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SELFECTIVE HYDROGENATION CATALYSRT AND
METEBODS OF MAKING AND USING SAME

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT
{0001} Not applicable.
REFERENCE TO A MICROFICHE APPENDIX
{6062} Not applicable.
BACKGROUND
Technical Field
[6663) The present disclosure relates to the production of unsaturated hydrocarbons, and
roore particularly to a selective hydrogenation catalvst and methods of making and using same.
Backeround
{6064] Unsaturated hydrocarbons such as cthylene and propylenc are ofien employed as
feedstocks in preparing value added chemicals and polymers. Unsaturated hydrocarbons can
be produced by pyrolysis or steam cracking of hydrocarbons mchiding hydrocarbons derived
from coal, hydrocarbons derived from synthetic crude, naphthas, refinery gases, ethane,
propane, butane, and the hike. Unsaturated hydrocarbons produced in these manners usually
contain small proportions of mghly unsaturated hydrocarbons such as acetylenes and diolefins
that can adversely affect the production of subsequent choroicals and polymers. Thus, to form
an upsaturated hvdrocarbon product such as a polvmer grade monoolefin, the amount of
acetvienes and diclefins in the moncolefin stream 15 typically reduced. For example, in
polymer grade ethyiene, the acetylene content typically s less than about 2 ppm.
[0065] One technique conmmonly used to reduce the amount of acetylenes and diolefins in
an unsaturated hydrocarbon stream prmarily comprisimg monoolefins involves selectively
hydrogenating the acetylencs and diolefins to monoolefing. This process is selective in that
hydrogenation of the moncolefin and the highly unsaturated hydrocarbons to saturated
hydrocarbouns is pummized. For example, the hydrogenation of ethylene or acetylene to ethane

is minimized. An ongoing need exists for improved selective hydrogenation catalysts.

SUMMARY
{6886} Discloged herein is a composition comprising an extruded inorganic support
comprising an oxide of a metal or metalioid, and at least one catalytically active metal, wherein

the extruded inorganic support has pores, a total pore volume, and a pore sive distribution,
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wherein the pore size distribution displays at least two peaks of pore dlameters, each peak
having 2 maxiourg, wherein a first peak has a fust roaxirours of pore diamoters of equal o or
groater than about 120 oo and a second peak has a second maxignim of pore diametors of tess
than about 120 nm, and wherein greater than or oqual fo about 5% of a total pore volume of the
extruded morganic support is contained within the first peak of pore diameters.

{0007) Also disclosed herein 15 a method of preparing a hydrogenation catalyst comprising
extruding a mixture comprising an oxide of a metal or metaliond, a pore former, and water o
form an extrudate, drying the extrudale to form a dried extrudate, caloming the dried extrudate
o from a calcined extrudate, contacting the caleined extrudate with a chlonne-containing
compound to form a chlorided support, redocing the amount of chlonde in the chlonided
support to form a cleaned chlonded support, and contacting the cleaned chlonded support with
a Group 10 metal and a Group 18 metal to form a hydrogenation catalyst, wherein a pore size
distribution for the hydrogenation catalyst displays at least two peaks of pore diameters, cach
peak having a maxionim, and wherein a first peak has a first maximum of pore diameters that 18
oqual to or groater than about 120 nm and a second peak has a second maxivwm of pore
diameters that is less than about 120 om.

{8008} Further disclosed herein 1s an extruded inorganic support comprising an oxide of a
metal or metalloid, wherein the extruded inorganic support displays a pore size distribution for
al least two peaks of pore diameters, each peak having a maximum, wherein a first peak has a
first maxirim of pore diameters of equal o or greater than about 120 nm and a second peak
has a second maxirourg of pore dlameters of fess than about 120 nm, wherein greater than or
aqual to 13% of a total pore volume of the extruded tnorganic support is contalned within the

fiest peak of pore diamoters, and wherein the norganic support has a surface area of from about

[

5 1’/ to about 15 m™/g.

{00409] Further disclosed herein is a method of preparing a hydrogonation catalyst
cormpprising selecting an inorganic support having a multimodal distribution of pore diameters,
wherein at least one distribution of pore diameters comprises pores having a diameter of equal
{0 or greater than about 120 nm, exiruding a muxture comprising the morganic sapport and
water to form an extrudate, drying the extrudate to form a dried extrudate, calcimng the dried
extrudate to from a calcined extrudate, and contacting the calcined extrudate with a Group VI
ractal and a Group 1B metal to form a hydrogenation catalyst.

{0316 Further disclosed herein 18 a method comprising preparing a plurality of extruded
inorganic supports consisting essentially of silica, titania, alununa, or a spinel, plotiing the pore

diameter as a function of a log of differcotial wercury wdrusion for the extruded morganic
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support, and 1dentifying the extruded morganic supports having at least two peaks, each peak
having 2 maxirour, wherein 2 st peak comprises pores with a fivst pore diameter maximoug
equal to or greater than about 120 nm, and wherein the first peak of pore diametors reprosanis

greater than or equal to about 5% of a total pore volume of the extruded inorganic support.

BRIEF DESCRIPTION OF THE DRAWINGS
{6811} For a more complete understanding of the present disclosure and the advantages
thereof, reference 1s now made to the following brief deseription, taken in connection with the
accompanying drawings and detailed description, wherein like reference numerals represent
tike parts.
{6012} Figure | depicts a process flow diagram of an embodiment of a selective
hvdrogenation process.
{0013} Figures 2-6 are plots of the log of differential mercury infrusion as a function of
pore size diameter for the samples from Exanple 1.
{0014] Figure 7 s a plot of the tomperature necessary (o maintain a 90% conversion of
acetylene as a function of time for the samples from Example 1.
{80151 Figure 8 15 a plot of the cthylene selectivity as a funciion of time for the samples

from Example 1.

DETAILED DESCRIPTION

0016} It should be understood at the outset that although an dlustrative implementation of
one or more embodiments are provided below, the disclosed systems and/or methods can be
traplemented using any nuraber of techniques, whether currently known or in existence. The
disclosure should in no way be lodted to the dhstrative mmplementations, drawings, and
tochniguos Ulustrated below, including the exemplary designs and implementations dlustrated
and described herein, but can be modified within the scope of the appended claims along with
their full scope of equivalents.

{8017} Disclosed herein are hydrogenation catalysts comprising a Group 10 metal and a
catalyst support. In an embodiment the calalyst support comprises an oxide of a metal or
metalloid and displays a charactenistic pore size distnibution, Catalysts of the type disclosed
heremn can display a hydrogenation seleciivity that rematns stable over a longer tirae period as
will be described tnroore detadd later hevein

{0018 In an embodiment, the catalyst comprises a support of an oxide of a metal or

metalloid. In an embodiment, the catalyst support coroprises silica, fiania, aluming,
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aluminate, or combinations thereof. Alternatively, the catalyst support consists or consists
essentially of silica, fitania, alumina, alurninate, or conbinations thereot. In an embodiment,
the catalyst support comprises a spinel.  Altomatively, the catalyst support congists or
consists essentially of a spinel. Herein, a spinel refers to any of a class of minerals of genoral
formulation A”'B,"' 04" which crystallize in the cubic (isometric) erystal system, with the
oxide anions arranged in a cubie, close-packed lattice and the cations A and B occupying
some or all of the octahedral and tetrahedral sites in the lattice. Nonlimiling examples of
materials suitable for use n the catalyst supports of this disclosure inchude aluminas, silicas,
titanias, zirconias, alumingsilicates (e.g., clays, cerammcs, and/or zeolites), spinels {e.g., zinc
alominate, zine titanate, and/or magnesium aluminate), or combinations thereof,

[00319] In an embodiment, the catalyst support comprises an aluming, Alternatively the
catalyst support consists or consists essentially of ao alumina. For example, the catalyst
support can comprise, consist of, or consist essentially of an alpha (o)-alumina support. The
o~alumina support can be prepared using any suifable methodology. The alumina support can
mclude additional components that do not adversely affect the catalyst such as zirconda,
sifica, thoria, magnesia, fluoride, sulfate, phosphate, or mixtures thereofl

{626 The catalyst support can have a surface area of from about 1 square meters per

>
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gram (mz,/g), to about 35 n12,"g, or alterpatively of from about 3 m?ﬁ/g fo about 25 m7/g, or
alternatively of from about 5 m™/g to about 15 m*/g. The surface arca of the support can bo
deternuned using any suitable method. An example of a suitable method for determining the
surface arca of the support includes the Brunauer, Emmett, and Teller ("BET™) method,
which measures the quantity of nitrogen adsorbed on the support.

