
aspect of the present invention may include the steps
of providing one or more reticulated elements;
contacting a process stream containing the particulate
material or sediments with the reticulated elements;
removing the particulate material or sediments from
the process stream; and providing a relatively
particulate material or sediments-free process stream
for further processing. The reticulated elements can
be located at one or more locations within the process
unit or at the outlet of the process unit or a
combination of both. This method of removing sediments
can also be used in distillation columns to provide a
relatively sediment free process stream for further
processing. The method of the present invention for
filtering process streams in catalytic bed process
units, when compared with prior art methods, has the
advantages of reducing the volume of retention
materials required; lowering capital costs; improving
the filtration of the solid particular matter from the
feed streams; decreasing the pressure drop across the
system; increasing run time of the reactor; allowing
for the use of catalysts that have higher activity,
lowering operating costs; increasing process safety;
and reducing environmental concerns. [0037] In
accordance with another aspect of the invention, the
foregoing advantages have also been achieved through
the present apparatus and method for separating at 



least one process stream into one or more component
process streams having desired compositions using
CELLDIST materials in a component separation
unit.[0038] The method may include the steps of
providing CELLDIST materials in the component
separation unit, positioning the CELLDIST materials
within at least one zone of the component separation
unit (hereinafter referred to as the "unit"),
introducing two or more phases of the process stream
into the zone containing the CELLDIST materials,
contacting the two or more phases at or near the
surface of the CELLDIST materials to facilitate mass
transfer and recovering at least a portion of one or
more of the phases from the unit as one or more
component process streams, wherein the component
process streams have a desired composition. [0039] A
feature of the present invention is that the phases
have desired compositions upon exiting the zone of
CELLDIST material. One or more component process
streams can be recovered from one or more locations
between the top of the unit and the bottom of the
unit. In one embodiment, the surface of the CELLDIST
material can have a surface area of up to about 4000
square meters per cubic meter of CELLDIST material in
the unit. Preferably, the surface of the CELLDIST
material has a surface area in the range of about
250-4000 square meters per cubic meter of CELLDIST
material in the unit. [0040] In one aspect, the solid
component of the CELLDIST materials in the unit can be
selected from the group consisting of oxides,
carbides, nitrides, borides, a ceramic material, a
metallic material, a polymeric material and a chemical
vapor deposition material or combinations thereof.
CELLDIST material can also be formed from a corrosion
resistant material or predominantly from silicon
carbide. [0041] A feature of the present invention is
that the component separation unit can include both
CELLDIST materials and one or more conventional unit
internals. Theprocess streams entering the unit may be
vapor steams, liquid streams or a combination of both.
. One or more phases contained within the unit can be
passed through one or more zones of CELLDIST material
installed within the unit. [0042] In accordance with
another aspect of the present invention, a method of
altering the composition of at least one process
stream in a component separation unit 



can include positioning at least one bed of CELLDIST
material within a unit, creating two or more desired
phases from the at least one process stream, passing
the two or more phases through the at least one bed of
CELLDIST material, whereby the composition of the two
or more phases is changed as it passes through the
CELLDIST material, thereby producing at least one
component process stream with a desired composition,
and recovering the at least one component process
stream from the unit. A feature of the invention is
that one or more component process streams are
recovered from locations between the top of the unit
and the bottom of the unit. In one aspect, the bed or
beds of CELLDIST material are custom fit to the cross
sectional configuration of the unit. In another
aspect, the bed or beds of CELLDIST material is
comprised of a plurality of randomly packed elements.
[0043] In accordance with another aspect of the
present invention, a method of altering the
composition of at least one process stream via
distillation in a distillation unit can include
positioning at least one bed of CELLDIST material
within a distillation unit, creating desired phases
from the at least one process stream, passing the
phases through the at least one bed of CELLDIST
material, whereby the composition of the phases is
changed as it passes through the CELLDIST material,
thereby producing at least one component process
stream with a desired composition,and recovering the
at least one component process stream from the
distillation unit. A feature of the invention is that
one or more component process streams are recovered
from locations between the top of the distillation
unit and the bottom of the distillation unit. In one
aspect, the bed or beds of CELLDIST material are
custom fit to the cross sectional configuration of the
distillation unit. In another aspect, the bed or beds
of CELLDIST material is comprised of a plurality of
randomly packed CELLDIST elements. [0044] In
accordance with another aspect of the present
invention, a method of altering the composition of at
least one process stream via adsorption in a adsorber
can include positioning at least one bed of CELLDIST
material within an adsorber, creating two or more
desired phases from the at least one process stream,
passing the 



two or more phases through the at least one bed of
CELLDIST material, whereby the composition of the two
or more phases is changed as they pass through the
CELLDIST material, thereby producing at least one
component process stream with a desired composition,
and recovering the at least one component process
stream from the adsorber. A feature of the invention
is that one or more component process streams are
recovered from locations between the top of the
adsorber and the bottom of the adsorber. In one
aspect, the bed or beds of CELLDIST material are
custom fit to the cross sectional configuration of the
adsorber. In another aspect, the bed or beds of
CELLDIST material is comprised of a plurality of
randomly packed CELLDIST elements. [0045] In
accordance with another aspect of the present
invention, a method of altering the composition of at
least one process stream via extraction in an
extractorcan include positioning at least one bed of
CELLDIST material within a extractor, creating desired
phases from the at least one process stream, passing
the phases through the at least one bed of CELLDIST
material, whereby the composition of the phases is
changed as it passes through the CELLDIST material,
thereby producing at least one component process
stream with a desired composition, and recovering the
at least one component process stream from the
extractor. A feature of the invention is that one or
more component process streams are recovered from
locations between the top of the extractor and the
bottom of the extractor. In one aspect, the bed or
beds of CELLDIST material are custom fit to the cross
sectional configuration of the extractor. In another
aspect, the bed or beds of CELLDIST material is
comprised of a plurality of randomly packed CELLDIST
elements. [0046] Another aspect of the present
invention involves facilitating the separation of
process streams into component process steams via mass
transfer in a component separation unit. The unit
preferably has one or more beds of CELLDIST material.
Such one or more beds can be composed of a plurality
of randomly packed CELLDIST material or CELLDIST
material that is custom fit to the unit's cross
sectional configuration or a combination thereof. The
depths of the one or more beds 



