
OLEFIN ISOMERIZATION AND METATHESIS CATALYST CROSS-REFERENCE TO RELATED
APPLICATION [0001] This application, pursuant to 35 U.S.C.  119(e), claims
priority to U.S. Provisional Application Serial No. 61/094,296, filed
September 4, 2009, which is incorporated herein in its entirety. BACKGROUND
OF DISCLOSURE Field of the Disclosure [0002] Embodiments disclosed herein
relate generally to the processing of a C3 to C6 hydrocarbon cut from a
cracking process, such as steam or fluid catalytic cracking, primarily for
conversion of C4 olefins to propylene via metathesis. Background [0003] In
typical olefin plants, such as illustrated in U.S. Patent No. 7,223,895,
there is a front-end demethanizer for the removal of methane and hydrogen
followed by a deethanizer for the removal of ethane, ethylene and C2
acetylene. The bottoms from this deethanizer tower consist of a mixture of
compounds ranging in carbon number from C3 to C6. This mixture may be
separated into different carbon numbers, typically by fractionation. [0004]
The C3 cut, primarily propylene, is removed as product and is ultimately
used for the production of polypropylene or for chemical synthesis such as
propylene oxide, cumene, or acrylonitrile. The methyl acetylene and
propadiene (MAPD) impurities must be removed either by fractionation or
hydrogenation. Hydrogenation is preferred since some of these highly
unsaturated C3 compounds end up as propylene thereby increasing the yield.
[0005] The C4 cut, consisting of C4 acetylenes, butadiene, iso- and normal
butenes, and iso- and normal butane can be processed in many ways. A
typical steam cracker C cut contains the following components in weight
%:Table 1. Typical C cut components and weight percentages. The components
in a refinery or FCC based C4 cut are similar, with the exception that the
percentage of paraffins are considerably greater. [0006] Typically, the
butadiene and C4 acetylenes are removed first. This can be accomplished by
either hydrogenation or extraction. The product from butadiene and 



C acetylene removal is designated Raffinate I. If extraction is employed,
the remaining 1-butene and 2-butene remain essentially in the same ratio as
that of the initial feedstock. If hydrogenation is employed, the initial
product from butadiene hydrogenation is 1-butene. Subsequently,
hydroisomerization occurs within the same reaction system changing the
1-butene to 2-butene. The extent of this reaction depends upon catalyst and
reaction conditions within the hydrogenation system. However, it is common
practice to limit the extent of hydroisomerization in order to avoid "over
hydrogenation" and the production of butanes from butenes. This would
represent a loss of butene feedstock for downstream operations. The butenes
remaining in the mixture consist of normal olefins (1-butene, 2-butene) and
isoolefins (isobutylene). The balance of the mixture consists of both iso-
and normalbutanes from the original feed plus what was produced in the
hydrogenation steps and any small quantity of unconverted or unrecovered
butadiene. [0007] A Raffinate I stream can be further processed in many
ways. A Raffinate II stream is by definition a stream following isobutylene
removal. Isobutylene can be removed in a number of ways. It can be removed
via fractionation. In fractionation isobutane will be removed along with
the isobutylene. In addition, some fraction of the 1-butene will be lost as
well. The resultant Raffinate II will contain primarily normal olefins and
paraffins and minimal isoolefins and isoparaffins. Isobutylene can also be
removed via reaction. Reactions include: reaction with methanol to form
MTBE,reaction with water to form tertiary butyl alcohol, or reaction with
itself to form a C8 gasoline component. In all reaction cases, the
paraffins are not removed, and thus the mixture will contain both normal
and iso- paraffins. The paraffin content and composition of the Raffinate
II impacts downstream processing options. The butenes have many uses. One
such use is for the production of propylene via metathesis. Another is for
the production of ethylene and hexene via metathesis. Conventional
metathesis involves the reaction of normal butenes (both 1-butene and
2-butene) with ethylene (principally the reaction of 2-butene with ethylene
to form propylene). These reactions occur in the presence of a group VIA or
VIIA metal oxide catalyst, either supported or unsupported. The paraffin
components of the 



reaction feed are essentially inert and do not react, and are typically
removed from the process via a purge stream in the separation system that
follows the metathesis reactor. Typical catalysts for metathesis are
tungsten oxide supported on silica or rhenium oxide supported on alumina.
Examples of catalysts suitable for the metathesis of olefins are described
in U.S. Patent No. 6,683,019 and 6,420,619, for example. Isobutylene
(isobutene) may be removed from the feedstock prior to the metathesis
reaction step. The reaction of isobutylene with ethylene is non-productive
and reaction with itself and/or other C4 1Sis limited in the presence of
excess ethylene. Non-productive reactions essentially occupy catalyst sites
but produce no product. If allowed to remain in the feed to the metathesis
unit, the concentration of this nonreactive species would build up creating
capacity limitations. The reaction of 1- butene with ethylene is also
non-productive. However, it is common to employ a double bond isomerization
catalyst within the metathesis reactor to shift 1-butene to 2-butene and
allow for continued reaction. Typical double bond isomerization catalysts
include basic metal oxides (Group HA), either supported or unsupported.
Magnesium oxide and calcium oxide are examples of such double bond
isomerization catalysts that may be physically admixed with the metathesis
catalyst. No equivalent co-catalyst exists for the skeletal isomerization
of isobutylene to normal butene. In the case of a conventional metathesis
system employing both a metathesis catalyst and a co-mixed double bond
isomerization catalyst, the butadiene must be removed to a level of less
than 500 ppm to avoid rapid fouling of the double bond isomerization
catalyst. The metathesis catalyst itself can tolerate butadiene levels up
to 10,000 ppm.[0009] In some cases, an isobutylene removal step is employed
prior to metathesis. Options include reacting it with methanol to produce
methyl tertiary butyl ether (MTBE) or separating the isobutylene from the
butenes by fractionation. U.S. Patent No. 6,358,482 discloses the removal
of isobutylene from the C4 mixture prior to metathesis. This scheme is
further reflected in U.S. Patent Nos. 6,075,173 and 5,898,091. U.S. Patent
No. 6,580,009 discloses a process for the production of propylene and
hexene from a limited ethylene fraction. For molar ratios of ethylene to
butenes (expressed as n-butenes) from 0.05 to 0.60, the inventors utilize a
Raffnate 