{0821} In an embodiment, a catalyst support of the type disclosed heremn is further
characterized by a total pore volume as measured by differential mercury intrusion in the range
of from about 0.1 co/g to about 0.6 co/g, alternatively from about 6.2 cc/g to about 8.55 co/g.
The pore volume of the support can be measured by a differential mercury intrusion rmethod
such as s described in ASTM UQPS78-0Z, entitled "Automated Pore Volume and Pore Size
Distribution of Porous Substances by Mercury Porostmoetry,” which is incorporated herein by
reference i its entirety.

{0022 In an embodiment the catalyst support, the resullant catalyst, or both of the type
disclosed herein displays a plot of the pore diameter on a logarithmic axis as a fimction of a log
of differential mercury intrusion having two to four peaks corresponding to the presence of at

least two to four distnbutions of pore diameters. Hereinafler, a plot of the pore diameter on a
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logarithroic axis as a function of a log of differential mercury intrusion is referred to as the pore
stze distnbuiion.

{8623 In an embodimend, a catalyst support, the resultant catalyst, or both of the type
disclosed heroin i1s furthor characterized by an at least bimodal pore swe distnbution. In an
embodiment a catalyst support, the resultant catalyst, or both of tho type disclosed herein
displays a pore size distribution having at least two peaks corresponding to the presence of at
least two distributions of pore diameters. The first peak, designated peak A, corresponds to
distribution A and can have a first magimum of pore diameters equal to or greater than about
[20 mm. For example, peak A can have 8 maximum of pore diameters of from about 200 nm to
abowt 9000 nim, alternatively from about 400 nim to about 8000 mmn, or alternatively from about
604 to about 66006.

[0424] The second peak, designated peak B, corresponds to distribution B and can have a
second maximur of pore diameters of less than about 120 nin. For example, peak B canchave a
maximum of pore diameters of from abowt 15 nm to fess than about 120 nm, alternatively from
about 115 nm to about 25 nm, or alternatively from about 115 nm to about 30 nm. Examples of
peak A and peak B are identified in Figures 3-6.

{30251 In an embodiment, the distance between the maximum of peak A and the
maximum of peak B is at least about 400 nm, alternatively at least 500 nm, alternatively from
about 400 nm o about 3900 nm, or alternatively from about 400 nm to about 2900 nm. Inan
embodiment peak A, peak B, or both is non-Gaussian, 1o an embodiment, peak A is non-
Gaussian and displays a peak width at half height that 18 greater than the peak width at half
hieight of peak B.

[0426] In an embodiment greater than or equal to about 5% of the total pore volume of the
catalyst support, the resultant catalyst, or both is contained within paak A, altematively greater
than or equal to about 10% of the total pore volume of the catalyst support is contained within
peak A, or alternatively greater than or equal to about 15% of the total pore volume of the

7
i

catalyst support is contained within peak A, In an ombodiment from about 5% to about 75% of
the total pore volume of the catalyst support, the resuliant catalyst, or both s contained within
peak A, alternatively from abowt 10% to about 60% of the total pore volume of the catalyst
support 1s contamned within peak A, or alternatively from about 15% o about 40% of the total
pore volume of the catalyst suppoit is contained within peakl A, In an ernbodiment less than or
equal 1o about 95% of the total pore volume of the catalyst support, the resultant catalyst, or

both is contained within peak B, aliervatively loss than or equal to about 50%, alternatively less

than or equal to about 85%. In an eobodiment from about 95% to about 25% of the total pore
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volume of the catalyst support, the resultant catalyst, or both is contained within peak B,
alterpatively from about 90% 1o about 40% of the total pore volume of the catalyst support is
contained within peak B, or alternatively from about 85% to abowt 60% of the fotal pore
volume of the catalyst support 18 contained within peak B.

{0027} In an embodiment, a catalyst support of the type disclosed herein is formed from a
mixture comprising an oxide of a metal or metalloid, a pore former, and water which are
contacted to form an extrudate. The nuxture can also include a pore former (also known as a
pore generator) which can be any compound that can be mixed with the above components and
that 1s combustible upon heating thereby producing voids.  This pore generator helps o
mamtam and/or increase the porosity of the catalyst support composition. Examples of such
pore gencrators include, but are not hmited to, cellulose, cellulose gel, microcrystalline
cellulose, methyl cellulose, winc stearate, flours, starches, modified starches, graphite,
polymers, carbonates, bicarbonates, microcrystaliine wax, or mixtures thereof. The amount of
the pore gonerator component used in this disclosure 18 in the range of about 0.1 to about 2!

weight percent (wt.%) based on the total weight of the components (1.1-1.5). Aliernatively, the
amount ranges from about 1 wi.% to about 10 wt.%% alternatively from about 3 wt.% to about 6
wi.%%. Variation in raw malerials, such as particle size and particle morphology of the alumina
used, can impact porosity and pore size distribution.

[3028] In an embodiment, the mixfire can be formed mnto any suitable shape. Methods for
shaping particles include, for example, extrusion, spray drying, pelletizing, agglomenization, ol
drop, and the hike. In an embodiment, the mixture is formed into an extrudate, for example as
described 10 U.S. Pateat Nos., 5,558,851 and 5,514,362, cach of which are incorporated herein
i their entirety. In an eorsbodieent, the ouxiure further comprises an oxtrusion aid. An
extrusion aid can function to woprove the rbheology of the mixture, This improvement in the
rheology of the mixture can function o improve How of the mixiure through the extrusion die.
Improved flow through the extrusion die can lead to easier equipment start-up, smoother
extrusion, faster processing, lower extrusion pressures, and mmproved product appearance.
Extrusion aids, their effective amounts and methods of incorporation into the mixture can be
varied and selecled according to ordinary skill in the art. Hereafter, the shaped mixture exiting
a die, with any composition or any form, will be referred to as the “green extrudate.”

16029] Excess water from the green extrudate can be removed by drving to form a dried
graen exirudate prior to further processing. Conventional methods for dryving wet solids can be
used to dry the green extrudate, and can include, for example drying in air or an oert gas such

as nitrogen or belivm,  The air or inert gas can be circulating, moving, or static. Drving
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feraperatures can range from about 2060°F to about 400°F, altornatively from about 200°F o
about 300°F, altomatively from about 225°F to about 275°F. Drying firnes can range fom
equal to or greater than about 1 hour, alternatively from about | hour to about 10 hours,
alternatively from about 2 hours to about § hours.

[0430] In an embodirnent, the dried green extrudate can be calcined to form a calcined
oxtruded catalyst support. Calcination ternperatures can range from about S00°F 1o about
I500°F, alternatively from about 700°F fo about 1400°F, alieroatively from about B30°F o
about 1300°F, Calcination times can range from about 0.5 to about 12 hours, alternatively from
about 1 to about 6 hours. In such embodiments, the calcination can be carried out m an oxygen
contatmng atmosphere.  As used herein, “dry” air refers to air having a dew pomt of less than
about -40°F. The calcined extruded catalyst support can be divectly used 1o a catalyst
preparation or can be further processed according to the following description,

{6031} In an embodiment, a method of preparing a selective hydrogenation catalyst
compriges condacting a calcined extruded catalyst support of the type disclosed herein with a
chlorine-containing coropound. The chlonine-containing compound can be a gas, a liquid, or
combinations thereof. An embodiment comprises comtacting the catalyst support with a liquid
chlorine-containing compound to create a chlorided catalyst support.  Such a lipud can
comprise at foast one chlorine-containing compound.  In some embodiments, the hiquid
chlorine-containing compound to which the inorganic catalyst support can be exposed to create
the chlorided catalyst support include, but are not Hmited to, hydrochloric acid; alkaline metal
chloride; alkaline earth chloride; chiorobydrocarbons; compounds described by the formmda
NHRRWERR7HCL where R, R, B, and R™ 15 methyl, ethyl, propyl, butyl, or any
combination thereof and v, w, X, v, z can be 0 to 4 provided viwix+ytz = 4; or combinations
thereof. In some embodirents, the alkaline metal chionde can coraprise potassim chionde,
sodium chloride, lithium chloride, or combinations thersof., In some embodiments, the alkaline
carth chioride can comprise calciim chloride, banum chloride, or combinations thereof. In
some embodiments, compounds described by the foromla N(H R R RV R ICE can comprise
ammoenium  chlonde, methyl  ammonium  chlonde,  tetramethylammonium  chlonde,
tetracthylammonium chloride, or combinations thereof. Chloro-hydrocarbons as used herein
can comprise compounds containing 1-10 carbons wherein there is at least one substitution of
hydrogen for chlorine. In some embodiments chloro-hydrocarbons comprise compounds
described by the formula CCLH, (where x + y = 4); compounds described by the formula

CIOLH, (where x 4 y = 6); or combinations thercof. In some embodiments compounds
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described by the fonmula CCLH, comprise carbon tetrachloride, dichloromethane, or
corobinations thereof. In some embodimends, compounds describad by the formula C,CLH,
comprise trichlorocthane, fn an ombodiment, the biquid chiorine-containing compound
comprises potassium chloride in sohition.