is set so as to provide the required number of
theoretical stages to achieve the desired separation
of some or all of one or more of the species in the
process streams. [0047] In yet another aspect, the
present invention relates to a component separation
unit assembly with at least one CELLDIST material
disposed therein, wherein the amount of at least one
CELLDIST material in the unit preferably is sufficient
to provide the number of theoretical stages required
to separate one or more processstreams into component
process streams containing desired compositions of
certain of the species in the one or more process
streams. [0048] The methods and assemblies of the
present invention for separating one or more process
streams into component process streams having desired
compositions using CELLDIST materials in a component
separation unit, when compared with prior art methods,
have the advantages, among others, of reducing the
complexity and cost of designing, fabricating,
installing, operating and maintaining units and of
providing more efficient contacting of process streams
to achieve the desired separation. BRIEF DESCRIPTION
OF THE DRAWINGS [0049] In the drawings: [0050] FIG. 1
is a partial cross-sectional side view of a single
fixed catalytic bed process unit showing a specific
embodiment of the present invention; [0051] FIG. 2 is
a partial cross-sectional side view of a multiple
fixed bed chemical reactor showing another embodiment
of the present invention; [0052] FIG. 3 is a partial
cross-sectional side view of a con bustor-style
regenerator fluidized bed reactor showing an
embodiment of the present invention; [0053] FIG. 4 is
a partial cross-sectional side view of a two-stage
regenerator fluidized bed reactor showing an
embodiment of the present invention; [0054] FIG. 5 is
a partial cross-sectional side view of a radial flow
reactor showing another embodiment of the present
invention;[0055] FIG. 6 is a perspective view of a
perforated disk made of reticulated material in
accordance with the present invention; [0056] FIG. 7
is a perspective view of a saddle made of reticulated
material in 



accordance with the present invention; [0057] FIG. 8
is a perspective view of a hollow cylinder made of
reticulated material in accordance with the present
invention; [0058] FIG. 9 is a perspective view of an
example of a one-piece sheet made of reticulated
material in accordance with the present invention;
[0059] FIG. 10 is a perspective view of an assembled
disk made of reticulated material in accordance with
the present invention; [0060] FIG. 1 1 is a
perspective view of balls made of reticulated material
in accordance with the present invention; [0061] FIG.
12 is a perspective view of a solid cylinder made of
reticulated material in accordance with the present
invention; [0062] FIG. 13 is a perspective view of a
hollow cylinder made of reticulated material in
accordance with the present invention; [0063] FIG. 14
is a perspective view of a monolith made of
reticulated material in accordance with the present
invention; [0064] FIG. 15 is a partial cross-sectional
side view of a distillation column showing an
embodiment of the present invention;[0065] FIG. 16 is
a perspective view of a layer of reticulated elements
with a void space between each reticulated element
that is varied in accordance with the present
invention; [0066] FIG. 17 is a graph comparing the
pressure drop in distillate hydrotreaters with the
reticulated elements of the present invention
installed to the pressure drop in a distillate
hydrotreaters with prior art, retention materials
installed; [0067] FIG. 18 is a graph illustrative of
the effect of the present invention on the pressure
drop in naphtha hydrotreater units; [0068] FIG 19 is a
partial cross-sectional side view of a down-flow
process unit with multiple layers of reticulated
elements to provide the methods of the present
invention at the entrance of the process unit, at two
other locations within the process unit and at the
outlet of the process unit in accordance with an
embodiment of the present 



invention; [0069] FIG. 20 is a partial cross-sectional
view of a process unit with layers of reticulated
elements of differing porosities to enable filtering
of contaminants with a wide range of particle sizes in
accordance with an embodiment of the present
invention; [0070] FIG. 2 1 is a perspective view of a
top and a bottom of a piece of a reticulated element
on which had been dripped water tinted with food
coloring illustrating the perpendicular flow
distribution of the reticulated elements in accordance
with the present invention;[0071] FIG. 22 is a
perspective view of a process unit with the
reticulated elements of the present invention randomly
packed throughout an entire length of a catalyst bed
according to an embodiment of the present invention;
[0072] FIG. 23 is a partial cross-sectional side view
of a conventional component separation unit in
accordance with the prior art; [0073] FIG. 24 is a
partial cross-sectional side view of a component
separation unit containing CELLDIST material,
conventional trays and conventional distributors
according to the present invention; [0074] FIG. 25 is
a partial cross-sectional side view of a component
separation unit utilizing conventional packing
material and conventional distributors to achieve
separation of process streams into component process
streams in accordance with the prior art; [0075] FIG.
26 is a partial cross-sectional side view of a
component separation unit utilizing CELLDIST material,
conventional packing material and conventional
distributors to achieve separation of process streams
into component process streams in accordance with an
embodiment of the present invention; [0076] FIG. 27 is
a perspective view of an example of a one-piece sheet
made of CELLDIST material for use in a component
separation unit in accordance with the present
invention; and[0077] FIG. 28 is a perspective view of
an assembled disk made of CELLDIST material for use in
a component separation unit in accordance with the
present 



invention. [0078] While the invention will be
described in connection with the preferred embodiment,
it will be understood that it is not intended to limit
the invention 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 invention as defined by the
appended claims. DETAILED DESCRIPTION AND SPECIFIC
EMBODIMENTS [0079] With reference to FIG. 1, for
treatment of a process stream a single fixed catalytic
bed process unit 22 with reticulated elements 15 in
the shape of substantially spherical balls 122 (FIG.
11) will be described, although as previously
discussed other shapes of the reticulated elements 15
may be used, as well as other process units . If the
process unit 22 is of a down flow configuration, the
contaminated process stream 20 will enter the process
unit 22 at the inlet 24. The invention may be used in
either fixed or fluidized catalytic bed process units.
Preferably, the present invention is used in one or
more fixed beds, in either an up flow or down flow or
radial flow configuration. Preferably, the catalytic
bed process units include hydrotreater, hydrorefiner,
hydrocracker, reformer, alkylation, dealkylation,
isomerization, esterification, and polymerization
reactors. Contaminants typically found in the feed
stream include dirt, iron oxide, iron sulfide,
asphaltenes, coke fines, soot, catalyst fines,
sediments or other entrained foreign particulate
matter, salts in distillation columns, particulates in
gas streams, sulfur or sulfides from tail gas units,
or polymerprecursors such as diolefins. A layer 26,
preferably layers 26, 28, of reticulated elements 15
is provided in the vessel in an amount sufficient to
filter the contaminants from the process stream 20 for
as long as desired including, but not limited to, as
long as the catalyst within the reactor is
sufficiently active to justify operation of the
reactor. Preferably, multiple layers 26, 28 can be
provided wherein the size of the reticulated elements
15 such as balls 122 is graduated from one size in
layer 26 to another size in layer 28 as the incoming
process stream flows through the bed of reticulated
elements 15. Reticulated elements can include foam
materials and 



