SELECTIVE HYDROGENATION CATALYST AND
METHODS OF MAKING AND USING SAME

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT
[0001] Not applicable.
REFERENCE TO A MICROFICHE APPENDIX
[0002] Not applicable.
BACKGROUND

Technical Field

[0003] The present disclosure relates to the productionnshturated hydrocarbons, and
more particularly to a selective hydrogenation lgataand methods of making and using same.
Background

[0004] Unsaturated hydrocarbons such as ethylene and Iprapwre often employed as
feedstocks in preparing value added chemicals ahangrs. Unsaturated hydrocarbons can
be produced by pyrolysis or steam cracking of hgaroons including hydrocarbons derived
from coal, hydrocarbons derived from synthetic efudaphthas, refinery gases, ethane,
propane, butane, and the like. Unsaturated hydsona produced in these manners usually
contain small proportions of highly unsaturatedrogdrbons such as acetylenes and diolefins
that can adversely affect the production of subsefjchemicals and polymers. Thus, to form
an unsaturated hydrocarbon product such as a polgnaele monoolefin, the amount of
acetylenes and diolefins in the monoolefin streamtypically reduced. For example, in
polymer grade ethylene, the acetylene contentajlpics less than about 2 ppm.

[0005] One technique commonly used to reduce the amoumtaif/lenes and diolefins in
an unsaturated hydrocarbon stream primarily commgrisnonoolefins involves selectively
hydrogenating the acetylenes and diolefins to mi@fiog. This process is selective in that
hydrogenation of the monoolefin and the highly tmsded hydrocarbons to saturated
hydrocarbons is minimized. For example, the hydnagjon of ethylene or acetylene to ethane
is minimized. An ongoing need exists for improgetective hydrogenation catalysts.

SUMMARY
[0006] Disclosed herein is a composition comprising anrueled inorganic support
comprising an oxide of a metal or metalloid, antkast one catalytically active metal, wherein
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the extruded inorganic support has pores, a tas polume, and a pore size distribution,
wherein the pore size distribution displays attléa® peaks of pore diameters, each peak
having a maximum, wherein a first peak has a firakimum of pore diameters of equal to or
greater than about 120 nm and a second peak f®adsmaximum of pore diameters of less
than about 120 nm, and wherein greater than or égyaéout 5% of a total pore volume of the
extruded inorganic support is contained withinfitet peak of pore diameters.

[0007] Also disclosed herein is a method of preparing dgrégyenation catalyst comprising
extruding a mixture comprising an oxide of a metametalloid, a pore former, and water to
form an extrudate, drying the extrudate to fornriaddextrudate, calcining the dried extrudate
to from a calcined extrudate, contacting the caltirextrudate with a chlorine-containing
compound to form a chlorided support, reducing @n@ount of chloride in the chlorided
support to form a cleaned chlorided support, amdambing the cleaned chlorided support with
a Group 10 metal and a Group 1B metal to form adgehation catalyst, wherein a pore size
distribution for the hydrogenation catalyst disglat least two peaks of pore diameters, each
peak having a maximum, and wherein a first pealalfast maximum of pore diameters that is
equal to or greater than about 120 nm and a sepeak has a second maximum of pore
diameters that is less than about 120 nm.

[0008] Further disclosed herein is an extruded inorgamppert comprising an oxide of a
metal or metalloid, wherein the extruded inorgasupport displays a pore size distribution for
at least two peaks of pore diameters, each peakdhavmaximum, wherein a first peak has a
first maximum of pore diameters of equal to or tge¢ghan about 120 nm and a second peak
has a second maximum of pore diameters of lessahant 120 nm, wherein greater than or
equal to 15% of a total pore volume of the extrusheiganic support is contained within the
first peak of pore diameters, and wherein the ianigsupport has a surface area of from about
5 nf/g to about 15 Atg.

[0009] Further disclosed herein is a method of preparindnydrogenation catalyst
comprising selecting an inorganic support havimgutimodal distribution of pore diameters,
wherein at least one distribution of pore diametersprises pores having a diameter of equal
to or greater than about 120 nm, extruding a m&woemprising the inorganic support and
water to form an extrudate, drying the extrudatéoto a dried extrudate, calcining the dried
extrudate to from a calcined extrudate, and conguthe calcined extrudate with a Group VI
metal and a Group 1B metal to form a hydrogenataialyst.