{0032] The calcined oxtruded catalyst support can be contacted with the liguid chlorine-
containing compound in any suitable manner. In an embodiment, the method used to contact a
calcined extruded catalyst support with a liguid chlonne-containing compound can be incipient
weiness impregnation. During mcipient wetness tmpregnation, the pores of the support become
substantially filled with the haquad chlorine-containing compound. Other contacting methods
such as soaking can also be employed to contact the calcined extruded catalyst support with the
tiqud chlorine-containing compound to create a chlorided catalyst support.

{80333 An alternative embodiment comprises mitially contacting the caleined exitruded
catalyst support with a zascous chiorine-containing compound to create a chiorided catalyst
support. In some embodiments, the chlorine-containing compounds that can be omployed as
gases inctude, but are not imited to, hydrogen chloride gas, chlorine gas, CCOLH, (where x +y
=4}, CCLH, (where x + y = 6}, or combinations thereof. In another embodiment, the gaseous
chlorine-containing compounds are obtained by heating a volatile chloro-hydrocarbon or
mixture thercofl

{8034} A method used o contact a caleined extruded catalyst support with a gaseous
chlorine-contatning compound can be accomplished by heating the calcined extruded catalyst
support m the presence of a gaseous chlorine-containing corapound and optionally o the
presence of oxygen, water, nitrogen, hydrogen or suxiures thereof to create a chlorided catalyst
support.  In an embodiment, the calcined extruded catalyst support can be contacted with a
zaseous chlorine-containing compound at temperatures of from about 306°C to about 856°C
for from abowut 0.2 to about 20 hours.

{0035] The amount of chlorme-containing compound deposited on the calcined extruded
catalyst support is controlled independently of the contact method, whother by hiquid
contacting, gas phase contacting, or combination thereof, The contacling method can deposit
an amount of chlorine-containing compound such that the chlonded catalyst sapport, 1e., the
calcined extruded catalyst support after exposure to a chlorine-containing compound, corprises
from about 20 wt.% to about 0.001 wi.% chlorine based on a total weight of the chiorided
catalyst support, altornatively from about 10 wit.% fo about (.01 wt.% chiorine, altematively

from about 2 wi.% to about 0.05 wi.% chlorine.
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0136} Afler the caleined extruded catalyst support has been contacted with the chlorine-
containing coropound to creats the chiorided catalyst support, the chiorided catalyst support can
be removed from contact with the chiorine-condaining coropound aod processed 1o remove
from the chlonded catalyst support unwanted cloments such as an amount of chlorine-
containing compound, decomposition products thereof, or other unwanted clements 1o create a
clean chlorided catalyst support and otherwise prepare the chlorided catalyst support for furthor
processing to produce a selective hydrogenation catalyst. Removing an amount of chlorine-
contaiming  compound and/or any other unwanted elements can occor via a wash, via
vaporization, or combinations thereof, depending, for example, on the type of chlorine-
contarmng compound invoelved. The vaporization can be accomplished at a teroperature of
frore about 300°C to about 850°C for from about 0.2 to about 20 hours.  After processing, the
clean chlorided catalyst support can comprise from about § fo about 2000 ppm by weight of
chlorine; altematively, can comprise from about | o about 1200 ppm by weight of chionng;
alternatively, from about 2 to about 80 ppm by weight of chlorine; alternatively, from about 3
{0 about 20 ppm, alternatively less than abowt 2 ppm by weight of chlorine with respect fo the
support.

{80371 In an embodiment, a chlonded catalyst support produced by contact with a liguid
chlorine-containing compound can be exposed to an elevated temperatare of from abowt 50°C
to about 850°C for from about 1.5 to about 20 howurs to dry and/or calcine the chlorided catalyst
support, thereby producing a cleaned chlonded catalyst support. In some erabodumnents, an
optional washing step can follow the exposure to an elevated teroperature.  For exaraple, the
support can be washed with water at temperatures of from about 20°C to about 160°C for from
about 1 minule fo about 2 howrs. In an embodiment, the washing utibizes hot distilled or
deionized wator and occurs afier drving and/or calcining. Pollowing the washing step, the
chlorided catalyst support can optionally undergo another exposure to an elevated temperature
of from about 50°C to about 900°C for from about 0.5 1o about 20 hours to remove any
unwanted moisture.

{8038} In ancther embodiment, a chlorided catalyst support produced by contact with a
gaseous chlorine-containing compound can be cleaned via vaporization or washing or a
combination thereof 1o remove an amount of chlorine-containing compound, decornposition
products thercof, or other unwanted clements. In an embodiment, affer contacting the catalyst
support with the gasecus chlonoe-containing compound, flow of the gasoous chiorne-
containing coropound is siopped, and the gaseous treated chilorided catalyst support can be

continued 10 be heated and/or calcined by exposure fo an ¢lovated teroperature tn the absence of
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the gaseous chivrine-contaiming compound 1o produce a cleaned chlorided catalyst support,
Exposure {0 an clevated feroporature can occur i the presence of oxygen, water, nifrogen and
muxiures thereof for less than or equal 1o about 18 hours. This vaporization removal siep can
be optionally followed by exposing the chlonided catalyst support with a heated stream of gas
froe of the chionne-containing compound to further remove any unwantod elements. After
processing, the cleaned chlorided catalyst support can comprise from about § to about 2000
ppm by weight of chlorme; alternatively, can comprise from about | to about 1206 ppm by
weight of chloring; alternatively, from about 2 o about &0 ppm by weight of chlorine;
allernatively, from about 3 to about 20 ppm, alternatively less than about 2 ppm by weight of
chlorine with respect to the support.

160391 In an embodiment, a method of preparing a8 hydrogenation catalyst comprises
sclecting an inorganic support having a nwltimodal distrbution of pore diameaters. In an
embedirent, at teast one distribution of pore diameters comprises pores havieg a diameter of
equal to or groater than about 120 nm. The selected support can then be treated as a catalyst
support of the tvpe disclosed herein and subjected o the processing disclosed herem {e.g.,
drying, calciming, chioriding).

{60401 In an embodiment, a method of preparing a seleclive hydrogenation catalyst
comprises contacting a cleaned chlonded catalyst support of the type disclosed herein with at
{east one catalytically active metal, alternatively palladium. The palladium can be added to the
cleaned chlonded catalyst support by contacting the cleaned chlorided catalyst support with a
palladium-containing compound o form a palladiwo supported composition as will be
described i more detadl later herern. Examples of suifable palladium-containing compounds
iclude wihout  lLmditation  palladivn chioride, palladiin nilrate,  ammonium
hexachloropalladate, amomonivro tetrachiopaliadate, palladiven acetate, paliadivm bromide,
palladium iodide, tetraammuncpalladium nitrate, or combinations thereof, In an embodiment,
the palladium-containing compound i a component of an acuieous solution.  An example of
palladium-containing solution suiiable for use in this disclosure mcludes without imitation a
solution comprising palladivmm metal.

{8041} In an embodiment, palladiom is present in the mixtore for preparation of a selective
hydrogenation catalyst i an amourt of Fom about 0.005 wt.% to about 2 wit.%, alternatively
from about 0.005 wi.% to about [ wi.% or aliernatively from about 0.005 wi.% o abowt
(.5wt.% based on the total catalyst weight,

{0042} In an crobodiment, a method of preparing a selective hydrogenation catalyst can

initiate with the contacting of cleaned chlorided catalyst support with a palladiurs-containing
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compound to form a supported palladium compuosition. The contacting can be carried out using
any suitable technique. For example, the cleaned chionded catalyst support can be contacted
with the palladivm-confaining compound by soaking, or inciplont wetness imprognaiion of the
support with a palladium-containing sclution.  In such embodiments, the resulting supported
palladium composition can have greater than about 90 wi.%, altematively from abowt 92 wi.%
o about 98 wt.%, alternatively from about 94 wt.% to about 96 wi.% of the palladium
concentrated near the periphery of the palladiom supported composition, as to form a palladium
skin. In an embodiment, the cleaned chloride catalyst support is contacted with the palladium-
containing solution by soaking the support in the palladivm-containing solution.