monolith materials. Foam materials generally have a
random pattern, while the monoliths have a more
uniform pattern. If a reticulated ceramic element is
used, the reticulated ceramic elements can be made
from any commercially available materials, for
example, zirconia toughened alumina, commonly referred
to as ZTA. ZTA is available from Fiber Ceramics, Inc.
headquartered in Cudahy, Wisconsin. An exemplary
monolith for use in the present invention is available
from Corning, Inc. headquartered in Corning, New York.
The graduated sizing of the reticulated elements 15
allows the filtering of a broad range of sizes of
contaminants. [0080] The present invention
advantageously provides a method of removing
contaminants from a contaminated process stream. The
method preferably is performed by providing
reticulated elements preferably randomly packed with a
void space between each reticulated element to enhance
filtration of contaminants in such a way that the
decontaminated process stream may pass through the
reticulated material unimpeded. The present invention
provides a method whereby the entirety of the
reticulated elements can be utilized to filter
contaminants from the process stream. In catalytic bed
process units, the reticulated elements can be sized
such that the catalystbed has exhausted its catalytic
activity before the reticulated elements have
exhausted their ability to filter out contaminant
particles. This method enables use of the entire bed
of reticulated elements, as opposed to current methods
that eventually clog the top six to twelve inches of
the retention materials conventionally available. With
such materials, beds deeper than about one foot are
essentially of no use in removing particulate
contaminants from process streams. Further, with such
materials, once the top of the bed is plugged, the
pressure drop in the equipment begins to escalate,
requiring a shutdown to remove and replace the clogged
materials from the process unit. [0081] Data has been
collected from different process units that have
experimented with the reticulated elements of the
present invention. The reticulated elements of the
current invention have performed dramatically better
than conventional retention materials available
commercially. 



Example 1- Use in a Distillate Hydrotreater [0082]
Data were obtained from a refinery for four distillate
hydrotreaters in virtually identical process
conditions. Two of the hydrotreaters, A and B,
contained conventional reticulated materials, known as
"ring grading systems." The remaining two
hydrotreaters, C and D, used the reticulated elements
of the present invention. FIG. 17 shows a comparison
of the pressure drop of the four hydrotreaters using
conventional ring grading systems and the reticulated
elements of the present invention. As can be seen in
the graph, the pressure drop remained low relative to
start-of-run pressure drop over a period in excess of
450 days in the C and D hydrotreaters containing the
reticulated elements, while the A and B
hydrotreatersusing the conventional ring grading
system showed a dramatic pressure increase after only
200 days in service. The results of the pressure drop
comparison can be seen in Table 1. The contaminated
process streams in the distillate hydrotreaters were
predominantly in a liquid phase. In the C
hydrotreater, the differential pressure was 5 only 8
psi at 450 days. In the D hydrotreater, the
differential pressure was only 0.5 psi at 450 days.
The differential pressure for the A and B
hydrotreaters was 82.5 psi and 54 psi respectively. In
comparison, the C and D hydrotreaters with the
reticulated elements of the present invention
performed significantly better than the conventional
ring grading systems. The lower differential pressure
associated with the reticulated 10 elements of the
present invention allows the time between turnarounds
to be extended dramatically. [0083] A typical pressure
drop scenario is to have a low pressure drop for the
first months of operation, but then, at a time that is
not predictable, the pressure increases significantly
over a relatively short period to a point where the
unit must be shutdown 15 to remove the pluggage,
replace the removed material and restart the unit.
This can be problematic given the unpredictability of
the event, the need to acquire replacement materials
with very short lead-time or to maintain sufficient
extrainventory of replacement materials or to extend
the down-time to await delivery of replacement
materials. With use of the reticulated elements in
accordance with the methods described herein, the
pressure drop remains low for a predictable period of 



time based on the level of contaminants in the process
stream and the capacity of the reticulated elements
loaded in the process unit. Sufficient reticulated
elements may be loaded such that the catalyst in the
unit is exhausted before the reticulated elements are
saturated. Example 2 - Use in a Naphtha Hydrotreater
[0084] Data was obtained from a refinery with four
naphtha hydrotreaters. Three of the hydrotreaters (A,
B, and C) used conventional ring grading systems,
while the remaining hydrotreater (D) used the
reticulated elements of the present invention. FIG. 18
illustrates that comparative pressure drop between the
four hydrotreaters. At the end of 200 days, the unit
with the reticulated elements D experienced minimal
pressure drop, i.e. - 4 psi for hydrotreater D,
compared to the pressure drop experienced by the three
units containing ring grading systems, i.e. 10 psi for
hydrotreater B and 22 psi for hydrotreater C. The
contaminated process streams in the naphtha
hydrotreaters were predominantly in a vapor phase. The
reticulated elements of the present invention filtered
efficiently and effectively while the conventional
ring grading systems became clogged. [0085] Referring
again to FIG. 1, unless otherwise noted, in addition
to filtering the contaminated process stream 20, the
reticulated material 15 may also enable a uniform
distribution and flow of the incoming process stream
20 to the catalyst bed 32.[0086] By passing the
process stream through a plurality of flow passageways
120 (FIG. 9) defined by web members 123 (FIG. 9) of
the reticulated material 15 in layers 26, 28, the
incoming process stream 20 may also be distributed by
subdividing the incoming process stream into a
plurality of smaller fluid streams and then
resubdividing, a plurality of times, the smaller
streams so that the incoming process stream is spread
uniformly across the fluid entry cross-section 34,
taken along line 34 - 34, of the catalyst bed 32. The
process stream 20 is reacted in the catalyst bed 32.
Preferably the catalyst bed 32 contains discrete solid
catalyst particles 36. [0087] For catalytic bed
process units, methods of the present invention filter



particulate contaminants before they reach the
catalytic bed. This allows for increased efficiency of
the catalyst bed since more of the surface area of the
catalyst is available for use as a catalyst when
compared to systems with conventional retention
materials, such as the ring grading systems used in
Examples 1 and 2. As a result, smaller sized, more
catalytically active catalyst elements can be used due
to the lower average pressure drop of the unit
resulting in a gain in catalyst activity of about 10%
- 15%. [0088] The reticulated material 15 may be used
to filter and retain particulates 36 from the outgoing
process stream 38. Small particulate material 36 that
may be entrained in the outlet process stream may be
filtered, or captured, from the process stream 38 and
retained by reticulated material layers 40, 42.
Preferably, the size of the reticulated material in
layers 40, 42 is graduated from a size in layer 40 to
another size in layer 42 at the outlet 44 of the
reactor 22. In addition, sediments of material may
form in the process unit, e.g., sediments formed by
excessive hydrocracking ofresidual oils that may plug
or foul downstream equipment. These sediments may be
filtered from the outgoing process stream 38 by the
reticulated material 15. Preferably, the size of the
reticulated material in layers 40, 42 is graduated
from a size in layer 40 to another size in layer 42 at
the outlet 44 of the reactor 22. Alternately, the
invention may also be used in an up flow configuration
wherein the contaminated process stream 46 would
instead enter the unit at 44 at the lower end 39 and
the outlet process stream 25 would exit the process
unit at 24 at the upper end 47 of reactor 22. [0089]
As previously discussed, another advantage of the
present invention is to react activated or partially
activated reticulated material 15 with polymer
precursors in a contaminated process stream 20.
Condensation polymerization of diolefins may occur in
the process unit 32 after the contaminated process
stream 20 is heated, generally prior to introduction
into the process unit 22, thereby forming foulants in
the process unit 32 itself that may gum or plug the
process unit 32. As the foulants form in the process
unit, they cannot be filtered from the contaminated
process stream 20 before flowing across the fluid
entry cross-section 34. Therefore, the layer or layers