II stream as the C4 feedstock. [0010] The typical metathesis process takes
the Raffinate I feedstock and removes the majority of the isobutylene via
fractionation, as described above to form a Raffinate II. In this step, the
isobutene is removed as well plus some quantities of normal butenes,
dependent upon the fractionation conditions. The Raffinate II is then
admixed with ethylene, passed through guard beds to remove poisons,
vaporized and preheated and fed to the metathesis reactors. The operating
conditions are typically 300C and 20 to 30 bar pressure. The reactor
effluent following heat recovery is then separated in a fractionation
system. First the ethylene is recovered overhead in a first tower and
recycled to the reactor system. The tower bottoms are then sent to a second
tower where the propylene is recovered overhead. A side draw is taken
containing the majority of the unconverted C4 components and recycled to
the reactor. The tower bottoms containing the C5 and heavier products plus
C4 olefins and paraffins are sent to purge. The purge rate is typically
fixed to contain sufficient C4 paraffins to avoid their buildup in the
reactor recycle stream. In some cases, a third tower is employed on the
tower bottoms stream to separate the C4 components overhead and the C and
heavier components as a bottoms stream. [0011] U.S. Patent No. 6,271,430
discloses a two-step process for the production of propylene. The first
step consists of reacting 1-butene and 2-butene in a raffinate II stream in
an auto-metathesis reaction to form propylene and 2-pentene. The products
are then separated in the second step. The third step reacts specifically
the 2-pentene with ethylene to form propylene and 1-butene. This process
utilizes the isobutylene free raffinate II stream. The pentenes recycled
and reacted with ethylene are normal pentenes (2-pentene).[0012]
Isobutylene removal from the C stream can also be accomplished by employing
a combined catalytic distillation hydroisomerization deisobutyleneizer
system to both remove the isobutylene and recover n-butenes at high
efficiency by isomerizing the 1-butene to 2-butene with known isomerization
catalysts and thus increasing the volatility difference. This technology
combines conventional fractionation for isobutylene removal with
hydroisomerization within a catalytic distillation tower. In U.S. Patent
No. 5,087,780 to Arganbright, 2-butene is 



hydroisomerized to 1-butene as the fractionation occurs. This allows
greater than equilibrium amounts of 1-butene to be formed as the mixture is
separated. Similarly, 1-butene can be hydroisomerized to 2-butene in a
catalytic distillation tower. In separating a C4 stream containing
isobutylene, 1-butene, and 2-butene (plus paraffins), it is difficult to
separate isobutylene from 1-butene since their boiling points are very
close. By employing simultaneous hydroisomerization of the 1-butene to
2-butene with fractionation of isobutylene, isobutylene can be separated
from the normal butenes at high efficiency. [0013] The metathesis reaction
described above is equimolar, i.e., one mole of ethylene reacts with 1 mole
of 2-butene to produce 2 moles of propylene. However, commercially, in many
cases, the quantity of ethylene available is limited with respect to the
quantity of butenes available. In addition, the ethylene is an expensive
feedstock and it is desired to limit the quantities of ethylene used. As
the ratio of ethylene to butenes is decreased, there is a greater tendency
for the butenes to react with themselves which reduces the overall
selectivity to propylene. [0014] The metathesis catalysts and the double
bond isomerization catalysts are quite sensitive to poisons. Poisons
include water, CO , oxygenates (such as MTBE), sulfur compounds, nitrogen
compounds, and heavy metals. It is common practice to employ guard beds
upstream of the metathesis reaction system to insure the removal of these
poisons. It does not matter if these guard beds are directly before the
metathesis reaction system or further upstream as long as the poisons are
removed and no new poisons are subsequently introduced. [0015] Metathesis
reactions are very sensitive to the location of the olefin double bond and
the stereo-structure of the individual molecules. During the reaction, the
double bond on each pair of olefins adsorb on the surface and exchange
double bond positions with the carbon groups on either sides of the double
bonds. Metathesisreactions can be classified as productive, half productive
or non-productive. As described above, non-productive reactions result in
essentially no reaction taking place. When the double bonds shift with
metathesis reaction, the new molecules are the same as the originally
adsorbed molecules thus no productive reaction occurs. This is typical for
reactions between symmetric olefins or reactions between ethylene 



and alpha olefins. If fully productive reactions occur, new products are
generated no matter which orientation the molecules occupy the sites. The
reaction between ethylene and 2-butene to form two propylene molecules is a
fully productive reaction. Half productive reactions are sterically
inhibited. If the pair of olefins adsorb in one orientation (typically the
cis position with respect to the attached R groups), when the double bonds
shift, new products are formed. Alternately if they adsorb in a different
steric configuration (the trans position), when the bonds shift, the
identical olefins are formed and thus no new products are formed. The
various metathesis reactions proceed at different rates (a fully productive
reaction is usually faster than a half productive reaction). Table 2
summarizes the reactions between ethylene and various butenes and the
reactions between the butenes themselves. The reactions listed in Table 2
represent the base reaction with ethylene (reaction 1, 4 and 5) as well as
the reactions between the various C4 olefins. It is especially important to
make a distinction between the selectivity to propylene from total C4
olefins (including isobutylene) and the selectivity to propylene from the
normal C4 olefins involved in the reaction. The reaction of isobutylene
with 2-butene (reaction 6) produces propylene and a branched C5 molecule.
For this reaction, propylene is produced at 50 molar % selectivity from
total C4 1S(similar to reaction 2) but at a 100 molar % selectivity from
the normal C (2-butene). For the purposes of definitions, conventional
metathesis is defined as the reaction of the C4 olefin stream with
ethylene. However, the C4 stream can also react in the absence of ethylene
as a feedstock. This reaction is called auto or self metathesis. In this
case, reactions 2, 3, 6, and 7 are the only possible reactions and will
occur at rates dependent upon the feedstock composition.Table 2. ] In
conventional metathesis, the focus is to maximize reaction 1 to produce
propylene. This will maximize the selectivity to propylene. As such, excess
ethylene is used to reduce the extent of the reactions of butenes with
themselves (reactions 2, 3, 6, and 7). The theoretical ratio is 1/1 molar
or 0.5 weight ratio of ethylene to nbutenes but it is common in
conventional metathesis to employ significantly greater 



ratios, typically, 1.3 or larger molar ratio to minimize reactions 2, 3, 6
and 7. Under conditions of excess ethylene, and due to the fact that both
isobutylene and 1-butene do not react with ethylene (see reactions 4 and
5), two process sequences are employed. First, the isobutylene is removed
prior to metathesis. If isobutylene is not removed, it will build up as the
n-butenes are recycled to achieve high yield. Second, 1-butene is
isomerized to 2-butene by including a double bond isomerization catalyst
such as magnesium oxide admixed with the metathesis catalyst. Note that
this catalyst will not cause skeletal isomerization (isobutylene to normal
butylenes) but only shift the double bond from the 1 position to the 2
position for the normal butenes. Thus by operating with excess ethylene,
eliminating isobutylene from the metathesis feed prior to reaction, and
employing a double bond isomerization catalyst, reaction 1 is maximized.
Note, however, that by removing the isobutylene, potential production of
propylene or other products is lost.[0018] When there is limited or no
fresh ethylene (or excess butylenes for the ethylene available), there are
currently two options available for propylene production. In these cases,
the first option will first remove the isobutylene and then process the
normal butenes with whatever ethylene is available. The entire
n-butenesonly mixture is subjected to metathesis with the available
ethylene. Ultimately, if there is no fresh ethylene available, the C 1S
react with themselves (auto metathesis). Under low ethylene conditions,
reactions 2, 3, 6 and 7 will occur, all leading to a lower propylene
selectivity (50% or lower versus 100% for reaction 1). The lower
selectivity results in lower propylene production. Note that reactions 6
and 7 will be minimized as a result of the removal of isobutylene (to low
levels but not necessarily zero). Alternately, the molar flows of ethylene
and butenes can be matched by limiting the flow of butenes to produce
conditions where there is a high selectivity of the normal butenes to
propylene via reaction 1. By limiting the flow of n-butenes to match
ethylene, the production of propylene is limited by the reduced butenes
flow. [0019] Pentenes and some hexenes are formed to some extent in the
conventional metathesis case with low ethylene via reactions 2 and 3. The
volume of these components will depend upon the ethylene/n-butenes ratio
with a lower ratio producing more C5 and C components. In the conventional
prior art case where 