{0043} The palladiom skin can be any thickness as long as such thickoess can promote the
hydrogenation processes disclosed herein, Generally, the thickness of the palladium skin can
be in the range of from about | micron to about 3000 microus, aliernatively from about 5
roicrons to about 2000 microns, altematively frome about 10 microns to about 1600 gucrons,
alternatively from about 30 microns to about 500 microns. Examples of such methods are
further described in more details in ULS. Patent Nos. 4,404,124 and 4,484,015, each of which s
ncorporated by reference herein i its entivety.

{8044} Any suitable method can be used for determining the concentration of the palladium
in the skin of the palladivm supported composition and/or the thickness of the skin. For
example, one method involves breaking open a representative sample of the palladivm
supported composition particles and treating the palladium supported coroposition particles
with a dilute alcoholic solution of N N-dimethyl-para-nitrosoaniline.  The treating solution
reacts with the palladium to give a red color that can be used o evaluate the distribution of the
palladium. Yet another technigue for measuring the concentration of the palladivr n the skin
of the palladivmn supported composition nvolves breaking open a represendative sample of
catalyst particles, followed by treating the particles with a reducing agent such as hydrogen o
change the color of the skin and thereby evaluate the distribution of the palladium.
Alternatively, the palladiim skin thickoess can be deterouned using eclectron probe
microanalysis,

{8045} The supported palladiom composition formed by contacting the cleaned chlorided
catalyst support with the palladivm-containing solution optionally can be dried at a femperature
of from about 15°C o abowt 150°C, altematively from about 30°C o abowt 100°C,
alternatively from about 60°C to about 160°C; and for a period of from about 8.1 hour o about
106 bours, alternatively form abowt (1.5 hour to about 20 hours, alternatively frora about | hour

to about 10 hours. Alternatively, the palladivro supported coraposition can be calcined. This
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calctmng step can be carried owl at teraperatures up to about 850°C, alternatively of from about
150°C to about §00°C, altematively from about 15306°C to about 750°C, alterpatively from about
F50°C to abowt 700°C; and for a period of from about 0.2 bour 1o about 20 hours, altematively
from about (.5 hour to about 20 hours, alternatively from about 1 hour to about 10 hours.

[0046] In an embodiment, the selective hydrogenation catalyst can further comprise one or
more selectivity enhancers. Suitable selectivity enhancers include, but are not lunited to, Group
B metals, Group 1B metal compounds, silver compounds, fluorine, fluoride compounds,
salfur, sulfur compounds, alkali metals, allali metal compounds, alkaline metals, alkaline metal
compounds, 1odine, todide compounds, or combinations thereof In an embodiment, the
selective hydrogenation catalyst comprises one or more selectivity enhancers which can be
presert in total m the mixture for preparation of the selective hydrogenation catalyst in an
amount of from about 0.001 wi.% to about 10 wt.% based on the total weight of the selective
frydrogenation catalyst, alternatively from about §.01 wi% to about 5 wi.%, alternatively from
about 0.01 wt.% to about 2 wt.%. The amount of selectivity enhancer incorporated mio the
selective hydrogenation catalyst can be in the range described herein for the amount of
solectivity enhancer used to preparc the selective hydrogenation catalyst,

[0847] In an embodiment, the selectivity enhancer comprises silver (Ag), silver
compounds, or combinations thereof. Examples of suilable silver compounds mclude without
Iimitation sifver nitrate, silver acetate, silver bromude, sitver chioride, silver 1odide, silver
fluoride, or combinations thereof, In an embodiment, the selectivity enhancer comprises silver
mtrate. The selective hydrogenation catalyst can be prepared using silver nitrate in an amount
of from about 0.005 wt.% to about 5 wit.% stiver based on the total weight of the selective
hydrogenation catalvst, aliernatively from about §.01 wt.% to about 1 wt.% siiver, aliernatively
from about 0.05 wt.% to about 0.5 wt.%. The amount of silver incorporated info the selective
hydrogenation catalyst can be in the range described herein for the amount of silver nitrate used
{0 prepare the selective hydrogenation catalyst.

{0048] In an embodiment, the seloctivity enhancer comprises alkali metals, alkali metal
compounds, or combinations thereof, Examples of suitable alkali metal compounds include
without Hnntation elemental alkali metal, alkali metal halides {e.g., alkali metal flooride, alkali
metal chloride, alkali metal bromide, alkali metal 1odide), alkali metal oxides, alkali metal
carbonate, alkall metal sulfate, alkall metal phosphate, alkali metal borate, or combinations
thereof. In an embodumnent, the seloctivity enhancer comprises potassium fluoride (KF). In
another embodiment, the selective hydrogenation catalyst is preparaed using an afkali metal

compound in an amount of from about (.01 wi.% 1o about 5 wit.% based oo the total weight of
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the selective hydrogenation catalyst, alternatively from about §.03 wi% to about 2 wi%,
alterpatively from about (.05 wi.% to abowt 1 wi%. The amount of alkali metal mncorporated
o the selective hydrogenation catalyst can be in the range described herein for the armaount of
alkali metal compound used to prepare the selective hydrogenation catalyst,

{0049] In some embodiments, one or more selectivity enhancers of the type described
previously herein can be added to the supported palladium composition. In an embodiment,
sitver can be added to the supported palladivm composition.  For example, the supported
palladium composition can be placed i an agueous silver mitrate solution of a quantity greater
than that necessary to fill the pore volume of the composition. The resulting material i3 a
palladiumy/silver supported composition (herein this particular embodiment of the selective
hydrogenation catalyst is referred 0 as 3 Pd/Ag composition). The Pd/Ag composition may be
dried and/or calcined as previously described berein.

{6050] In an cmbodiment, one or more alkali metals can be added to the Pd/Ag
composition using any suifable technique such as those described previously herein. In an
embodiment, the selectivity enhancer comprises potassium fluoride, and the resulting material
is a palladium/silver/alkali metal fluonde supported composition (herem this particular
embodiment of the selective hydrogenation catalyst 1s referred to as 8 P/Ag/KF composition),
{8051} In an embodiment, the supported palladiom composition 1s contacted with both an
alkali metal halide and a silver compound. Contacting the supported palladivm composition
with both an alkali metal halide and & silver compound can be camed out sumultaneously;
alternatively the contacting can be carried out sequentially in any user-desired order,

{0052} In an embediment, a selective hydrogenation catalyst formed i accordance with the
methods disclosed herein comaprises an o-alumina support of the fype disclosed herein,
palladium, and one or more selectivity enhancers, {2.g., silver and/or potassiurn fluoride). The
selective hydrogenation catalyst (Pd/Ag, PA/KF, and/or the PA/Ag/KE/ compositions) can be
dried fo form a dried selective hydrogenation catalyst. In some embodiments, this drying step
can be carried out at a temperature in the range of from about 0°C to about 150°C, alternatively
from about 30°C to about 100°C, alternatively from about 30°C (o about 80°C; and for a peried
of from about 0.1 hour to about 100 hours, alternatively from about 0.5 hour o about 20 hours,
allernatively from about 1 hour to about 10 howrs.

053] The dried selective hydrogenation catalyst can be reduced using hydrogen gas or a
hydrogen gas containing feed, o.g., the feed streamn of the selective hydrogenation process,
thereby providing for optimim operation of the selective hydrogenation process.  Such a

gascous hvdrogen reduction can be carried out at a temperature in the range of from, for
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example, about 0°C to about 400°C, alternatively 20°C to about 300°C, or aliernatively about
36°C to about 250°C.