26, 28, 40, 42 of reticulated material 15 may be
coated with an alumina powder that may also act as a
substrate for catalyst materials to form partially
activated reticulated material. As used herein, an
"activated support" means (1) a reticulated material
that has been impregnated with catalyst materials or
(2) a reticulated material that may be an oxide,
nitride, or carbide of a metal or (3) a reticulated
material that contains zeolite or inorganic oxides,
e.g., alumina, silica, silica-alumina, magnesia,
silicamagnesia or titania. As used herein, a
"partially activated support" means an activated
support material that has been purposefully made less
active or partially deactivated in order to achieve a
slower reaction rate or to partially react the
materials contacted.[0090] With regard to contaminated
process streams, coated reticulated material 15 may
also be used, wherein the coating may comprise one of
several conventional catalysts. Alumina may be used as
an active coating, optionally but preferably, alumina
may be used as a support to strengthen the catalyst.
The catalyst according to this invention preferably
comprises a metal of Group VI-B or a member of Group
VIII, or both, impregnated into an alumina based
support. Accordingly, the catalyst may comprise at
least one of chromium, molybdenum and tungsten in
combination with at least one of iron, nickel, cobalt,
platinum, palladium and indium. The use of palladium
is particularly useful in the removal of acetylene and
diolefms from ethylene, the removal of oxygen, and the
removal of hydrogen. Of the Group VI-B metals,
molybdenum is most preferred. The catalyst preferably
will contain from about 2% to about 14% by weight of
Group VI-B metal. Of the Group VIII metals, nickel and
cobalt are most preferred. The amount of Group VIII
metal in the catalyst is preferably from about 0.5% to
about 10% by weight. [0091] With reference to FIG. 2,
a multiple fixed catalyst bed process unit 46 having
two fixed catalyst beds 48, 50 with reticulated
material 15 in the shape of saddles 126 (FIG. 7) will
be described. The reactor 46 is illustrated in a down
flow configuration, wherein the contaminated process
stream 5 1 will enter the unit 46 at the inlet 52 and
the outlet process stream 54 will exit the unit at the
outlets 56, 60. A partially reacted process stream 58
may be accumulated at the outlet 6 1 of the first
fixed bed 48 and 



withdrawn at the collector tray 60. The partially
reacted process stream 58 may be heated or quenched or
otherwise treated before reintroduction into the
reactor 46 as a partially reacted process stream 62 at
the mixing chamber 64. The partially reacted process
stream 58 may be removed for redistribution, heating,
or other processingsteps as required before
reintroducing the partially reacted process stream 62
into the reactor 46 for reaction with a succeeding
catalyst bed 50. An additional layer 70 of reticulated
material 15 may be provided for filtration and
distribution to remove any contaminants entrained from
or formed by the processing equipment used in the
additional processing steps such as dirt, iron oxide,
iron sulfide, asphaltenes, coke fines, soot, catalyst
fines, sediments or other entrained foreign
particulate matter, salts in distillation columns,
particulates in gas streams, sulfur or sulfides from
tail gas units, or polymer precursors such as
diolefins. [0092] Layers 66, 68, 70 of reticulated
material 15 are provided in the reactor 46 below the
inlet 52 and mixing chamber 64 in an amount sufficient
to filter the process stream 5 1 and the partially
reacted process stream 62. Preferably, the multiple
layers 66, 68, 70 are provided such that the porosity
of the reticulated material 15 is graduated from a
porosity in layer 66 to another porosity in layer 68
to another porosity in layer 70 as the incoming
contaminated process stream flows through the
reticulated material 15. Optionally, the present
invention may be practiced with or without
conventional basket screens 72. Preferably, the fixed
catalyst beds 48, 50 contain discrete solid catalyst
particles 74. [0093] Another feature of the present
invention advantageously provides providing a
plurality of reticulated elements 15 over an entire
length of a process unit. The plurality of reticulated
elements 15 can be commingled throughout the process
unit with a catalyst 19, as shown in FIG. 22. [0094]
As previously discussed, an advantage of the present
invention is that it may also be used to distribute
the process stream. The process stream 5 1 may also
bedistributed while being filtered by subdividing the
incoming process stream into a plurality of smaller
fluid streams by passing the process stream through a
plurality of flow passageways 120 (FIG. 9) defined by
the web members 123 (FIG. 9) of the 



reticulated material 15; then resubdividing, a
plurality of times, the smaller streams so that the
incoming process stream is spread uniformly across the
fluid entry crosssection of the catalyst bed 76. The
feed 5 1 is then reacted in the catalyst bed 48,
before being withdrawn as a partially reacted process
stream 58 at the collector plate 60. The method of
filtration and distribution is then repeated for the
partially reacted process stream 62 as it flows into
the mixing chamber 64 and passes through the
reticulated material layer 70. [0095] Another feature
of the present invention is that the reticulated
material 15 may also be used to capture and retain
catalyst particles 74 from the outflowing partially
reacted process stream 58 and the reacted process
stream 54. The reticulated material 126 in layers 78,
80 at the outlet 6 1 of the first fixed bed 48 and the
reticulated material 126 in layers 82, 84 at the
outlet 56 of the second fixed bed 50 are used to
filter and retain catalyst particles 74 that may be
entrained in the partially reacted process stream 58
or reacted process stream 54. As discussed with
reference to FIG. 1, for capturing and retaining
catalyst 74 from a partially reacted or a reacted
outflowing process stream in either a single or a
multiple fixed bed chemical reactor, the reticulated
material 15 is preferably graduated from a porosity to
another porosity as shown in FIG. 2 for layers 78, 80
and 82, 84, respectively for each bed 48, 50.
Optionally, the porosity of the reticulated material
may also be graduated from small pores to large pores.
Alternatively, the porosity of the reticulated
material may beinversely graduated from large pores to
small pores to filter sediments that may form in the
catalyst bed. [0096] A further advantage of the
present invention is that the reticulated material 15
may be activated or impregnated with catalytically
active material to react with polymer precursors in
process streams 51, 62. As depicted in FIG. 2, layers
66, 68, 70 of reticulated material 15 may contain an
activated support including inorganic oxides
preferably selected from the group consisting of
alumina, silica, silica-alumina, magnesia,
silica-magnesia or titania or zeolites preferably
selected from the group consisting of zeolite L,
zeolite X, and zeolite Y, which may be added to the
reticulated 