[0010] Further disclosed herein is a method comprisingpgieg a plurality of extruded

inorganic supports consisting essentially of sjlidania, alumina, or a spinel, plotting the pore
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diameter as a function of a log of differential mewy intrusion for the extruded inorganic
support, and identifying the extruded inorganicpufs having at least two peaks, each peak
having a maximum, wherein a first peak comprisegpwith a first pore diameter maximum
equal to or greater than about 120 nm, and whéheirfirst peak of pore diameters represents

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

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] For a more complete understanding of the presexttodure and the advantages
thereof, reference is now made to the followingfdescription, taken in connection with the
accompanying drawings and detailed description,r@hdike reference numerals represent
like parts.
[0012] Figure 1 depicts a process flow diagram of an ennbext of a selective
hydrogenation process.
[0013] Figures 2-6 are plots of the log of differentialrmey intrusion as a function of
pore size diameter for the samples from Example 1.
[0014] Figure 7 is a plot of the temperature necessamdmtain a 90% conversion of
acetylene as a function of time for the samplesfitxample 1.
[0015] Figure 8 is a plot of the ethylene selectivity afiction of time for the samples

from Example 1.

DETAILED DESCRIPTION
[0016] It should be understood at the outset that alth@mgitiustrative implementation of
one or more embodiments are provided below, theladisd systems and/or methods can be
implemented using any number of techniques, whetheently known or in existence. The
disclosure should in no way be limited to the iitave implementations, drawings, and
techniques illustrated below, including the exempldesigns and implementations illustrated
and described herein, but can be modified withengtope of the appended claims along with
their full scope of equivalents.
[0017] Disclosed herein are hydrogenation catalysts caimgria Group 10 metal and a
catalyst support. In an embodiment the catalyppsu comprises an oxide of a metal or
metalloid and displays a characteristic pore sig&idution. Catalysts of the type disclosed
herein can display a hydrogenation selectivity teatains stable over a longer time period as

will be described in more detail later herein.
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[0018] In an embodiment, the catalyst comprises a suppioan oxide of a metal or
metalloid. In an embodiment, the catalyst supmmmprises silica, titania, alumina,
aluminate, or combinations thereof. Alternativelye catalyst support consists or consists
essentially of silica, titania, alumina, aluminade,combinations thereof. In an embodiment,
the catalyst support comprises a spinel. Altevesti the catalyst support consists or
consists essentially of a spinel. Herein, a spiefrs to any of a class of minerals of general
formulation A"B,**0,% which crystallize in the cubic (isometric) crys&lstem, with the
oxide anions arranged in a cubic, close-packedtcéatind the cations A and B occupying
some or all of the octahedral and tetrahedral sitethe lattice. Nonlimiting examples of
materials suitable for use in the catalyst suppoirtihis disclosure include aluminas, silicas,
titanias, zirconias, aluminosilicates (e.g., clage,amics, and/or zeolites), spinels (e.g., zinc
aluminate, zinc titanate, and/or magnesium alurajnatr combinations thereof.

[0019] In an embodiment, the catalyst support comprisealamina. Alternatively the
catalyst support consists or consists essentidllgnoalumina. For example, the catalyst
support can comprise, consist of, or consist egdgnof an alpha ¢)-alumina support. The
a-alumina support can be prepared using any suitabtbodology. The alumina support can
include additional components that do not adversdfgct the catalyst such as zirconia,
silica, thoria, magnesia, fluoride, sulfate, phagphor mixtures thereof.

[0020] The catalyst support can have a surface area of &bout 1 square meters per
gram (nf/g), to about 35 fig, or alternatively of from about 3%g to about 25 fig, or
alternatively of from about 5 g to about 15 fig. The surface area of the support can be
determined using any suitable method. An examp&esuitable method for determining the
surface area of the support includes the Brunademnett, and Teller (“BET”) method,
which measures the quantity of nitrogen adsorbethersupport.

[0021] In an embodiment, a catalyst support of the typsclosed herein is further
characterized by a total pore volume as measuretifieyential mercury intrusion in the range
of from about 0.1 cc/g to about 0.6 cc/g, altex@dyi from about 0.2 cc/g to about 0.55 cc/g.
The pore volume of the support can be measured diffesential mercury intrusion method
such as is described in ASTM UOP578-02, entitledttnated Pore Volume and Pore Size
Distribution of Porous Substances by Mercury Ponesiy,” which is incorporated herein by
reference in its entirety.