{0054 In an crobodiment, a seloctive hydrogenation catalyst of the type disclosed herain
can catalyze a sclective hydrogenation process. In some embodiments a sclective
hydrogenation catalyst of the type disclosed herein 1 used m conjunction with one or more
conventional hydrogenation catalysts o catalyze a seloctive hyvdrogenation process. In such
embodiments having a convenlional hydrogenation catalyst and a selective hydrogenation
catalyst of the type disclosed herein, the selective hydrogenation catalyst may be present in an
ameunt that comprises greater than about 50% of the total amount of hydrogenation catalyst
present duning the selective hydrogenation process, Alternatively greater than abowt 70% or
allernatively greater than about 85%. Herein, the phrase “conventional hydrogenation
catalysts” refers to hydrogenation catalysis that lack a catalyst support of the type disclosed
herein,

{0055] The selective hydrogenation catalyst can be contacted with an unsaturated
hydrocarbon stream primarily containing unsaturated hydeocarbons, e.g., ethylene, but also
containing a highly unsaturated hydrocarbon, e.g., acetylene. The contacting can be executed
in the presence of hydrogen at conditions effective to selectively hydrogenate the highly
wnsabirated hydrocarbon to an unsaturated hydrocarbon.  In an embodiment, the selective
hydrogenation catalysts of the type disclosed herein are used m the hydrogenation of highly
unsaturated  hydrocarbons  such as  for example and  withowt lmitation  acetyiene,
methylacetylene, propadiene, butadiene or combinations thereofl  As used herein, a highly
unsaturated hydrocarbon is defined as a bydrocarbon containing a triple bond, two conjugated
carbon-carbon double bonds, or two cumulative carbon-carbon double bonds. As used herein,
an unsaturated hvdrocarbon is defined as a hydrocarbon containing an isolated carbon-carbog
double bond. Figure 1 illustrates an embodiment of a hyvdrogenation process that utilizes a
selective hydrogonation catalyst of the type disclosed hercin.  The hydrogenation process
ncludes feeding an unsaturated hydrocarbon stream 10 and a hvdrogen (Ho) stream 20 to a
hydrogenation reactor 30 within which the selective hydrogenation catalyst 15 disposed. The
unsaturated hydrocarbon stream 10 primanily comprises one or more unsaturated hydrocarbons,
but 1t can also contain one or more highly unsaturated hydrocarbons such as for example and
withowt Hmutation acctylene, methylacetylene, propadiene, and butadicnc.  Alicrnatively,
unsaturated hydrocarbon stream 10 and hydrogen stream 20 can be combioed in a stogle stroam

that is fod to hydrogenation reactor 30,
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0056} In an embodument, reactor 30 1s a selective hydrogenation reactor that can belong to
an acetylene romoval unit of an unsaturated hydrocarbon production plant i a backend
configuration, As used herein, “backend” refers fo the location of the acetylene remaoval unit in
an unsaturated hydrocarbon production unit that receives the lower boiling fraction from a
deecthanizor fractionation tower that receives the higher boiling fraction from a demcthanizer
fractionation tower which receives a feed from an unsaturated hydrocarbon production process.

{8057} In an embodiment, reactor 30 15 a selective hydrogenation reactor that can belong o
an acetylene removal unit of an unsaturated hydrocarbon production plant m a frontend
decthanizer configuration. As used herein, “frontend deethanizer” refers to the location of the
acetylene removal unit in an snsaturated hydrocarbon production unit that receives the lower
boiling fraction frorn a deethanizer fractionation tower that receives a feed from an unsaturated
hydrocarbon production process.

{0058} In an crobodiment, reactor 30 s a selective hydrogenation reactor that may belong
{0 an acetylene removal unit of an unsaturated hydrocarbon production plant in a frontend
depropanizer configuration. As used herein, “frontend depropanizer” rofers to the location of
the acetylene removal unit in an unsaturated hydrocarbon production unit that receives the
lower boiling fraction from a8 depropanizer fractionation tower that receives a feed from an
mnsatirated hydrocarbon production process.

{8059 In an embodiment, reactor 30 1s a selective hydrogenation reactor that can belong to
an acetylene removal vmt of an unsaturated hydrocarbon production plant i a raw gas
configuration. As used herein, “raw gas” refers to the location of the acetylene removal unit in
an unsaturated hydrocarbon production uoit that receives a feed from an unsafurated
hydrocarbon production process without any intervening byvdrocarbon fractionation.

{0060} It is understood that hydrogesation reactor 30, and likewise the sclective
hydrogenation catalysts disclosed herem, are not limited to use in backend acetylene removal
units, frontend decthanizer units, frontend depropanizer, or raw gas units and can be used m
any process whorein a highly unsaturated hydrocarbons contained within an unsaturated
hydrocarbon stream is selectively hydrogenated to a unsaturated hydrocarbon. In frontend
deethanizer units, frontend depropanizer, or raw gas units, the unsaturated hydrocarbon stream
10 contains sufficient quantities of hydrogen for the bydrogenation reaction, and a hydrogen
strearn 20 may becorne unnecessary for the reaction.

[061] In those embodiments whercin the acetylene removal unit is 1o a backend
configuration, the highly uvosaturated bydrocarbon being fod o the bydrogenation reactor 36

comprises acetylene.  The mole ratic of the bydrogen to the acetylens being fod to
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hydrogenation reactor 30 can be in the range of from about 0.1 {o about 10, alternatively from
about 0.2 to about 5, alternatively from about 0.5 to about 4.

{08362 In those embodiments wherein the acetviene regwoval unit 5 1 a front end
deothanizer, front-end dopropanizer or raw gas configuration, the highly unsaturated
hydrocarbon being fed to the hydrogenation reactor 30 comprises acetylene. In such an
embaodiment, the mole ratio of the hyvdrogen to tho acetylene being fed to the hydrogenation
reactor 30 can be in the range of from about 10 to about 3000, alternatively from about 10 to
about 2000, alternatively from about 10 to about 1500,

[0663] In those embodiments wherein the acetylene removal unit is in a front-end
depropanizer or raw gas configuration, the highly unsaturated hydrocarbon being fed to the
hydrogenation reactor 30 comprises methyiacetylene, In such an embodiment, the mole ratic
of the bydrogen to the methylacetylene being fed fo the hydrogenation reactor 30 can be i the
range of from about 3 to about 3000, alternatively from about § to about 2000, alternatively
from about 16 to about 1500.

{0064] In those embodiments wherein the acetviene removal unit is in a front-end
depropanizer or raw gas configuration, the highly unsaturated hydrocarbon being fed to the
hydrogenation reactor 30 comprises propadiens. In such an embodiment, the mole ratio of the
hydrogen to the propadiene being fed to the hydrogenation reactor 30 can be m the range of
from about 3 to about 3000, alternatively from about 5 to about 2000, alternatively from about
£0 w about 1560,

[8065] In another embodiment, reactor 30 can represent a pluralidy of reactors.  The
pluralidy of reactors can optionally be separated by a means o remove heat produced by the
reaction. The plurality of reactors can opticnally be separated by a means o control indet and
sfflucnt flows from reactors or heat removal means allowing for individual or alternatively
groups of reactors within the plurality of reactors to be rogenerated.  The selective
hydrogenation catalyst can be amanged in any suilable configuration within hydrogenation
reactor 30, such as a fixed catalyst bed. Carbon monoxide can also be fed o reactor 30 via a
separate stream {not shown), or it can be combined with hydrogen stream 20. In an
embodiment, the amount of carbon monoxide being fed to reactor 30 during the hydrogenation
process 18 {ess than about .15 roele percent (mol.%) based on the total moles of fluid being fed
to reactor 30,

{0066} Hydrogenation reactor 30 can be operated at conditions effective to selectively
frydrogenate highly unsaturated hydrocarbouns 1o one or more unsaturated hydrocarbons upon

contacting the selective hydrogenation catalyst in the presence of the hydrogen, The conditions
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are desirably effective o maximize hydrogenation of highly wosaturated hydrocarbons to
unsaturated hydrocarbons and to minimize bydrogonation of highly unsaturated hydrocarbons
to saturated hyvdrocarbons. In some embodiments, acetvlene can be selectively hydrogenated to
othylene.  Alternatively methylacotylone can be selectively hvdrogenated to propylene;
alternatively propadiene can be selectively hydrogenated to propylene. Altematively,
butadiene can be selectively hydrogenated 10 butenes. In some embodiments, the tomperature
within the hydrogenation zowe can be in the range of from abowt 5°C to about 300°C,
alternatively from about [0°C to about 250°C, alternatively from about 15°C to about 200°C.
In some embodiments, the prossure within the hydrogenation 7one can be in the range of from
about 15 (204 kPa) to about 2,060 (13,890 kPa) pounds per square inch gauge (psig),
alternatively from about 50 psig (446 kPa) to about 1,500 psig (10,443 kPa), alternatively from
about 100 psig (790 kPa) to about 1,000 psig (6,996 kPa).

{8067} Referring back to Figure [, an effluent stream 40 compnsing unsaturated
hydrocarbons, including the one or more monoolefing produced i hydrogenation reactor 30,
and any unconverted reactants exit hydrogenation reactor 33, In an embodiment where
hydrogenation reactor 30 is in a backend acetylene rerooval unit configuration, offluent stream
40 primarily comprises ethylene comprises less than about 5 ppm, alternatively less than about
I ppro of highly uosaturated hydrocarbons. o embodiments wharein hydrogenation reactor 30
is m a frontend decthanizer, frontend depropanmizer, or raw gas acetylene removal unit
configuration, offluent strcam 40 primarily comprises othvlene comprises less than about 5
ppr, alternatively less than about 1 ppm of acetylene, while other highly unsaturated
hydrocarbons such as methylacetylene or propadiene comprises less than about 50600 ppm,
alternatively less than about 4000 ppm.