material as a substrate for catalyst materials.
Optionally, the reticulated material may be
impregnated with catalyst materials or the reticulated
material may be an oxide, nitride, carbide or boride
of a metal as disclosed in U.S. Patent No. 5,399,535,
which is hereby incorporated by reference to the
extent it is not inconsistent with the present
invention. [0097] Activated or partially activated
reticulated material as described above may be used to
control the hydrogenation rate of the diolefms or
other polymer precursors to prevent fouling or gum
formation. When endothermic reactions require the
addition of heat to the partially reacted process
stream 58, preferably the reticulated material 15 of
layer 70 is also activated or partially activated. The
invention may also be practiced with coated
reticulated material, wherein the coating may comprise
one of several conventional catalysts. Alumina may be
used on an active coating or support. The catalyst
according to this invention preferably comprises a
metal of Group VI-B or a member of Group VIII, or
both, impregnated into the reticulated
material,inorganic oxide or zeolite. Accordingly, the
catalyst may comprise at least one of chromium,
molybdenum and tungsten in combination with at least
one of iron, nickel, cobalt, platinum, palladium and
iridium. Of the Group VI-B metals, molybdenum is most
preferred. The catalyst preferably will contain from
about 2% to about 14% by weight of Group VI-B metal.
Of the Group VIII metals, nickel and cobalt are most
preferred. The amount of Group VIII metal in the
catalyst is preferably from about 0.5% to about 10% by
weight. [0098] FIG. 3 illustrates a conventional
combustor-style fluidized bed reactor 88, 90. Layers
86, 92 of reticulated material 15 may be used in
fluidized bed chemical reactors 90 and in a combustor,
or regenerator 88, to reduce entrance losses and
maldistribution of the vapor or air flows. The inlet
air 93 to the combustor or regenerator 88 is flowed
through the reticulated material layer 86 to subdivide
the stream into a plurality of smaller flowing
streams. The reticulated material 15 may be a single
circular disk 124 (FIG. 6) without the illustrated
perforation 125; however it may be an oval or square
sheet 121 (FIG. 9), or any geometric configuration
desired 



including an assembled disk 134 (FIG. 10). Optionally,
multiple disks 86, 92 (FIG. 3) may be used. Also, the
disk 124 (FIG. 7) or sheet 121 (FIG. 9) may optionally
contain perforations. The subdivision of the vapor or
air flows may reduce the turbulence of the incoming
vapor or air streams, thus reducing the compressor
horsepower usage or allowing for an increase in flow
rate, depending on the process constraints of the
particular combustor-style fluidized bed reactor (FIG.
3). A further advantage of the present invention is
that the subdivided vapor or air flows may more
uniformly distribute the vapor or air 94 throughout
the combustor or regenerator 88.In addition, another
layer 92 of reticulated material 15 may be used to
uniformly distribute any fluffing vapors 96 used in
the fluidized bed reactor 90. [0099] Alternatively, in
FIG. 4, which depicts a conventional two-stage
regenerator fluidized bed reactor 104, layers 98, 112
of the reticulated material 15 may be used similarly
as discussed in FIG. 3 for a single-stage combustor or
regenerator. The turbulent inlet air 102 to the
combustor or regenerator first stage 108 is flowed
through the layer 98 of reticulated material 15 to
subdivide the stream, preferably into a plurality of
smaller flowing streams. Preferably, the reticulated
material 15 is a single circular disk 124 (FIG. 6)
without the perforations 125; however it may be an
oval or square sheet 121 (FIG. 9), or any geometric
configuration desired including an assembled disk 134
(FIG. 10). Optionally, multiple disks 98,112 (FIG. 4)
may be used. Also, the disk 124 (FIG. 7) or sheet 121
(FIG. 9) may optionally contain perforations.
Similarly, for the second-stage 110, the turbulent
inlet air 106 may be flowed through the layer 100 of
reticulated material 15 to subdivide the stream into a
plurality of smaller flowing streams. The subdivision
of the vapor or air flows may reduce the turbulence of
the incoming vapor or air streams, thus reducing the
compressor horsepower usage or allowing for an
increase in flow rate, depending on the process
constraints of the two-stage regenerator fluidized bed
reactor 104, 116. A further advantage of the present
invention is that the subdivided vapor or air flows
may more uniformly distribute the vapor or air
throughout the combustor or regenerator chambers 108,
110. In addition, another layer of reticulated
elements 112 



may be used to uniformly distribute any fluffing
vapors 114 used in the fluidized bed reactor
116.[00100] With reference to FIG. 5, for treatment of
a contaminated process stream in vapor form, a radial
flow fixed bed chemical reactor 94 with reticulated
material 15 in the shape of substantially spherical
balls 122 (FIG. 11) is illustrated, although, as
previously discussed, other shapes may be used. The
contaminated process stream in vapor form 92 will
enter the radial flow reactor 94 at the inlet 96 A
layer 98 of reticulated material 15, more preferably
layers 98, 100 of reticulated material 15, is provided
in the vessel between the deflection baffle 122 and
the scallop 104. The layers of 98, 100 reticulated
material 15 aid in filtering contaminants such as
dirt, iron oxide, iron sulfide, asphaltenes, coke
fines, soot, catalyst fines, sediments or other
entrained foreign particulate matter, or polymer
precursors such as diolefms entrained in the
contaminated vapor feed 92 before reaction in the
fixed catalyst bed 108 and discharge through the
center pipe 110 as the reacted process stream 112.
Also as previously discussed, an advantage of the
present invention is that the reticulated material 15
may be used to capture and retain catalyst from outlet
streams, shown here in the unloading tubes 106.
[00101] The reticulated elements can be used to filter
contaminants, such as sediments, in other types of
process equipment. FIG. 15 illustrates another
embodiment of the present invention. In this
embodiment, reticulated elements 95 are used for
removing sediments, such as salts, in a distillation
column 90. The method of filtering sediments formed in
process equipment preferably includes providing a
layer of reticulated elements packed with a void space
between each reticulated element. The void space is
varied to enhance filtration of smaller contaminants
on a surface of the reticulated elements while
allowing larger contaminants to pass through to
prevent pluggage of the layer of reticulated elements.
The method further providesfor contacting a process
stream containing the sediments with the reticulated
elements thereby removing the sediments from the
process stream by removing the smaller contaminants on
the surface of the reticulated elements and allowing
the larger contaminants to proceed through the void
spaces between each reticulated element. 