[0022] In an embodiment the catalyst support, the reduttatalyst, or both of the type
disclosed herein displays a plot of the pore diamet a logarithmic axis as a function of a log

of differential mercury intrusion having two to fopeaks corresponding to the presence of at
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least two to four distributions of pore diametekdereinafter, a plot of the pore diameter on a
logarithmic axis as a function of a log of diffei@hmercury intrusion is referred to as the pore
size distribution.

[0023] In an embodiment, a catalyst support, the resultatdlyst, or both of the type
disclosed herein is further characterized by ateast bimodal pore size distribution. In an
embodiment a catalyst support, the resultant cgttaby both of the type disclosed herein
displays a pore size distribution having at leagt peaks corresponding to the presence of at
least two distributions of pore diameters. Thetfpeak, designated peak A, corresponds to
distribution A and can have a first maximum of pdrameters equal to or greater than about
120 nm. For example, peak A can have a maximuno@ giameters of from about 200 nm to
about 9000 nm, alternatively from about 400 nmitoua 8000 nm, or alternatively from about
600 to about 6000.

[0024] The second peak, designated peak B, corresportisttibution B and can have a
second maximum of pore diameters of less than al#fuhm. For example, peak B can have a
maximum of pore diameters of from about 15 nm $s kaan about 120 nm, alternatively from
about 115 nm to about 25 nm, or alternatively fadmut 115 nm to about 30 nm. Examples of
peak A and peak B are identified in Figures 3-6.

[0025] In an embodiment, the distance between the maxinof peak A and the
maximum of peak B is at least about 400 nm, alterslst at least 500 nm, alternatively from
about 400 nm to about 3900 nm, or alternativelynfedoout 400 nm to about 2900 nm. In an
embodiment peak A, peak B, or both is non-Gaussienan embodiment, peak A is non-
Gaussian and displays a peak width at half hetggit is greater than the peak width at half
height of peak B.

[0026] In an embodiment greater than or equal to aboubb#te total pore volume of the
catalyst support, the resultant catalyst, or bstbontained within peak A, alternatively greater
than or equal to about 10% of the total pore volwinthe catalyst support is contained within
peak A, or alternatively greater than or equal loud 15% of the total pore volume of the
catalyst support is contained within peak A. Ineambodiment from about 5% to about 75% of
the total pore volume of the catalyst support,rémiltant catalyst, or both is contained within
peak A, alternatively from about 10% to about 60Pthe total pore volume of the catalyst
support is contained within peak A, or alternagviebm about 15% to about 40% of the total
pore volume of the catalyst support is containetthiwipeak A. In an embodiment less than or
equal to about 95% of the total pore volume ofdhtalyst support, the resultant catalyst, or

both is contained within peak B, alternatively ld#ssn or equal to about 90%, alternatively less
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than or equal to about 85%. In an embodiment fabwut 95% to about 25% of the total pore
volume of the catalyst support, the resultant gatalor both is contained within peak B,
alternatively from about 90% to about 40% of thialtpore volume of the catalyst support is
contained within peak B, or alternatively from ab@&%% to about 60% of the total pore
volume of the catalyst support is contained witteak B.

[0027] In an embodiment, a catalyst support of the tygeldsed herein is formed from a
mixture comprising an oxide of a metal or metalladpore former, and water which are
contacted to form an extrudate. The mixture cao adclude a pore former (also known as a
pore generator) which can be any compound thabeanixed with the above components and
that is combustible upon heating thereby producingls. This pore generator helps to
maintain and/or increase the porosity of the catadypport composition. Examples of such
pore generators include, but are not limited tdjulose, cellulose gel, microcrystalline
cellulose, methyl cellulose, zinc stearate, floustsarches, modified starches, graphite,
polymers, carbonates, bicarbonates, microcrystaliax, or mixtures thereof. The amount of
the pore generator component used in this dis@osuin the range of about 0.1 to about 25
weight percent (wt.%) based on the total weighthefcomponents (1.1-1.5). Alternatively, the
amount ranges from about 1 wt.% to about 10 wtiératively from about 3 wt.% to about 6
wt.%. Variation in raw materials, such as partgilee and particle morphology of the alumina
used, can impact porosity and pore size distributio