{8068} In an embodiment, a selective hydrogenation catalyst of the type described herein
cant have a comparable catalytic activity when compared to an otherwise simidar catalyst
lacking a catalyst support of the type described herein. For example, a selective hydrogenation
catalyst of this disclosure can have at least one performance property that is improved when
coropared 1o an otherwise similar catalyst. To an crobodiment, a selective hydrogenation
catalyst of this disclosure has an optimal balance of desirable properties. For example, a
selective hydrogenation catalyst of the type disclosed herein has a catalylic activity or clean up
temperature comparable to an otherwise similar catalyst, The comparable catalytic activity can
translate to a comparable clean up temperature. Hereinafier, an otherwise similar catalyst refers
o a selective hydrogenation catalyst comprising an morganic catalyst support, palladium and

one or more selectivily enhancers but lack a catalyst support of the type disclosed heren.
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Herein, the cleanup temperatore is referred to as Tl and refers to the tomperature at which the
acetylene concentration drops below 20 ppo in the offiuent when processing a representative
frontend decthanizer, frontend depropanizer, or raw gas acetviene removal unit feed stream
compprising unsaturated hydrocarbon and highly umsaturated hydrocarbons such as acetylenes
and diclefins. Determinations of T1 are described in more detall for example in U.S. Patent
Nos. 7,417,007 and 6,417,136, cach of which are incorporated herein in their entirety. In an
embodiment, a selective hydrogenation catalyst of the type disclosed heremn can bave a T1 of
from about 50°F to about 160°F, alternatively from about 85°F to about 150°F, altematively
from about 90°F to about 140°F for fresh catalyst. In an embodiment, a selective hydrogenation
catalyst of the type descnbed heremn can display a selectivity window that 1s increased when
compared to an otherwise sumilar catalyst lacking a catalyst support of the type described
herein. Herein, a selectivity window refeors to the reaction time period over which the catalyst
displays a desired selectivity for a specified reaction. For exagple, a selective hyydrogenation
catalyst of the type disclosed herem when employed as a catalyst in acetylene hydrogenation
reactors can display a selectivity window for ethylene of egual 1o or greater than about 200
hours, alternatively equal to or greater than about 250 hours, or altematively equal to or greater
than about 300 howrs. The selectivity window of selective hydrogenation catalysis of the type
disclosed herein can be increased by equal to or greater than about 50%, alternatively equal to
or greater than about 75%, or alternatively equal to or greater than about 100% when compared
1o an otherwise sumilar catalyst lacking a catalyst support of the type disclosed herein.
Alternatively, the selectivity window of selective hydrogenation catalysts of the type disclosed
heretn can be increased by equal to or greater than about 50%, alternatively equal to or greater
than about 75%, or altematively equal to or greater than abowt 100% when compared to an
otherwise identical catalvst lacking a catalyst support of the type disclosed herein.

{0069] In an ombodiment, a seloctive hydrogonation catalyst of the type disclosed heroin
can have an operating window of from about 35°F to about [20°F, alternatively from about
40°F to about B0°F, or altomatively from about 45°F to about 60°F. Tho operating window of a
selective hydrogenation catalyst of the type described herein can be increased by greater than
about 10%, alternatively greater than about 15%, alternatively greater than about 20% when
compared to an otherwise sumilar catalyst propared in the absence of catalyst support of the
type described hercin,  Alternatively, the operating window of a selective hydrogenation
catalyst of the type described herein can be increased by greater than about 10%, altermatively
greater than about 15%, alternatively greater than about 20% when compared to an otherwise

derdical catalyst prepared in the absence of catalyst support of the type described heroin, An
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operating window (AT) is defined as the difference between a runaway teraperature {(T2) at
which 3 wt.% of ethviene is hvdrogenated from a foedstock comprising bighly unsaturated and
unsaturated hydrocarbons, and the cleanup temperature {T1). AT is a convenient measure of
the catalysts selectivity window and operation stability 1 the hydrogenation of highly
unsaturated hydrocarbons {2.g., acetylene) 1o wnsaturated hydrocarbous {e.g., ethylene). The
more seloctive a catalyst, the higher the teoperature beyond T1 required to hydrogenate a given
unsaturated hvdrocarbons (e.g., othylene). The T2 15 coincident with the toraperature at wiach
a high probability of runaway cthylene hvdrogenation reaction could exist in an adiabatic
reactor. Therefore, a larger AT translates to a more selective catalyst and a wider operation
window for the complete acetylene hydrogenation.

{0678 In an embodiment a method comprises providing 8 catalyst support of the type
disclosed herein and utilizing the catalyst support to form a selective hydrogenation catalyst,
The sclective hydrogenation catalyst can be further processed into a packaged product
containing or associated with written material. In some embodiments, the written material
can provide mformation on the selectivity window of a selective hydrogenation catalyst
formed from a catalyst support of the type disclosed berein alone or in comparison to a
setective hydrogenation catalyst propared in the absence of a catalyst support of the type
disclosed berein. In some embodiments, the written matenal can provide instructions and/or
recommendations for utilization of the selective hydrogenation catalyst in one or more
applications. For example, the written material can indicate the selective hydrogenation
catalyst formed from a catalyst support of the type disclosed herein (o.g., having a bimodal
distribution of pore diameters) is suitable for use i applications where a broader selecuvity

window is desirable.

EXAMPLES
10671} The disclosure having been generally described, the following examples are given
as particular embodiments of the disclosure and fo demounstrate the practice and advantages
thereof. ¥ is understood that the exaraples are given by way of illusiration and are not intended
to timit the specification of the claims to follow in any manner.
Example 1
{8072] This example illustrates the preparation of varicus palladium-containing catalyst
compositions to be used in a hydrogenation process. Catalysts A thru E were prepared as
follows: The o-alomina support having a surface area ranging from 5 mz./g to 12 mz/g Was

supplicd by BASF. The support was then chlornide-treated, followed by the addition of
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Tables 1, 2, and 3 summarize the physical

properties of catalysts A thru E. Figures 2-6 show the pore size distribution from mercury

porosimetry for catalysts A thru E. The dashed lines represent the sample distnbutions while

the solid line represents percentage cunuilative intrusion.

Table 1

Surface
Pd Ag

Catalyst Form ) Avea
(ppm} | {(ppm) ()

A extrudate 252 1718 957

B extrudate 284 2482 8§12

C exfrudate 308 1869 8.57

D peliet 267 1840 6871

B extrudate 307 1889 11.22

Petlets were ~dmm x 4Amim extrudates were ~3mm x 3mm

! By Brupauer, Emmett, and Teller method

Table 2

! By Brunauer, Emmett, and Teller method

! By ASTM UOP357%-02

RANGE 1 RANGE 2 RANGE 3 RANGE 4
Catafyst Pore size %5 total Pore size Y5 total Pore size %Y total Pore size % total
Diameler range pove Diameter pove Diameler range pore Dismeter range pose
[ Y] volame yapge volame [ Y] Vol [ET:)] VOl uae
(o)
A 29736 10 2000 0.51 - - 200610 43 94.29 451010 57
B 2140% 10 2,000 6.15 2000 10 332 1932 3321035 80.53
C 21449 10 230 247 - - 2301030 74.56 3¢t 10 0.74
D 21464 10 280 23.9 - -~ 28010 30 76.1 -~ -
B 21468 to 280 17.53 28010 36 76.87 36t 10 56
Table 3
Surfnce Area | Pore vohuue
Catalyst Form i
TN oyl
{m/g) {ec/zy

A extrudate 9.57 0.326

B extrudate 8.12 (1.344

C exirudate 8.57 0.253

D pellet 671 0.212

E extrudate 1122 0.265
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Example 2