isobutylene is removed before any metathesis, these C5 and C olefins are
normal olefins since no skeletal isomerization occurs. It is possible to
recycle these olefins back to the metathesis step where, for example, the
reaction with ethylene and 2- pentene will occur yielding propylene and
1-butene. The 1-butene is recovered and recycled. Note however, with
limited ethylene, reaction 1 can occur only to the limit of the ethylene
availability. Ultimately these non-selective byproducts, pentenes and
hexenes, must be purged from the system. [0020] U.S. Patent No. 6,777,582
discloses a process for the auto-metathesis of olefins to produce propylene
and hexene. Therein, auto-metathesis of a mixed normal butenes feed in the
presence of a metathesis catalyst operates without any ethylene in the feed
mix to the metathesis reactor. Some fraction of the 2-butene feed may be
isomerized to 1-butene and the 1-butene formed plus the 1-butene in the
feed react rapidly with the 2-butene to form propylene and 2-pentene. The
feed to the reactor also includes the recycle of the 2-pentene formed in
the reactor with unreactedbutenes to simultaneously form additional
propylene and hexene. The 3-hexene formed in the reaction may be isomerized
to 1-hexene. [0021] In U.S. Patent No. 6,727,396, ethylene and hexene-1 are
produced from butene-1 by metathesis of butene-1 and isomerization of the
hexene-3 produced therein to hexene-1. The initial starting material is a
mixed butene stream wherein butene-1 is isomerized to butene-2 with
isobutylene being separated therefrom, followed by isomerization of
butene-2 to butene-1, with the butene-1 being the feed to the metathesis.
[0022] In U.S. Patent No. 7,214,841, the C cut from a hydrocarbon cracking
process is first subjected to auto-metathesis prior to any isobutylene
removal and without any ethylene addition, favoring the reactions which
produce propylene and pentenes. The ethylene and propylene produced are
then removed leaving a stream of the C.sub.4's and heavier components. The
C.sub.5 and heavier components are then removed leaving a mixture of
1-butene, 2-butene, isobutylene, and iso- and normal butanes. The
isobutylene is next removed preferably by a catalytic distillation
hydroisomerization de-isobutyleneizer. The isobutylene-free C stream is
then mixed with the product ethylene removed from the auto-metathesis
product together with 



any fresh external ethylene needed and subjected to conventional metathesis
producing additional propylene. [0023] Another use of the C4 olefin stream
is as a feedstock to an olefin cracking process, where the olefins are
reacted with themselves over a zeolitic catalyst to produce a mixture
comprising ethylene, propylene, and aromatics (such as benzene). Similar to
the metathesis process, the paraffins are inert in this cracking process
and must be removed from the process via a purge stream. U.S. Patent No.
6,307,1 17 and U.S. Patent Application Publication No. 20050080307 both
describe such a process. A mixture of typically C4 to C6 olefins as well as
paraffins is vaporized and fed to a reactor filled with a crystalline
zeolitic catalyst and operating at a temperature between 450 and 600C and a
pressure between 10 and 70 psia. The reactor effluent is first sent to a
compression step. The cracking reactor system operates at relatively low
pressure to avoid fouling of the catalyst in the cracking reactor. In order
to reduce the energy costs due to refrigeration in the subsequent
separation system, the pressure is typically increased to pressures on the
order of 12 to 25 barg. This allows the subsequent fractionating towers to
utilize cooling water instead of refrigeration inthe overhead condensation
step. The compression effluent is then sent to a separation system where
the ethylene and propylene are recovered along with an aromatics stream.
The ethylene and propylene is recovered overhead in a first tower. Unlike
metathesis, these products contain sufficient quantities of ethane and
propane that additional purification of this stream is necessary. This can
be accomplished by additional fractionation or by utilizing the recovery
system of an adjacent facility such as an olefins plant. The tower bottoms
contains C4, C5 and C6+ paraffins and aromatics. This is sent to a second
tower. The overhead is a C4/C5 stream and the highly aromatic C6+ stream is
the bottoms product. The unconverted C4 and C5 products are typically
recycled. The cracking process can handle both iso and normal olefins with
equivalent efficiency. There is no need to remove isobutylene for example
from the feed to maximize propylene production. [0024] The isomerization
and metathesis of olefins in the above-described processes currently
utilizes two catalysts. For example, WO3/SiO2 catalyst may perform the
metathesis reaction and MgO catalysts may perform the olefin isomerization
reaction. 



The MgO catalyst also serves a reactive guard bed, which prevents the
adsorption of poisons onto the WO3/SiO2 (metathesis) catalyst, and,
therefore, prolongs its cycle length. [0025] The two-catalyst system
typically consists of a physical mixture of two catalysts. One is a
tabletted MgO and the other is a silica supported WO in the form of
granules. The MgO catalyst is present to act both as a reactive guard bed
and to provide isomerization of 1-butene to 2-butene for the reaction of
2-butene with ethylene to ultimately form two propylene molecules. These
catalysts, when loaded as a (MgO: W0/S 02) bed with a part upper MgO bed,
or an overall (MgO: W0/Si02) mixed bed, present several issues. For
example, the MgO is subject to significant sintering and loss of surface
area over catalyst regenerations; the loss of surface area results in loss
of MgO activity for both isomerization and as an adsorbent of poisons. As
another example, the mixed co-catalyst system may be subject to uneven
mixing, bed non-uniformity, flow channeling, and uneven temperature
distribution in the bed, which also further affects catalyst performance.
Additionally, the reactive effectiveness of a physical mixture on a kinetic
basis is lower than a single catalyst where the functionality is in close
proximity.[0026] As described above, there is considerable interest in the
processing of C4, C5, and heavier olefin streams to produce lighter
olefins, such as propylene. Accordingly, there exists a significant need
for catalysts and processes that may result in the efficient isomerization
and metathesis of linear butenes for the production of high purity
propylene from such olefin-containing streams at low cost and low energy.
SUMMARY OF THE DISCLOSURE [0027] In one aspect, embodiments disclosed
herein relate to a process for the production of propylene, the process
including: contacting ethylene and a hydrocarbon stream comprising 1-butene
and 2-butene with a bifunctional isomerization-metathesis catalyst to
concurrently isomerizes 1-butene to 2-butene and to form a metathesis
product comprising propylene; wherein the bifunctional
isomerization-metathesis catalyst comprises: a catalyst compound comprising
at least one element selected from tungsten, tantalum, niobium, molybdenum,
nickel, palladium, osmium, iridium, rhodium, vanadium, ruthenium, and
rhenium for 