This method produces a relatively sediment-free
process stream for further processing. [00102] FIG. 6
illustrates a specific embodiment of the present
invention as a reticulated elements disk 124.
Optionally, the disks may have perforations 125.
Preferably, multiple perforations are used to
accommodate screen baskets that may optionally be
filled with reticulated elements. Other shapes may
include saddles 126 (FIG. 7), hollow cylinders 128
(FIG. 8), single sheets 121 of reticulated material 15
(FIG. 9), disks 134 formed from a plurality of
segments 134 a-f (FIG. 10), substantially spherical
balls 122 (FIG. 11), solid cylinders 132 (FIG. 12),
raschig rings 130 (FIG. 13), squares (FIG. 14), and
monoliths (FIG. 14). Each shape may be sized to
individual specifications. Sizes for the shapes used
may include substantially spherical balls of about %to
2 inch diameters; raschig rings with inside diameters
of about 1A to 1 inch and outside diameters of about
1A to 1 1/2 inches and heights of about 1A to 2
inches; saddle shapes with radii of about 1A to 2
inches; hollow cylinders having inside diameters of
about 1A to I1A inches, outside diameters of about 1A
to 2 inches, and heights of about 1A to 3 inches; and
solid cylinders having diameters of about 1A to 1 inch
and heights of about 1A to 2 inches. Custom-made
one-piece disks 124 or single sheet 121 construction
may be custom-fit to the physical configuration of a
reactor. A further feature of this aspect of the
present invention is that the reticulated material 15
may be formed in either a disk 124 or single sheet 121
havingperforations 125. An additional feature of the
present invention is that the reticulated elements
when constructed may be formed into a plurality of
segments in order to form an assembled sheet or disk
that is custom-fit to the reactor's physical
configuration. Porosities of the reticulated elements
may range from 4 to 800 ppi. Preferably, for
filtration the porosity may range from about 4 to 80
ppi. More preferably, for filtration the porosity may
range from about 10 to 65 ppi. This enables
customization of the size and shape of the reticulated
material 15 for the application, size, particulate
loading and pressure drop constraints. The reticulate
element material surrounding the pores, or openings,
of the reticulated elements form the web 



members 123 (FIG. 9), which in turn define the flow
passageways 120 (FIG. 9). [00103] The present
invention also advantageously provides a method of
perpendicular flow distribution in process units. This
perpendicular flow distribution method includes
providing one or more reticulated elements in the
process unit. When only one reticulated element is
used, it is typically large enough to effectively span
the process unit. When multiple reticulated elements
are used, they are typically arranged in a randomly
packed bed. Regardless of the configuration of the
reticulated elements, each reticulated element has a
plurality of web members that define a plurality of
flow passageways through the reticulated element. A
process stream contacted with the plurality of
reticulated elements is therefore subdivided into a
plurality of smaller fluid streams by passing the
process stream through the plurality of flow
passageways defined by the web members of each
reticulated element. The flows of the process stream
through the flow passageways within the reticulated
elements and through the void spaces between the
reticulated elements when multiple reticulated
elements are used provides for effective flow
distribution perpendicular tothe flow of the process
stream through the process unit. This method can be
applied to process streams that are entering the
process unit, at any location within the process unit,
at the exit from the process unit or any combination
of these locations, as illustrated in FIG. 19. This
method can be applied to process streams while
concurrently providing for filtration of contaminants
from the process stream. This method can be applied to
process streams while concurrently performing
catalytic reactions to partially or totally remove or
convert desired chemical species in the process
stream. [00104] FIG. 2 1 illustrates the amount of
perpendicular flow that the reticulated elements of
the present invention are capable of producing. An
experiment was performed using a dropper with a
dropper diameter of approximately 1/16". The
reticulated element distributed the liquid
perpendicularly to a diameter of about seven times the
diameter of the dropper. The flow was not distributed
down the reticulated element as much. The significant
distribution was made in the horizontal plane and 



not a vertical plane. When used in process units, the
reticulated elements significantly perpendicularly
disperses the fluid to prevent channeling and other
problems discussed herein. [00105] An additional
feature of the present invention can include the step
of using reticulated elements in a variety of
porosities and pore sizes, as shown in FIG. 20. The
reticulated elements can be manufactured such that
they have a porosity of so many pores per inch
("ppi")- For example, this means that a reticulated
element of 30 ppi will, when examined by one skilled
in the art, have on average 30 pores per inch. The
pore sizes of such a material would be about one
millimeter. Pore size in thiscontext is the general
size of the cavity of the pore recognizing that pores
are not perfect spheres. Another important element of
pore size is the size of the window opening into the
pore. It is this measure that determines the size of
the largest particle that can be trapped or filtered
within the pore. The porosity range of the reticulated
elements of the present invention is from about 4 to
800 ppi. This enables customization of the size and
shape of the reticulated elements for the application
constraints including particulate loading and pressure
drop constraints. The pores of the reticulated
elements can be in a range of about 6 millimeters to
about 100 microns, each being defined by a plurality
of web members forming a plurality of flow passageways
through the reticulated elements. [00106] As an
advantage of the present invention, the filtering
method provides for more efficient filtration within
the process unit. Since the contaminants do not cake
up on the first inches of the reticulated elements, as
with conventional retention materials, all of the
filter bed can be effectively used. Pressure drop
through the reticulated elements can remain low as
long as sufficient reticulated elements are utilized
such that the process unit reaches an end-of-run
condition other than pressure drop increase. The lower
pressure drop increases the safety of operating the
unit since downstream equipment is not deprived of
flow and the upstream equipment does not pressure up.
The run times between catalyst changes are
significantly increased since the process equipment
can operate much longer than with previous filtration
methods 



before the process equipment end-of-run conditions.
[00107] Another advantage of the present invention is
that smaller sized catalysts can be used in catalyst
bed process units since the catalyst bed is subjected
toa much lower cycle-average pressure drop. The result
of using the smaller, more catalytically reactive
catalyst is a gain in activity of about 10% to about
15%. The entire surface area of the catalyst can be
used for its intended purpose, which is to modify and
increase the rate of a reaction, due to a much lower
average pressure drop per cycle for the process unit.
[00108] Another advantage of the present invention is,
as depicted in FIG 21, the use of one or more layers
of reticulated elements at various locations within a
process unit to facilitate perpendicular flow
redistribution to mitigate channeling and other
symptoms of flow maldistribution. Such one or more
layers of reticulated elements within a process unit
also facilitate filtration of particulate contaminants
within the process unit. [00109] With reference to
FIG. 23, shown is a prior art distillation column with
conventional trays 12 and two conventional
distributors 11, one located near the top and one near
the bottom of the unit. Process streams entering the
unit include the inlet process stream 151, a portion
of the overhead liquid stream 152 exiting the
condenser and the vapor stream 153 exiting the bottoms
reboiler. Component process streams are recovered as a
portion of the liquid stream 154 exiting the condenser
and a portion of the liquid stream 155 exiting the
bottom of the unit. [00110] Referring to FIG. 24, a
method and assembly for utilizing CELLDIST material 15
within a component separation unit to separate process
streams will be described. In this embodiment,
CELLDIST material 15 is disposed within the unit to
replace some of the conventional trays 12 in the unit.
For example, large, bulky trays can be replaced with
smaller, less complex trays, and the additional space
that iscreated within the unit can be completely or
partially filed with CELLDIST material 15 to achieve
improved separation. [00111] FIG. 25 shows a component
separation unit according to the prior art containing
conventional packing material 10. FIG. 26 shows an
embodiment of the 