[06731 Catalyst performance tuns were made as follows: About 20 ol of catalyst was
mixed with 40 mL of alundum and placed in a stainless steel jacketed reactor tube having a
0.692 inch mer diameter and a length of about 18 inches. The catalyst resided in the vuddle
of the reactor and both ends of the reactor were packed with about 10 mL of alundum. The
reaction temperature was controlled by circulating ethylene glycol through the jacket of the
reactor wbe. The catalyst was then activated with hydrogen at a flowrate of 200 mL/min at
atmospheric pressure at the listed temperature for two hours. The catalyst was then contacted
with the feed gas (approximately: 13 wt.% methane, 85.8 wi.% cthylene, 1.2 wt.% acetylene,
and 0.1 wt.% hydrogen) at about 913 mU/min at 200 psig. Some runs used a higher hydrogen
conceniration and arc noted likewise. The reaction temperature was adjusted to vield an
acetylene cooversion of about 90%. Conversion 8 referred fo as the disappearance of
acetylene. Gas analysis was performed by gas chromatography using a KCL-ALOs PLOT
columm. Figure 7 shows the temperature noeded to maintain a 90% conversion of acetylene
as a function of time. Figure 8 shows the selectivity to ethylene as a function of time.
{00744 The selectivity (sel) o ethylene was also calculated using the following set of
equations, where “C,” represents butane, butenes and butadiene and where “heavies” refer to
hydrocarbons having more carbon atoms than Ca

selectivity to ethane = (weight of ethane made/weight of acetylene consumedy* 100

selectivity to Cy's = {weight of Ci's made/weight of acetylene consumedy* 100

selectivity &0 heavies = (weight of beavies made/weight of acetylene consumedy* 100

selectivity to ethylene = 100 — sel. to ethane — sel. to C,"s — sel. to heoavies
{0875} The results demounstrate that while all the catalysts displayed good activity as
indicated by the comparable temperatures at time zero, catalysts of the type disclosed herein
(i.e., catalysis C, D, and E) displaved a leveling of the adjusied tomperature, Figure 7. This 1o
contrast to catalysis A and B which do not have a catalyst support with a pore distribution of
the type disclosed herein. In the case of catalysis A and B, the temaperature begins to mcrease
toward the end of the nin, Further, referring to Figure 8, with regards to selectivity catalysts C,
D, and E displayed an mncreased selectivity as indicated by a plateay 1o selectivity over the tirpe
period mvestigated. In contrast, catalysis A and B show a dechine in selectivity after about 150
bowrs,  Catalvsts C, b, and E are selective hydrogenation catalysis baving a pore sive
distribution, specifically the presence of the peak arcund 1,000 nin in the pore size distribution

while catalysts & and B do not bave this peak.



WO 2013/134065 PCT/US2013/028597

3
(8]

ADDITIONAL EMBODIMENTS

[0676] The foliowing enumerated embodiments are provided as non-limiting examples:

1. A composition comprising:
an oxtruded inorganic support comprising an oxide of a metal or metalloid; and
at least one catalytically active metal,
wherein the extruded inorganic support has pores, a total pore volume, and a pore size
distribution; wherein the pore size distribution displays at least two peaks of pore
diameters, each peak having a maximum; wherein a first peak has a first maximum of
pore diameters of equal o or greater than about 120 nm and a second peak has a
second maxtrour of pore diameters of less than about 120 om; and wherein greater
than or equal to about 5% of a total pore volume of the extruded 1norganic support is

contained within the first peak of pore diameters,

]

The composition of erobodiment 1 wherein the first maxiowm of the first peak of pore

diameters is from about 200 om to about 9000 om.

3. The composition of embodiment | or 2 wherein greater than or equal to about 10% of
the total pore volume of the exiruded morganic support is contained within the first
peak of pore diameters.

4. The composition of embodiment 1 or 3 wherein the first maximum of the first peak of

pore digmeters is from about 400 mmm to about 8000 nm.

i~

The composition of embodunent 4 wherein greater than or equal to about 15% of the
total pore volume of the extruded inorgamc support is contained within the first peak of
pore diameters.

6. The composition of any preceding embodinent wheroin the oxide of a wmetal or

metalloid consists essentially of silica, fifania, alununa, or aluminate.

4

The composition of embodimment 1, 2, 3, 4, or 5 wherein the oxide of a metal or

metalloid consists essentially of a spinel.

8. The composition of any preceding embodiment having a surface area of from about 1
m2/g to about 35 m/g.

9. The composition of any preceding embodiment having a total pore volume of from
about .1 cc/g to about 0.6 co/g as determined by differential mercury intrusion.

£0. The composition of any preceding embodiment wherein the distance between the first

maximum of the first peak and the second maximum of the second peak is at least about

400 .
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20,

[
[

The cornposition of any preceding erobodiment wherein the first peak is non-Gaussian
and has a peak width at half height that is greater than the peak width at half height of
the second peak.

The composition of any preceding embodiment further comprising a halide.

The composition of any preceding emboediment further comprising a Group 10 metal.
The composition of any preceding embodiment further comprising a Group 18 metal.
The composition of any preceding embodiment further comprising chlonide.

A method of preparing a hydrogenation catalyst comprising:

extruding 8 mixiure comprising an oxide of a metal or metalloid, a pore former, and
water 1o form an extrudate;

drving the extrudate to form a died extrudate;

calcining the dried extrudate to from a calcined extrudate;

contacting the calcined extrudate with a chdorine-contfaining compound to forgt a
chlorided support;

reducing the amount of chloride in the chlovided support to form a cleaned chiorided
support; and

contacling the cleaned chionded support with a Group 10 metal and a Group 1B metal
to form a hydrogenation catalyst,

wherein a pore size distribution for the hydrogenation catalyst displays at least two
peaks of pore dlameters, cach peak having a maxioun, and wherein a first peak has a
first maximuorn of pore diameters that 18 equal to or greater than about 120 nm and a
second peak has a second maxigwinm of pore diarneters that is less than about 120 om,
The method of ersbodiment 16 wherein the calcined extrudate, the chiorided support,
the cleaned chiorided support, or the hydrogenation catalyst has a sucface area of from
about 1 m/g to about 35 m%g.

The method of embodiment 16 or 17 wherein the calcined extrudate, the chiorided
support, the washed chlorided support, or the hydrogenation catalyst has a total pore
volume of from about 0.1 c¢/g to about 0.6 ¢c/g as determined by differential mercury
ntrusion.

The method of embodiment 16, 17, or 18 wheretn the extrudate consists essentially of
silica, titania, alumina, or aluminate.

The method of embodiment 16, 17, or 18 wheretn the extrudate consists essentially of

alpha alumioa.

PCT/US2013/028597
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21, The method of embodiment 16, 17, 18, 19, or 20 wherein greater than or equal to 5% of
a total pore volume of the hydrogenation catalyst is contained within the ficst peak of

pore diameters.

2
[Rv]

An exiruded inorganic support comprising an oxide of a metal or motalloid, wherein a
pore size distribution for the extruded morganic support displays at least two peaks of
pore diameters, cach peak having a maximum; wherein a first peak has a fiest maximoum
of pore diameters of equal (o or greater than about 120 nm and a second peak has a
second maximum of pore diameters of less than about 120 nm; wherein greater than or
equal to 15% of a total pore volume of the extruded mmorganic support is contained
within the first peak of pore diameters; and wherein the worganic support has a surface

area of from about 3 m‘z/g 1o about 15 o

/
I, g-
&

e
23

A method of prepaniog a hydrogenation catalyst comprising:

selecting an morganic support baving a multimodal distribution of pore diameters,
wherein at least one distribution of pore diameters comprises pores having a diametor of
equal to or greater than about 120 nim;

extruding a mixture comprising the inorganic support and water to form an extrudate;
drying the extrudate to form a dried exirudate;

calciming the dried extrudate to from a calcined extrudate; and

contacling the calcined extrudate with a Group VI metal and a Group I8 metal o
form a hydrogenation catalyst.

24, The method of embodiment 23 frther compnsing contacting the caleined extrudate
with a chiorine-containing compound o forme a chlorided support; comtacting the
chiorided support with a wash solution to forn a washed chlonded support; confacting
the washed chlovided support with the Group VHE metal and the Group 18 matal ©

form the hydrogenation catalyst,

2
=

A method for selectively hydrogeonating a highly unsaturated hydrocarbon to a less
unsaturated hydrocarbon in an olefin rich hydrocarbon stream comprising introducing
o a reactor a hydrocarbon flnd stream comprising a highly unsaturated hydrocarbon
in the presence of hydrogen and a catalyst composition under conditions effective o
convert the highly unsaturated hydrocarbon (0 2 less unsaturated hydrocarbon,

wherein at least 50% of the catalyst composition comprises the hydrogenation catalyst
produced according to embodiment 23,

26, A method comprising:
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preparing a plurality of extruded inorganic supports consisting essentially of silica,
titania, aluroina, or a spinel;

plotting the pore diameter as a function of a log of differcutial morcury intrusion for the
extruded inorganic support; and

identifying the oxtruded inorganic supports having at least two peaks, each peak having
a maximum, wherein a first peak comprises pores with a first pore diameter maximoum
equal to or greater than aboul 120 nm, and wherein the first peak of pore diameters
represents greater than or equal to about 5% of a total pore volume of the extruded

norganic sUpport.