providing metathesis activity on a support comprising at least one element
from Group IA, HA, HB, and IIIA of the Periodic Table of the Elements;
wherein an exposed surface area of the support provides both isomerization
activity for the isomerization of 1-butene to 2-butene; and reactive sites
for the adsorption of catalyst compound poisons. Alternatively, the
material having metathesis activity and the material having isomerization
and poison adsorption activity can be co-mingled on a microscopic scale and
then tabletted or extruded in the presence of a binder to form the
bifunctional catalyst. [0028] In another aspect, embodiments disclosed
herein relate to a bifunctional isomerization-metathesis catalyst for the
concurrent isomerization and metatheses of a mixed butene feed, including:
a catalyst compound comprising at least one element selected from tungsten,
tantalum, niobium, molybdenum, nickel, palladium, osmium, iridium, rhodium,
vanadium, ruthenium, and rhenium for providing metathesis activity on a
support comprising at least one element from Group IA, HA, HB, and IIIA of
the Periodic Table of the Elements; wherein an exposed surface area of the
support provides both isomerization activity for the isomerization of
1-butene to 2- butene; and reactive sites for the adsorption of catalyst
compound poisons. Alternatively, the material having metathesis activity
and the material havingisomerization and poison adsorption activity can be
co-mingled on a microscopic scale and then tabletted or extruded in the
presence of a binder to form the bifunctional catalyst. [0029] In another
aspect, embodiments disclosed herein relate to a process of preparing a
bifunctional isomerization-metathesis catalyst for the concurrent
isomerization and metathesis of a mixed butene feed, including: calcining a
support comprising at least one element from Group IA, HA, HB, and IIIA of
the Periodic Table of the Elements; impregnating the calcined support with
a catalyst compound comprising at least one element selected from tungsten,
tantalum, niobium, molybdenum, nickel, palladium, osmium, iridium, rhodium,
vanadium, ruthenium, and rhenium; wherein the catalyst compound element
provides metathesis activity; and wherein an exposed surface area of the
support provides both isomerization activity for the isomerization of
1-butene to 2-butene; and reactive sites for the 



adsorption of catalyst compound poisons. Alternatively, particles of
material having metathesis activity and material having isomerization and
poison adsorption activity are co-mingled on a microscopic scale and either
tabletted or extruded in the presence of a binder to form the bifunctional
catalyst. [0030] In another aspect, embodiments disclosed herein relate to
a process for the production of propylene, the process including:
contacting ethylene and a hydrocarbon stream comprising 1-butene and
2-butene with a bifunctional isomerization-metathesis catalyst to
concurrently isomerizes 1-butene to 2-butene and to form a metathesis
product comprising propylene; wherein the bifunctional
isomerization-metathesis catalyst comprises: a catalyst compound comprising
at least one element selected from aluminum, gallium, iridium, iron,
molybdenum, nickel, niobium, osmium, palladium, phosphorus, rhenium,
rhodium, ruthenium, tantalum, titanium, tungsten, and vanadium for
providing metathesis activity: co-mingled on a microscopic scale with a
catalyst comprising at least one element from Group IA, HA, HB, and IIIA of
the Periodic Table of the Elements; or on a support comprising at least one
element from Group IA, HA, HB, and IIIA of the Periodic Table of the
Elements; wherein the co-mingled catalyst particles or an exposed surface
area of the support provides both isomerization activity for the
isomerization of 1-butene to 2- butene; and reactive sites for the
adsorption of catalyst poisons in the feed.[0031] In another aspect,
embodiments disclosed herein relate to a bifunctional
isomerization-metathesis catalyst for the concurrent isomerization and
metatheses of a mixed butene feed, including: a catalyst compound
comprising at least one element selected from aluminum, gallium, iridium,
iron, molybdenum, nickel, niobium, osmium, palladium, phosphorus, rhenium,
rhodium, ruthenium, tantalum, titanium, tungsten, and vanadium for
providing metathesis activity: co-mingled on a microscopic scale with a
catalyst comprising at least one element from Group IA, HA, HB, and IIIA of
the Periodic Table of the Elements; or on a support comprising at least one
element from Group IA, HA, HB, and IIIA of the Periodic Table of the
Elements; wherein an exposed surface area of the support provides both
isomerization activity for the isomerization of 1-butene to 2-butene; and
reactive sites for the adsorption of catalyst poisons in the feed. 



[0032] In another aspect, embodiments disclosed herein relate to a process
of preparing a bifunctional isomerization-metathesis catalyst for the
concurrent isomerization and metathesis of a mixed butene feed, including:
impregnating a support comprising at least one element from Group IA, HA,
HB, and IIIA of the Periodic Table of the Elements with a catalyst compound
comprising at least one element selected from aluminum, gallium, iridium,
iron, molybdenum, nickel, niobium, osmium, palladium, phosphorus, rhenium,
rhodium, ruthenium, tantalum, titanium, tungsten, and vanadium; wherein the
catalyst compound element provides metathesis activity; and wherein an
exposed surface area of the support provides both isomerization activity
for the isomerization of 1-butene to 2-butene; and reactive sites for the
adsorption of catalyst compound poisons. [0033] In another aspect,
embodiments disclosed herein relate to a process of preparing a
bifunctional isomerization-metathesis catalyst for the concurrent
isomerization and metathesis of a mixed butene feed, including: co-mingling
a first compound comprising at least one element from Group IA, HA, HB, and
IIIA of the Periodic Table of the Elements with a catalyst compound
comprising at least one element selected from aluminum, gallium, iridium,
iron, molybdenum, nickel, niobium, osmium, palladium, phosphorus, rhenium,
rhodium, ruthenium, tantalum, titanium, tungsten, and vanadium to form a
mixture; forming the mixture into a catalyst particle; wherein the catalyst
compound element provides metathesis activity;and wherein the first
compound element provides both isomerization activity for the isomerization
of 1-butene to 2-butene; and reactive sites for the adsorption of catalyst
poisons in the feed. [0034] Other aspects and advantages will be apparent
from the following description and the appended claims. BRIEF DESCRIPTION
OF DRAWINGS [0035] Figure 1 is a simplified process flow diagram of a
process for producing propylene according to embodiments disclosed herein.
DETAILED DESCRIPTION [0036] In one aspect, embodiments herein relate to the
processing of a C4 to C6 hydrocarbons to form lighter olefins, such as
ethylene and propylene. In another 



aspect, embodiments disclosed herein relate to the concurrent isomerization
of 1- olefins, such as 1-butene, to 2-olefins, such as 2-butene, and the
metathesis of the 2- olefns to form propylene and ethylene. In other
aspects, embodiments disclosed herein relate to a bifunctional catalyst for
the concurrent isomerization and metathesis, and a method of preparing the
bifunctional catalyst. [0037] In a more specific aspect, embodiments
disclosed herein relate to a process for the production of propylene,
including contacting ethylene and a hydrocarbon stream including 1-butene
with a bifunctional isomerization-metathesis catalyst to concurrently
isomerizes 1-butene to 2-butene and to form a metathesis product including
propylene. [0038] In some embodiments, the hydrocarbon stream including
1-butene may be supplied as a mixed C4 stream. The mixed C feed to
processes disclosed herein may include C3 to C6+ hydrocarbons, including
C4, C to C , and C to C6 cracker effluents, such as from a steam cracker or
a fluid catalytic cracking (FCC) unit. Other refinery hydrocarbon streams
containing a mixture of C4 olefins may also be used. When C3, C5 and/or C6
components are present in the feed, the stream may be pre-fractionated to
result in a primary C4 cut, a C4 to C cut, or a C4 to C6 cut. [0039] C4
components contained in the feed stream may include n-butane, isobutane,
isobutene, 1-butene, 2-butene, and butadiene. In some embodiments, the
mixed C4 feed is pretreated to provide a 1-butene feed for the metathesis
reaction. For example, when butadiene is present in the C4 feed, the
butadiene may be removed viahydrogenation or extraction. In other
embodiments, the mixed butenes feed following or in conjunction with
butadiene hydrogenation may be subjected to hydroisomerization conditions
to convert 1-butene to 2-butene, with isobutylene being separated from a
2-butene stream by fractionation. The 2-butene stream may then be
isomerized back to 1-butene in a subsequent step for use as feed to the
metathesis portion of the processes disclosed herein. [0040] The 1-butene
may then be contacted with a bifunctional isomerizationmetathesis catalyst
to concurrently isomerize at least a portion of the 1-butene to 2- butene,
and to metathesize at least a portion of the 2-butene to form one or more
metathesis products including ethylene, propylene, and C5 to C6 metathesis
products. 