present invention using CELLDIST material 15,
conventional distributors 11 and conventional packing
10 within a component separation unit. [00112] The
CELLDIST material 15 may be composed of any material
that is capable of being fabricated into the required
structure, and able to withstand the temperature,
pressure, corrosivity and other requirements of
component separation unit operation. Inert CELLDIST
material 15 can be used when no reactivity with the
components in the process stream is desired. In
another embodiment, the CELLDIST material 15 is
composed of a non-metallic material in order to allow
for treatment of corrosive systems such as
hydrochloric or sulfuric acid, to decrease design
cost, installation time and to reduce heat loss in the
unit. [00113] The CELLDIST material 15 can take a
variety of shapes with openly connected pores forming
pathways or passageways 120 as illustrated in FIG. 27.
The pathways in the CELLDIST material 15 allow the
countercurrent flow of phases through the material.
Such pathways facilitate mass transfer between the
phases passing through the CELLDIST materials 15. The
CELLDIST material 15 can be manufactured to exhibit a
wide range of porosity. This enables customization of
the porosity of the CELLDIST material 15 for the
specific application. Also, this ensures that the
CELLDIST material 15 has sufficient mass and porosity
to provide the number of theoretical stages needed to
achieve the desired separation of componentsin the
unit. The CELLDIST material 15 has web members 123
surrounding the pores, or openings, which in turn
define the boundaries of the flow passageways 120
(FIGS. 27 and 28). [00114] Porosity of CELLDIST
materials is measured in units of pores per inch
("ppi"). The porosity of porous materials is graduated
as known to those skilled in the art. Microporous
materials have the smallest pore sizes, generally from
about five Angstroms to about five nanometers.
Mesoporous materials generally have pore sizes of
about five nanometers to about fifty nanometers.
Macroporous materials have pore sizes in excess of
about fifty nanometers. CELLDIST material comprised of
macroporous pores or cells can have a random pattern
as illustrated in FIG. 28. The 



porosity range of the CELLDIST material 15 of the
present invention is from about 4 to about 800 ppi. In
a preferred embodiment for use in a component
separation unit, the CELLDIST material 15 of the
present invention will have a porosity of about 4 to
about 30 ppi. The surface area of the interconnected
pores in the CELLDIST material 15 facilitates phase
mixing and mass transfer within the unit. In one
embodiment, the CELLDIST material 15 of the present
invention advantageously provides an increased surface
area when compared to packing materials and other unit
internals used in the prior art. The surface area of
the CELLDIST material of the present invention of up
to 4000 square meters per cubic meter of CELLDIST
material is in comparision to the approximately 60-750
square meters of surface area per cubic meter
typically provided in prior art unit packing
internals. This increased surface area advantageously
provides a more expansive location upon which
contacting of the phases can occur. The corresponding
increased level of contact between the phases results
in improved separation capacity in the unit. The
increased level of contactbetween the phases also
results in improved mass transfer efficiency and a
lower HETP than prior art units. [00115] In an
embodiment of the present invention, phases are passed
through one or more zones of CELLDIST material 15
positioned within the unit, as illustrated in FIG. 24
and 26. The process streams entering the unit can be
liquid streams, vapor streams, or a combination of
both, and may include one or more of, for example, a
feed stream, a reflux stream, a recycle stream, a
reboiled stream, a pumparound stream, a pump-back
reflux stream and a sidestream recycle stream. A
process stream can also function as a mass-separating
agent, as is the case in liquid-liquid extraction.
Distillation using CELLDIST material 15 according to
embodiments of the present invention can be
accomplished at high gas or vapor loadings within a
conventional unit. [00116] In one embodiment, the
CELLDIST material 15 is in the form of a single
structured element, as illustrated in FIG. 27. The
structured element can be shaped or sized to fit
within the inner cross-section of the component
separation unit. 



The element can be, for example, a disk, an oval, a
rectangle or any geometric shape that is required in
order for the material to fit within the cross section
of the unit. Alternatively, if the unit has a
relatively large cross-section, one or more smaller
sections of CELLDIST material 10 can be fitted
together, as illustrated in FIG. 28, to span the
cross-section of the unit. The CELLDIST material 15
can form a single layer within the unit. Also,
multiple layers of CELLDIST material 15 may be
utilized within the unit. The CELLDIST material 15 can
be laid in an offset pattern to decrease the
likelihood of leakage or channeling within the zone of
CELLDISTmaterial in the unit. One or more CELLDIST
materials 15 can also be positioned over an entire
length of a unit. Also, multiple CELLDIST materials 15
can be commingled throughout the unit with one or more
conventional unit internals, for example trays as
shown in FIG. 24, packing material as shown in FIG 26
or distributors, as shown in FIG. 24 and 26. [00117]
There may be voidage, or open space, within the pores
of, or surrounding the exterior of, the CELLDIST
material 15 in the unit. Typically, a high voidage
space or void fraction corresponds to a high porosity
and a low pressure drop within the unit, which is
desirable for separation purposes. The internal void
fraction of the CELLDIST material 15 of the present
invention is preferably as high as 70 percent. By
comparison, the voidages found in most currently
available metallic structured packings are about 98-99
percent, and are about 65 percent for nonmetallic
structured packing. While certain of these prior art
materials may have higher void fractions than that of
the present invention, the increase in mass transfer
efficiency associated with the increased surface area
of the CELLDIST material 15 of the present invention
can allow the unit to be operated at a lower flooding
number. This will preferably result in the same, or
better, productivity for a unit operated with CELLDIST
material 15 according to the present invention than a
unit utilizing the prior art materials with higher
voidage percentages. [00118] The CELLDIST material 15
also exhibits good wettability characteristics when
compared to prior art packing materials. Wettability
relates to 



the level of contacting and distribution of phases on
the surface of the packingmaterial and is affected by
the structure of the material. A high wettability
value is critical for avoiding maldistribution of
phases within the unit. [00119] In general, a packing
material that achieves a high theoretical number of
stages at a given flooding factor with a low pressure
drop is an efficient and preferred packing material.
The goal is to minimize the amount of packing material
used and yet produce the number of theoretical stages
that will result in the desired separation. The
CELLDIST material 15 of the present invention
advantageously exhibits high separation efficiency and
low pressure drop characteristics when compared to
prior art materials used in component separation
units, which is a result of the increased surface area
and preferred voidage and wettability characteristics
of the CELLDIST material 15. [00120] It is to be
understood that the invention 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. For example, special liquid
distributors or conventional liquid distributors could
be used with the reticulated elements to facilitate
the spreading of the liquid across process equipment.
Conversely, the reticulated elements could be used
only for particulate removal. Accordingly, the
invention is therefore to be limited only by the scope
of the appended claims.CLAIMS WHAT IS CLAIMED: 1. A
method of separating at least one process stream into
one or more component process streams having desired
compositions in a component separation unit, the
method comprising the steps of: (a) providing a three
dimensional cellular solid material having a solid
component and one or more cells in the unit; (b)
positioning the cellular solid material within at
least one zone of the unit; (c) introducing two or
more phases of the at least one process 