27 The method of crabodiment 26 further comprising marketing the extruded worganic
supports for use o preparing a selective hydrogenation catalyst,

28, A bvdrogenation catalyst comprising a Group 10 metal, a Group 1B metal and at least
one of the identified extruded inorganic suppotts of any preceding embodiment,

29, A packaged product comprising least one of the identified extruded wmorganic supports
of any preceding embodiment and written material describing use of the identified
extrudod inorganic supports in tho preparation of hydrogenation catalysts having a
reduced fouling rate.

{06771 While embodiments of the invention have been shown and described, modifications

thereof can be made by one skilled in the art without departing from the spirit and teachings of
the wvention, The embodiments described herem are exemplary ondy, and are not intended to
be lintting. Many vanations and modifications of the invention disclosed herein are possible
and are within the scope of the tnvention. Where numerical ranges or limiations are expressly
stated, such oxpross ranges or lmitations should be understood o include terative ranges or
funitations of like magnitude faliing within the expressiy stated ranges or lroiiations {e.g., fom
about 1 to about 10 nchudes, 2, 3, 4, otc.; greater than (.10 inchudes 011, 0.12, 0.13, ete.). Use
of the term "oplionally” with respect to any clement of a claim is intended to mean that the
subject element s required, or alternatively, is not required. Both alternatives are intended to
be within the scope of the claim. Use of broader terms such as comprises, mchudes, having, ete.
should be understood o provide support for narrower terms such as consisting of, consisting
essentially of, comprised substantially of, etc.

{6078} Accordingly, the scope of protection is not hmited by the description set out above
but s only Lmited by the claims which follow, that scope tochiding all equivalents of the
subject matier of the claimos, Each and every claim is incorporated info the specification as an

embodiment of the present inveotion. Thus, the claims are a further description and are an
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addition to the embodunents of the present mvention. The disclosures of all patents, patent
applications, and publications cited herein are hereby incorporated by reference, to the extent

that they provide exemplary, procedural or other details supplementary to those set forth herein.
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CLAIMS

What is claimed is:

1. A composition comprising:
an extruded inorganic support comprising an oxide of a metal or metalloid; and
at least one catalytically active metal,
wherein the extruded inorganic support has pores, a total pore volume, and a pore sivze
distribution; wherein the pore size distribution displays at least two peaks of pore
diameters, each peak having a maximum; wherein a first peak has a first maximuom of
pore diameters of equal o or greater than about 120 nm and a second peak has a
second maximum of pore diameters of less than about 120 om; and wherein greater
than or equal to about 5% of a total pore volume of the extruded 1norganic support is

contained within the first peak of pore diameters.

]

The composition of claim 1 wherein the fisst maximmum of the fiest peak of pore

diameters 1s from about 200 om to about 9000 om.

3. The composition of clatm | or 2 wherein greater than or equal to about 10% of the total
pore volume of the extruded imorganic support is contaimed within the first peak of pore
diameters.

4, The composition of claim 1 or 3 wherein the Hrst maximum of the first peak of pore

diameters 15 from about 400 nm o abowt 8000 nm.

i~

The composition of claim 4 wherein greater than or equal to abowt 15% of the total pore
volume of the extruded morganic support 18 contained within the first peak of pore
diameters,

6. The composition of any preceding claim wherein the oxide of a metal or metallod

consists esseatially of silica, titania, alumiea, or aluminate,

o~

The composition of claim 1, 2, 3, 4, or 5 wherein the oxide of a metal or metalloid

consists essentially of a spinel.

8. The composition of any preceding claim having a surface area of from about 1 m2/g to
about 35 mz/g.

9. The composition of any preceding claim having a total pore volume of from about §.1
co/g to about 0.6 oc/g as determined by differential mercury mtrusion,

0. The composition of any preceding claim wherein the distance between the first

maxiomum of the first peak and the second maximum of the second peak is at least about

400 not
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The composition of any preceding claim wherein the first peak is non-Gaussian and has
a peak width at half beight that (s greater than the peak width at half height of the
sacond peak.

The composition of any preceding clam further comprising a halide.

The composition of any preceding claim further comprising a Group 10 metal,

The composition of any preceding clamm further comprising a Group 18 metal.

The composition of any preceding claim further comprising chloride.

A method of prepaning a hydrogenation catalyst comprising:

extruding a mixture comprising an oxide of a8 metal or metalloid, a pore former, and
water 1o form an extrudate;

drying the extrudate fo form a dried extrudate;

calcining the dred extrudate to from a calcined extrudate;

contacting the calcined exirudate with a chlorine-contaiming compound to forgy a
chiorided support;

reducing the amount of chionide in the chlorided support to form a cleaned chlorided
support; and

contacting the cleaned chlonded support with 8 Group 10 metal and a Group 1B metal
{o form a hydrogenation catalyst,

wherein a pore size distribution for the hydrogenation catalyst displays at least two
peaks of pore diameters, each peak having » maximurm, and wherein a first peak has a
first maximeure of pore diameters that 18 equal to or greater than about 120 nm and a
second peak has a second maxinwim of pore diameters that 1s fess than about 120 om,
The method of claim 16 wherein the calcined extrudate, the chlorided support, the
cleaned chionded support, or the hydrogenation catalyst has a surface area of from
about 1 m?/g to about 35 mg.

The method of claim 16 or 17 wherein the calcined extrudate, the chionided support, the
washed chlorided support, or the hydrogenation catalyst has a total pore volume of from
about 0.1 c¢/g to about 0.6 co/g as determined by differential mercury intrusion.

The method of clam 16, 17, or 18 wherein the extrudate consists essentially of silica,
titania, alumina, or aluminate.

The method of claim 16, 17, or 1& wherein the extrudate consists essentially of alpha

alununa.

PCT/US2013/028597
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21, The method of claim 16, 17, {8, 19, or 20 wherein greater than or equal to 5% of a total
pore volume of the hydrogenation catalvst ts contained within the first peak of pore

diameters.

2
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An exiruded inorganic support comprising an oxide of a metal or motalloid, wherein a
pore size distribution for the extruded morganic support displays at least two peaks of
pore diameters, cach peak having a maximur; wherein a first peak has a ficst maximum
of pore diameters of equal (o or greater than about 120 nm and a second peak has a
second maximum of pore diameters of less than about 120 nm; wherein greater than or
equal to 15% of a total pore volume of the extruded mmorganic support is contained
within the first peak of pore diameters; and wherein the worganic support has a surface

area of from about 3 m‘z/g 1o about 15 o
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A method of prepaniog a hydrogenation catalyst comprising:

selecting an morganic support baving a mulfimodal distribution of pore diameters,
wherein at least one distribution of pore diameters comprises pores having a diameter of
equal Lo or greater than about 120 nim;

extruding a puxiure comprising the inorganic support and water to form an extrudate;
drying the extradate to form a dried extrudate;

calcining the dried extrudate o from a calcined extrudate; and

contacting the calcined extrudate with a Group VIH metal and a Group B metal to
form a hydrogenation catalyst.

24, The method of claim 23 further comprising contacting the calcined extrudate with a
chlorine-containing comapound o form a chiorided support; contacting the chiorided
support with a2 wash solution to form a washed chiorided support; contacting the
washed chlorided support with the Group VI metal and the Group 18 metal & form

the hydrogenation catalyst.

2
=

A method for selectively hydrogonating a highly unsaturated hydrocarbon to a less
unsaturated hydrocarbon i an olefin rich hydrocarbon stream comprising introducing
mto a reactor a hydrocarbon fluid stream comprising a highly unsaturated hydrocarbon
in the presence of hydrogen and a catalyst composition under conditions effective o
convert the highly unsatorated hydrocarbon to a less unsaturated hydrocarbon,

wherein at least 50% of the catalyst composition comprises the hydrogenation catalyst
produced according fo claim 23,

26, A method comprising:
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preparing a plurality of extruded inorganic supports consisting essentially of silica,
titania, aluroina, or a spinel;

plotting the pore diameter as a function of a log of differcutial mercury indrusion for the
extruded inorganic support; and

identifying the oxtruded inorganic supports having at least two peaks, each peak having
a maximum, wherein a first peak comprises pores with a first pore diameter maximoum
equal to or greater than aboul 120 nm, and wherein the first peak of pore diameters
represents greater than or equal to about 5% of a total pore volume of the extruded

norganic sUpport.

27 The method of claima 26 further comprising marketing the extruded wnorganic supports
for use in preparing a selective hydrogenation catalyst,

28, A bvdrogenation catalyst comprising a Group 10 metal, a Group 1B metal and at least
one of the identified extruded inorganic suppotts of any preceding claim,

29, A packaged product comprising least one of the identified extruded wmorganic supports

of any preceding claim and written material deseribing use of the identified extruded
morganic supports in the preparation of hydrogenation catalysts having a reduced

fouling rate.