In some embodiments, the 2-butene may be subject to conventional
metathesis, where ethylene is co-fed with the 2-butene to the metathesis
reactor. [0041] The metathesis reactor may operate at a pressure between 2
and 40 atmospheres in some embodiments, and between 5 and 15 atmospheres in
other embodiments. The metathesis reactor may be operated such that the
reaction temperature is within the range from about 50C to about 600C;
within the range from about 2000C to about 4500C in other embodiments; and
from about 2500C to about 4000C in yet other embodiments. The metathesis
reaction may be performed at a weight hourly space velocity (WHSV) in the
range from about 3 to about 200 in some embodiments, and from about 6 to
about 40 in other embodiments. [0042] The reaction may be carried out by
contacting the olefm(s) with the bifunctional isomerization-metathesis
catalyst in the liquid phase or the gas phase depending on structure and
molecular weight of the olefin(s). If the reaction is carried out in the
liquid phase, solvents or diluents for the reaction can be used. Aliphatic
saturated hydrocarbons, e.g., pentanes, hexanes, cyclohexanes, dodecanes
and aromatic hydrocarbons such as benzene and toluene are suitable. If the
reaction is carried out in the gaseous phase, diluents such as saturated
aliphatic hydrocarbons, for example, methane, ethane, and/or substantially
inert gases, such as nitrogen and argon, may be present. For high product
yield, the reaction may be conducted in the absence of significant amounts
of deactivating materials such as water and oxygen. [0043] The contact time
needed to obtain a desirable yield of metathesis reaction products depends
upon several factors such as the activity of the catalyst, temperature,
pressure, and the structure of the olefn(s) to be metathesized. Length of
time duringwhich the olefn(s) are contacted with catalyst can conveniently
vary between 0.1 seconds and 4 hours, preferably from about 0.5 sec to
about 0.5 hrs. The metathesis reaction may be conducted batch-wise or
continuously with fixed catalyst beds, slurried catalyst, fluidized beds,
or by using any other conventional contacting techniques. [0044] In some
embodiments, the concurrent isomerization and metathesis reaction may be
conducted in the presence of hydrogen. In the presence of hydrogen, the
bifunctional isomerization-metathesis catalyst may reduce 1,3-butadiene
production 



during the reaction by 95% or more as compared to commercial mixed bed
catalyst system. 1,3-butadiene may cause catalyst coking under reaction
conditions, and with the lower production of 1,3-butadiene when hydrogen is
used, catalyst fouling by 1,3-butadiene is drastically reduced. The use of
hydrogen with the bifunctional isomerizationmetathesis catalyst thus
increases cycle length over mixed bed catalyst systems. [0045] In some
embodiments, the bifunctional isomerization-metathesis catalyst may include
a catalyst compound comprising at least one element selected from aluminum,
gallium, iridium, iron, molybdenum, nickel, niobium, osmium, palladium,
phosphorus, rhenium, rhodium, ruthenium, tantalum, titanium, tungsten, and
vanadium for providing metathesis activity on a support comprising at least
one element from Group IA, HA, HB, and IIIA of the Periodic Table of the
Elements. In other embodiments, the bifunctional isomerization-metathesis
catalyst may include a catalyst compound comprising at least one element
selected from tungsten, tantalum, niobium, molybdenum, nickel, palladium,
osmium, iridium, rhodium, vanadium, ruthenium, and rhenium for providing
metathesis activity on a support comprising at least one element from Group
IA, HA, HB, and IIIA of the Periodic Table of the Elements. The support
material is selected such that an exposed surface area of the support
provides both a) isomerization activity for the isomerization of 1-butene
to 2- butene and b) reactive sites for the adsorption of catalyst compound
poisons. [0046] In some embodiments, the support may include an oxide,
sulfide, nitride, or hydride of the at least one element from Group IA, HA,
HB, and IIIA of the Periodic Table of the Elements. For example, the
support may include a basic metal oxide suitable for the isomerization of
1-butene to 2-butene, such as magnesium oxide,calcium oxide, barium oxide,
lithium oxide, sodium oxide, and potassium oxide, and mixtures thereof.
[0047] In some embodiments, the support may include a magnesia-alumina
hydrotalcite. Hydrotalcite compounds suitable to perform isomerization and
poison adsorption may include, for example, the hydrotalcite compounds
disclosed in U.S. Patent No. 4,675,307, which is incorporated herein by
reference. [0048] The bifunctional isomerization-metathesis catalyst for
the concurrent 



isomerization and metathesis of a mixed butene feed may be prepared by
first calcining a support comprising at least one element from Group IA,
HA, HB, and IIIA of the Periodic Table of the Elements. The catalyst may
then be loaded onto the calcined support, where the catalyst compound
comprises at least one element selected from aluminum, gallium, iridium,
iron, molybdenum, nickel, niobium, osmium, palladium, phosphorus, rhenium,
rhodium, ruthenium, tantalum, titanium, tungsten, and vanadium in some
embodiments, and selected from tungsten, tantalum, niobium, molybdenum,
nickel, palladium, osmium, iridium, rhodium, vanadium, ruthenium, and
rhenium in other embodiments. The catalyst or a catalyst precursor may be
loaded onto the support via any known method, including an impregnation
method, an incipient wetness method, or an ion-exchange method. [0049] For
example, a bifunctional isomerization-metathesis catalyst may be prepared
by calcining hydrotalcite at a temperature of at least 350C. The calcined
hydrotalcite may then be impregnated with a metathesis catalyst precursor,
such as ammonium metatungstate. In some embodiments, the hydrotalcite may
be calcined, formed into a shape suitable for a commercial reactor, and
then impregnated with a catalyst or catalyst precursor. Shapes suitable for
a commercial reactor may include powders, pellets, extrudates, and the
like. [0050] In some embodiments, the impregnated catalyst may be contacted
with an alkali metal promoter. For example, the alkali metal promoter may
include at least one of sodium, potassium, lithium, cesium, and a rare
earth element. The alkali metal promoter may reduce the acidity of the
catalyst and/or exposed surface areas of the support. In other embodiments,
the metathesis catalyst and the isomerization catalyst are co-mingled on a
microscopic scale and formed (e.g., tabletted or extruded in the presence
of a binder) into a catalyst particle. The mixing is achieved using a
blenderor other powder mixing devices. In some embodiments, the blended
materials are mixed with water, acid or base and a binder like silica,
clay, titania, zirconia, alumina and the like to form an extrudable
mixture. This mixture can be extruded and/or formed into any suitable shape
including cylinders, cubes, stars, tri-lobes, quadralobes, pellets, pills,
spheres, or shapes containing hollow cores of varying diameters by suitable
mechanical means. 