stream into the zone containing the cellular solid
material; (d) contacting the two or more phases at a
surface of the cellular solid material to facilitate
mass transfer; and (e) recovering at least a portion
of one or more of the phases from the unit as at least
one component process stream, wherein the at least one
component process stream has a desired composition. 2.
The method of claim 1, wherein the cellular solid
material has a periodic unit cell. 3. The method of
claim 1, wherein the cellular solid material has a
plurality of cell sizes and shapes. 4. The method of
claim 1, wherein the phases have desired compositions
upon exiting the zone of cellular solid material. 5.
The method of claim 1, wherein one or more component
process streams are recovered from one or more
locations on the unit.6. The method of claim 1,
wherein the surface of the cellular solid material has
a surface area in the range of about 250 to about 4000
square meters per cubic meter of cellular solid
material in the unit. 7. The method of claim 1,
wherein the cellular solid material is selected from
the group consisting of oxides, carbides, nitrides,
borides, a ceramic material, a metallic material, a
polymeric material and a chemical vapor deposition
material. 8. The method of claim 1, wherein the
cellular solid material is formed from a corrosion
resistant material. 9. The method of claim 1, wherein
the cellular solid material is predominantly formed
from silicon carbide. 10. The method of claim 1,
wherein the unit contains one or more conventional
unit internals. 11. The method of claim 1, wherein the
cellular solid material has a porosity of about 4 to
about 30 pores per inch. 12. A component separation
unit assembly, the assembly comprising a unit having 



a three dimensional cellular solid material having a
solid component and one or more cells disposed
therewithin and having a surface upon which two or
more phases from at least one process stream are
contacted to facilitate mass transfer. 13. The
assembly of claim 12, wherein the cellular solid
material has a periodic unit cell. 14. The assembly of
claim 12, wherein the cellular solid material has a
plurality of cell sizes and shapes.15. The assembly of
claim 12, wherein the component separation unit is
selected from the group consisting of a distillation
unit, an adsorber and an extractor and combinations
thereof. 16. 17. The assembly of claim 12, wherein the
phases comprise at least one liquid phase and at least
one vapor phase. 18. The assembly of claim 12 wherein
the surface of the cellular solid material has a
surface area in the range of about 250-4000 square
meters per cubic meter of cellular solid material in
the unit. 19. The assembly of claim 12, wherein the
cellular solid material is selected from the group
consisting of oxides, carbides, nitrides, borides, a
ceramic material, a metallic material, a polymeric
material and a chemical vapor deposition material. 20.
The assembly of claim 12, wherein the cellular solid
material is formed from a corrosion resistant
material. 21. The assembly of claim 12, wherein the
cellular solid material is predominantly formed from
silicon carbide. 22. The assembly of claim 12, wherein
the unit contains one or more conventional unit
internals. 23. The assembly of claim 12, wherein the
cellular solid material has a porosity in the range of
about 4 to about 30 pores per inch. 24. A method of
altering the composition of at least one process
stream via separation in a component separation unit,
the method comprising the steps of: 



(a) positioning at least one bed of three dimensional
cellular solid material having a solid component and
one or more cells within the unit;(b) passing the at
least one stream through the bed of cellular solid
material, whereby the composition of one or more
phases in the unit are changed as the phases pass
through the cellular solid material, thereby producing
at least one component process stream with a desired
composition; and (c) recovering the at least one
component process stream from the unit. 25. The method
of claim 24, wherein the phases comprise at least one
liquid phase and at least one vapor phase. 26. The
method of claim 24, wherein the cellular solid
material has a periodic unit cell. 27. The method of
claim 24, wherein the cellular solid material has a
plurality of cell sizes and shapes. 28. The method of
claim 24, wherein the cellular solid material has a
surface with a surface area in the range of about
250-4000 square meters per cubic meter of cellular
solid material in the unit. 29. The method of claim
24, wherein one or more component process streams are
recovered from one or more locations on the unit. 30.
The method of claim 24, wherein the cellular solid
material is custom fit to the cross sectional
configuration of the unit. 31. The method of claim 24,
wherein the at least one bed is comprised of a ,
plurality of randomly packed cellular solid elements.
32. The method of claim 24, wherein the cellular solid
material is selected from the group consisting of
oxides, carbides, nitrides, borides, a ceramic
material, a metallic material, a polymeric material
and a chemical vapor deposition material.33. The
method of claim 24, wherein the cellular solid
material is formed from a corrosion resistant
material. 34. The method of claim 24, wherein the
cellular solid material is predominantly formed from
silicon carbide. 35. The method of claim 24, wherein
the unit contains one or more conventional 



unit internals. 36. The method of claim 24, wherein
the cellular solid material has a porosity in the
range of about 4 to about 30 pores per inch. 37. The
method of claim 24, wherein the component separation
unit is a distillation unit. 38. The method of claim
24, wherein the component separation unit is a
contacting unit contacting vapor/lquid or
liquid/liquid phases. 39. A component separation unit
assembly, the assembly comprising at least one
component separation unit with a three dimensional
cellular solid material having a solid component and
one or more cells disposed therewithin, wherein the
amount of cellular solid material is sufficient to
provide the number of theoretical stages needed to
separate one or more process streams into one or more
component process streams of desired compositions. 40.
The assembly of claim 39, wherein the cellular solid
material has a periodic unit cell. 4 1. The assembly
of claim 39, wherein the cellular solid material has a
plurality of cell sizes and shapes. 42. The assembly
of claim 39, wherein the unit contains conventional
unit internals.43. The assembly of claim 39, wherein
the cellular solid material has a surface with a
surface area in the range of about 250-4000 square
meters per cubic meter of cellular solid material in
the unit. 44. The assembly of claim 39, wherein the
cellular solid material has a porosity in the range of
about 4 to about 30 pores per inch. 45. The assembly
of claim 39, wherein the component separation unit is
a distillation unit. 46. The assembly of claim 39,
wherein the component separation unit is a contacting
unit effecting mass transfer between vapor/liquid or
liquid/liquid phases. 47. A method of altering the
composition of at least one process stream in a 



contacting unit, the method comprising the steps of:
(a) positioning at least one bed of three dimensional
cellular solid material having a solid component and
one or more cells within the contacting unit; (b)
passing the at least one process stream through the
bed of cellular solid material, whereby the
composition of two or more phases are changed as they
passes through the cellular solid material, thereby
producing at least one component process stream with a
desired composition; and (c) recovering the at least
one component process stream from the contacting unit.
48. The method of claim 47, wherein the cellular solid
material has a periodic unit cell. 49. The method of
claim 47, wherein the cellular solid material has a
plurality of cell sizes and shapes. 