[0051] For some of the above-described bifunctional
isomerization-metathesis catalysts, it has been found that calcining must
be performed prior to catalyst impregnation. For example, impregnating a
hydrotalcite with an ammonium metatungstate solution and then calcining the
powder will result in an inactive catalyst. Hydrotalcite has intermittent
layers of hydroxides and carbonates that release upon calcination at
temperatures above 350C. If, however, the hydrotalcite is calcined first,
the resultant MgO/Al2O3 solution will have high surface area and be very
stable. Impregnating this material with the same ammonium metatungstate
solution results in a catalyst that has a high metathesis activity.
Additionally, the hydrotalcite material, once calcined, retains a high
surface area/gram over a number of regenerations. Thus, the MgO portion
surface area does not decrease, allowing for high isomerization activity
and poison adsorption (guard bed activity) to be maintained. [0052] Prior
to use, bifunctional isomerization-metathesis catalysts formed as described
above may be activated, such as by oxidation of the metathesis catalyst
precursor or by other techniques known to those skilled in the art. [0053]
Bifunctional isomerization-metathesis catalyst disclosed herein may include
up to about 30 weight percent of a metal oxide having metathesis activity.
In other embodiments, the bifunctional isomerization-metathesis catalyst
may contain between 1 and 25 weight percent of a metal oxide having
metathesis activity; between 6 and 7 weight percent of a metal oxide having
metathesis activity, such as tungsten oxide, in other embodiments. [0054]
For example, a bifunctional catalyst according to embodiments disclosed
herein may include a 70% MgO, 30% alumina support carrying 6-7% tungsten
oxide (WO3) . The WO loading is equivalent to that on commercially
available monofunctional metathesis catalysts. However, due to the volume
loading in a metathesisreactor when mixed with an isomerization catalyst,
the bifunctional catalysts disclosed herein allow for a similar amount of
isomerization / guard bed catalyst to be added to a reactor with a
substantial increase in the quantity of metathesis catalyst. For example,
up to five times higher tungsten weight per unit volume can be achieved
with the bifunctional catalysts compared to commercial mixed bed catalyst
system. 



This higher tungsten loading may result in longer catalyst cycle life.
[0055] Further, a single bifunctional catalyst eliminates the blending
process of two different catalysts of dissimilar morphology during the
manufacturing process. Blending may result in fines generation during
mixing, transport, and loading of the separate catalysts in reactor. Fines
generation in a reactor results in increased pressure drop. All of this is
eliminated by the use of the single catalyst. [0056] As described above,
ethylene and a hydrocarbon stream including 1-butene may be contacted, in
the presence or absence of hydrogen, with a bifunctional
isomerization-metathesis catalyst to concurrently isomerizes 1-butene to
2-butene and to form a metathesis product including propylene. The effluent
from the isomerization-metathesis reactor may also include unreacted
components (ethylene, butenes, hydrogen, etc.) and other metathesis
byproducts. [0057] The effluent from the metathesis reactor may be sent to
a separation system to separate the metathesis effluent into carbon number
groups by technology well known in the art. For example, the products of
the separation system may include an ethylene stream, a propylene stream, a
C4 stream, and a C5+ stream. The propylene stream may be recovered as a
product stream, which may also undergo further purification steps to obtain
a high purity propylene product. The C4 stream may be recycled back to the
metathesis reactor or a pre-treatment stage, such as isomerization or
fractionation. The ethylene stream may also be recovered as a product
stream or may be recycled back to the metathesis reactor for use as an
ethylene feedstock for the conventional metathesis reaction. [0058] In some
embodiments, an olefin feed to a conventional metathesis reactor may
include essentially pure normal butenes. This can be any mixture of
1-butene and 2- butene and may also contain C4 paraffins as a feed diluent.
In some embodiments, the isobutene content, based on a combined amount of
olefins in the feed mixture; may beless than 10%; less than 5% in other
embodiments; less than 2% in other embodiments; and less than 1% in yet
other embodiments. [0059] In other embodiments, isobutene feed
specifications may be relaxed, thus allowing some flexibility for ethylene
feed to the metathesis reactor. For example, feeding some isobutene, such
as up to an isobutene concentration in the mixed C4 feed 



of about 15%, to the metathesis reactor may allow the reduction in the
overall energy costs as the fractionation requirements are reduced. This
flexibility may advantageously allow for lower capital costs, due to the
relaxed separation requirements, as well as the potential for the
metathesis process according to embodiments disclosed herein to operate
with a low ethylene consumption. In some embodiments, a ratio of ethylene
to butenes in a conventional metathesis reactor feed may range from about
0.1 to about 2.5. In other embodiments, a ratio of ethylene to butenes in a
conventional metathesis reactor feed may range from about 0.8 to about 2.0;
and from about 1.5 to about 2.0 in yet other embodiments. [0060] Referring
now to Figure 1, a simplified process flow diagram of a process for
producing propylene according to embodiments disclosed herein is
illustrated. A mixed C4 stream containing n-butenes, isobutylene, and
paraffins may be fed via flow line 10 to a fractionator 12, where the C S
may be fractionated into at least two fractions, including a light C4
fraction, including isobutylene, and a heavy C4 fraction, including
n-butenes. The light C4 fraction may be recovered from fractionator 12 as
an overheads fraction via flow line 14. Fractionator 12 may be either a
conventional fractionation tower or may be a catalytic distillation
fractionation tower wherein a catalyst is utilized to isomerizes 1-butene
to 2-butene and hydrogenate butadiene to 1- or 2-butene while
simultaneously separating the C4 stream into the light C and heavy C4
fractions. [0061] The heavy C4 fraction may be recovered as a bottoms
fraction via flow line 16 and fed to isomerization-metathesis reactor 18.
When used, ethylene may be co-fed to reactor 18 via flow lines 20 and/or
22. Metathesis reactor 18 may contain one or more beds 24 of a bifunctional
isomerization-metathesis according to embodiments disclosed herein,
suitable for concurrently isomerizing at least a portion of the 1- butene
to 2-butene and converting via metathesis at least a portion of the linear
butenes in the heavy C4 fraction, with or without co-fed ethylene, to
ethylene andpropylene. Hydrogen, when used, may be fed via flow line 23, or
may be fed directly to one or more locations along the length of reactor
18. [0062] Effluent from metathesis reactor 18 may be fed via flow line 26
to a separation system 28, which may include, for example, distillation
apparatus for separating the 



effluent into carbon number groups. As illustrated, separation system 28
may fractionate the metathesis product into at least four fractions,
including an ethylenecontaining fraction recovered vial flow line 30, a
propylene-containing fraction recovered via flow line 32, a C4 fraction
recovered via flow line 34, and a C5+ fraction recovered via flow line 36.
The C5 fraction 36 may contain C4 components in addition to C5 and heavier
components. [0063] A portion of the C2 fraction recovered via flow line 30
may be purged from the system via flow line 38. The purge from line 38 is
utilized primarily to purge trace components that may exist in the ethylene
stream, including but not limited to hydrogen, methane, and/or ethane. If
desired, at least a portion of the ethylene recovered via flow line 30 may
be recycled as ethylene feed via flow line 22 to metathesis reactor 18.
[0064] The C4 fraction recovered via flow line 34 may be recycled to
metathesis reactor 18 via flow line 40. In some embodiments, at least a
portion of the C4 fraction may be recycled to fractionator 12 via flow line
41. In some embodiments, at least a portion of the C4 fraction may be
purged, if necessary, via flow line 42. The purge via line 42 may serve to
purge C4 paraffins from the system that could otherwise build up to
substantial levels as the recycle is increased to allow for high overall
conversion of the C4 olefins. Typically, stream 34 may contain between 30
and 60% paraffins as a result of the recycle buildup of paraffins within
the system. Although not illustrated, the C4 fraction recovered via flow
line 34 may alternatively be fed to a downstream cracking unit, as
described in U.S. Provisional Patent Application No. 61/088,221, filed on
August 12, 2008, which is hereby incorporated by reference. [0065] As
described above, embodiments disclosed herein provide for the concurrent
isomerization and metathesis of C4-C6 feeds using a bifunctional catalyst.
Bifunctional catalysts according to embodiments disclosed herein may
exhibit improved performance in metathesis and isomerization reactions,
including extended catalyst cycle times. Use of hydrotalcite support
materials may allow bifunctional catalysts disclosed herein to retain a
high surface area/gram over a number of catalystregeneration cycles,
allowing for high isomerization and guard bed activity to be maintained.
Catalysts according to embodiments disclosed herein may also 



advantageously allow a greater amount of metathesis catalyst to be loaded
per reactor volume as compared to mixed bed catalysts systems, where the
additional metathesis catalyst material may allow for extended bed cycle
lifespan. Further, a single bifunctional catalyst may eliminate the
blending process of two different catalysts of dissimilar morphology during
the manufacturing process, decreasing the amount of fines generated during
mixing, transport and loading of catalyst in reactor. While the disclosure
includes a limited number of embodiments, those skilled in the art, having
benefit of this disclosure, will appreciate that other embodiments may be
devised which do not depart from the scope of the present disclosure.
Accordingly, the scope should be limited only by the attached claims.CLAIMS
What is claimed: 1. A process for the production of propylene, the process
comprising: contacting ethylene and a hydrocarbon stream comprising
1-butene and 2-butene with a bifunctional isomerization-metathesis catalyst
to concurrently isomerizes 1- butene to 2-butene and to form a metathesis
product comprising propylene; wherein the bifunctional
isomerization-metathesis catalyst comprises: a catalyst compound comprising
at least one element selected from tungsten, tantalum, niobium, molybdenum,
nickel, palladium, osmium, iridium, rhodium, vanadium, ruthenium, and
rhenium for providing metathesis activity on a support comprising at least
one element from Group IA, HA, IIB, and IIIA of the Periodic Table of the
Elements; wherein an exposed surface area of the support provides both
isomerization activity for the isomerization of 1-butene to 2-butene; and
reactive sites for the adsorption of catalyst compound poisons. 2. The
process of claim 1, wherein the support comprises an oxide, sulfide,
nitride, or hydride of the at least one element from Group IA, HA, IIB, and
IIIA of the Periodic Table of the Elements. 3. The process of claim 1,
wherein the support comprises at least one of magnesium oxide, calcium
oxide, barium oxide, lithium oxide, sodium oxide, potassium oxide, 4. The
process of claim 1, wherein the support comprises a magnesia-alumina
hydrotalcite. 



5. The process of claim 1, wherein the catalyst compound further comprises
an alkali metal promoter to reduce acidity. 6. The process of claim 5,
wherein the alkali metal promoter comprises at least one of sodium,
potassium, lithium, cesium, and a rare earth element. 7. The process of
claim 1, wherein the contacting is conducted in the presence of hydrogen.
8. The process of claim 1, wherein the bifunctional
isomerization-metathesis catalyst comprises between 6 and 7 weight percent
tungsten oxide. 9. A bifunctional isomerization-metathesis catalyst for the
concurrent isomerization and metatheses of a mixed butene feed, comprising:
a catalyst compound comprising at least one element selected from tungsten,
tantalum, niobium, molybdenum, nickel, palladium, osmium, iridium, rhodium,
vanadium, ruthenium, and rhenium for providing metathesis activityon a
support comprising at least one element from Group IA, HA, HB, and IIIA of
the Periodic Table of the Elements; wherein an exposed surface area of the
support provides both isomerization activity for the isomerization of
1-butene to 2-butene; and reactive sites for the adsorption of catalyst
compound poisons. 10. The catalyst of claim 9, wherein the support
comprises an oxide, sulfide, nitride, or hydride of the at least one
element from Group IA, HA, HB, and IIIA of the Periodic Table of the
Elements. 11. The catalyst of claim 9, wherein the support comprises at
least one of magnesium oxide, calcium oxide, barium oxide, lithium oxide,
sodium oxide, potassium oxide, 12. The catalyst of claim 9, wherein the
support comprises a magnesia-alumina hydrotalcite. 13. The catalyst of
claim 9, wherein the catalyst compound further comprises an alkali metal
promoter to reduce acidity. 14. The catalyst of claim 13, wherein the
alkali metal promoter comprises at least one of sodium, potassium, lithium,
cesium, and a rare earth element. 15. The catalyst of claim 9, wherein the
bifunctional isomerization-metathesis catalyst comprises between 6 and 7
weight percent tungsten oxide. 16. A process of preparing a bifunctional
isomerization-metathesis catalyst for the concurrent isomerization and
metathesis of a mixed butene feed, comprising: 



impregnating a support comprising at least one element from Group IA, HA,
HB, and IIIA of the Periodic Table of the Elements with a catalyst compound
comprising at least one element selected from tungsten, tantalum, niobium,
molybdenum, nickel, palladium, osmium, iridium, rhodium, vanadium,
ruthenium, and rhenium; wherein the catalyst compound element provides
metathesis activity; and wherein an exposed surface area of the support
provides both isomerization activity for the isomerization of 1-butene to
2-butene; and reactive sites for the adsorption of catalyst compound
poisons. 17. The process of claim 16, further comprising calcining the
support prior to the impregnating. 18. The process of claim 16, wherein the
support comprises an oxide, sulfide, nitride, or hydride of the at least
one element from Group IA, HA, HB, and IIIA of the Periodic Table of the
Elements.19. The process of claim 16, wherein the support comprises at
least one of magnesium oxide, calcium oxide, barium oxide, lithium oxide,
sodium oxide, potassium oxide. 20. The process of claim 16, wherein the
support comprises a magnesia-alumina hydrotalcite. 21. The process of claim
16, further comprising contacting the impregnated catalyst with an alkali
metal promoter. 22. The process of claim 21, wherein the alkali metal
promoter comprises at least one of sodium, potassium, lithium, cesium, and
a rare earth element. 23. The process of claim 16, wherein the bifunctional
isomerization-metathesis catalyst comprises between 6 and 7 weight percent
tungsten oxide. 24. The process of claim 16, wherein the catalyst compound
comprises ammonium metatungstate. 25. The process of claim 16, further
comprising activating the bifunctional isomerizationmetathesis catalyst.
26. A process for the production of propylene, the process comprising:
contacting ethylene and a hydrocarbon stream comprising 1-butene and
2-butene with a bifunctional isomerization-metathesis catalyst to
concurrently isomerizes 1- butene to 2-butene and to form a metathesis
product comprising propylene; 



wherein the bifunctional isomerization-metathesis catalyst comprises: a
catalyst compound comprising at least one element selected from aluminum,
gallium, iridium, iron, molybdenum, nickel, niobium, osmium, palladium,
phosphorus, rhenium, rhodium, ruthenium, tantalum, titanium, tungsten, and
vanadium for providing metathesis activity: co-mingled on a microscopic
scale with a catalyst comprising at least one element from Group IA, HA,
HB, and IIIA of the Periodic Table of the Elements; or on a support
comprising at least one element from Group IA, HA, HB, and IIIA of the
Periodic Table of the Elements; wherein the co-mingled catalyst particles
or an exposed surface area of the support provides both isomerization
activity for the isomerization of 1-butene to 2-butene; and reactive sites
for the adsorption of catalyst poisons in the feed.27. The process of claim
26, wherein the support comprises an oxide, sulfide, nitride, or hydride of
the at least one element from Group IA, HA, HB, and IIIA of the Periodic
Table of the Elements. 28. The process of claim 26, wherein the support
comprises at least one of magnesium oxide, calcium oxide, barium oxide,
lithium oxide, sodium oxide, potassium oxide, 29. The process of claim 26,
wherein the support comprises a magnesia-alumina hydrotalcite. 30. The
process of claim 26, wherein the catalyst compound further comprises an
alkali metal promoter to reduce acidity. 31. The process of claim 30,
wherein the alkali metal promoter comprises at least one of sodium,
potassium, lithium, cesium, and a rare earth element. 32. The process of
claim 26, wherein the contacting is conducted in the presence of hydrogen.
33. The process of claim 26, wherein the bifunctional
isomerization-metathesis catalyst comprises between 1 and 25 weight percent
tungsten oxide. 34. A bifunctional isomerization-metathesis catalyst for
the concurrent isomerization and metatheses of a mixed butene feed,
comprising: a catalyst compound comprising at least one element selected
from aluminum, gallium, iridium, iron, molybdenum, nickel, niobium, osmium,
palladium, 



phosphorus, rhenium, rhodium, ruthenium, tantalum, titanium, tungsten, and
vanadium for providing metathesis activity: co-mingled on a microscopic
scale with a catalyst comprising at least one element from Group IA, HA,
HB, and IIIA of the Periodic Table of the Elements; or on a support
comprising at least one element from Group IA, HA, HB, and IIIA of the
Periodic Table of the Elements; wherein an exposed surface area of the
support provides both isomerization activity for the isomerization of
1-butene to 2-butene; and reactive sites for the adsorption of catalyst
poisons in the feed. 35. The catalyst of claim 34, wherein the support
comprises an oxide, sulfide, nitride, or hydride of the at least one
element from Group IA, HA, HB, and IIIA of the Periodic Table of the
Elements. 36. The catalyst of claim 34, wherein the support comprises at
least one of magnesium oxide, calcium oxide, barium oxide, lithium oxide,
sodium oxide, potassium oxide, 37. The catalyst of claim 34, wherein the
support comprises a magnesia-alumina hydrotalcite.38. The catalyst of claim
34, wherein the catalyst compound further comprises an alkali metal
promoter to reduce acidity. 39. The catalyst of claim 38, wherein the
alkali metal promoter comprises at least one of sodium, potassium, lithium,
cesium, and a rare earth element. 40. The catalyst of claim 34, wherein the
bifunctional isomerization-metathesis catalyst comprises between 1 and 25
weight percent tungsten oxide. 41. A process of preparing a bifunctional
isomerization-metathesis catalyst for the concurrent isomerization and
metathesis of a mixed butene feed, comprising: impregnating a support
comprising at least one element from Group IA, HA, HB, and IIIA of the
Periodic Table of the Elements with a catalyst compound comprising at least
one element selected from aluminum, gallium, iridium, iron, molybdenum,
nickel, niobium, osmium, palladium, phosphorus, rhenium, rhodium,
ruthenium, tantalum, titanium, tungsten, and vanadium; wherein the catalyst
compound element provides metathesis activity; and wherein an exposed
surface area of the support provides both 



isomerization activity for the isomerization of 1-butene to 2-butene; and
reactive sites for the adsorption of catalyst compound poisons. 42. The
process of claim 41, further comprising calcining the support prior to the
impregnating. 43. The process of claim 41, wherein the support comprises an
oxide, sulfide, nitride, or hydride of the at least one element from Group
IA, IIA, HB, and IIIA of the Periodic Table of the Elements. 44. The
process of claim 41, wherein the support comprises at least one of
magnesium oxide, calcium oxide, barium oxide, lithium oxide, sodium oxide,
potassium oxide. 45. The process of claim 41, wherein the support comprises
a magnesia-alumina hydrotalcite. 46. The process of claim 41, further
comprising contacting the impregnated catalyst with an alkali metal
promoter. 47. The process of claim 46, wherein the alkali metal promoter
comprises at least one of sodium, potassium, lithium, cesium, and a rare
earth element. 48. The process of claim 41, wherein the bifunctional
isomerization-metathesis catalyst comprises between 1 and 25 weight percent
tungsten oxide. 49. The process of claim 41, wherein the catalyst compound
comprises ammonium metatungstate.50. The process of claim 41, further
comprising activating the bifunctional isomerizationmetathesis catalyst.
51. A process of preparing a bifunctional isomerization-metathesis catalyst
for the concurrent isomerization and metathesis of a mixed butene feed,
comprising: co-mingling a first compound comprising at least one element
from Group IA, HA, HB, and IIIA of the Periodic Table of the Elements with
a catalyst compound comprising at least one element selected from aluminum,
gallium, iridium, iron, molybdenum, nickel, niobium, osmium, palladium,
phosphorus, rhenium, rhodium, ruthenium, tantalum, titanium, tungsten, and
vanadium to form a mixture; forming the mixture into a catalyst particle;
wherein the catalyst compound element provides metathesis activity; and
wherein the first compound element provides both 



isomerization activity for the isomerization of 1-butene to 2-butene; and
reactive sites for the adsorption of catalyst poisons in the feed. 52. The
process of claim 51, wherein the forming comprises at least one of
extruding, shaping, and tabletting. 53. The process of claim 51, wherein
the mixture further comprises at least one binder selected from the group
consisting of silica, clay, titania, zirconia, and alumina. 54. The process
of claim 51, wherein the mixture further comprises at least one of water,
an acid, and a base. 55. The process of claim 51, wherein the bifunctional
isomerization-metathesis catalyst comprises between 1 and 25 weight percent
tungsten oxide. 56. The process of claim 51, wherein the catalyst compound
comprises ammonium metatungstate. 57. The process of claim 51, further
comprising activating the bifunctional isomerizationmetathesis catalyst. 