[0028] In an embodiment, the mixture can be formed intpsantable shape. Methods for
shaping particles include, for example, extrussgpnay drying, pelletizing, agglomerization, oil
drop, and the like. In an embodiment, the mixiariormed into an extrudate, for example as
described in U.S. Patent Nos. 5,558,851 and 5,624&ach of which are incorporated herein
in their entirety. In an embodiment, the mixturetlier comprises an extrusion aid. An
extrusion aid can function to improve the rheolafythe mixture. This improvement in the
rheology of the mixture can function to improvewlof the mixture through the extrusion die.
Improved flow through the extrusion die can leadessier equipment start-up, smoother
extrusion, faster processing, lower extrusion press and improved product appearance.
Extrusion aids, their effective amounts and methafdscorporation into the mixture can be
varied and selected according to ordinary skithia art. Hereafter, the shaped mixture exiting
a die, with any composition or any form, will béered to as the “green extrudate.”

[0029] Excess water from the green extrudate can be ramoyelrying to form a dried
green extrudate prior to further processing. Catigaal methods for drying wet solids can be

used to dry the green extrudate, and can inclaideeXample drying in air or an inert gas such
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as nitrogen or helium. The air or inert gas cancibeulating, moving, or static. Drying
temperatures can range from about O about 40T, alternatively from about 20P to
about 300F, alternatively from about 225 to about 279-. Drying times can range from
equal to or greater than about 1 hour, alternatiiem about 1 hour to about 10 hours,
alternatively from about 2 hours to about 5 hours.

[0030] In an embodiment, the dried green extrudate canab@ned to form a calcined
extruded catalyst support. Calcination temperatwan range from about 560 to about
1500F, alternatively from about 70B to about 140T, alternatively from about 8%B to
about 1300F. Calcination times can range from about 0.5tmua12 hours, alternatively from
about 1 to about 6 hours. In such embodiments;dlanation can be carried out in an oxygen
containing atmosphere. As used herein, “dry” efens to air having a dew point of less than
about -40°F. The calcined extruded catalyst suppan be directly used in a catalyst
preparation or can be further processed accorditiggtfollowing description.

[0031] In an embodiment, a method of preparing a seledtydrogenation catalyst
comprises contacting a calcined extruded catalyspat of the type disclosed herein with a
chlorine-containing compound. The chlorine-contajncompound can be a gas, a liquid, or
combinations thereof. An embodiment comprisesamiintg the catalyst support with a liquid
chlorine-containing compound to create a chloridathlyst support. Such a liquid can
comprise at least one chlorine-containing compound. some embodiments, the liquid
chlorine-containing compound to which the inorgaratalyst support can be exposed to create
the chlorided catalyst support include, but arelinated to, hydrochloric acid; alkaline metal
chloride; alkaline earth chloride; chlorohydrocarbpcompounds described by the formula
NHRWR'xR”"yR™)CI, where R, R’, R”, and R™ is methyl, ethyl, gy, butyl, or any
combination thereof and v, w, X, y, z can be 0 fwavided v+w+x+y+z = 4; or combinations
thereof. In some embodiments, the alkaline mdikdricdle can comprise potassium chloride,
sodium chloride, lithium chloride, or combinatiahereof. In some embodiments, the alkaline
earth chloride can comprise calcium chloride, barichloride, or combinations thereof. In
some embodiments, compounds described by the farhid,R.,R'xR” yR™ ;)Cl can comprise
ammonium chloride, methyl ammonium chloride, tew#mlammonium chloride,
tetraethylammonium chloride, or combinations thereGhloro-hydrocarbons as used herein
can comprise compounds containing 1-10 carbonsewhérere is at least one substitution of
hydrogen for chlorine. In some embodiments chloydrocarbons comprise compounds
described by the formula CEl, (where x + y = 4); compounds described by the tdam
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C.CliHy (where x + y = 6); or combinations thereof. Irm& embodiments compounds
described by the formula CEl, comprise carbon tetrachloride, dichloromethane, or
combinations thereof. In some embodiments, comg®ulescribed by the formulaCyH,
comprise trichloroethane. In an embodiment, theauidigchlorine-containing compound
comprises potassium chloride in solution.

[0032] The calcined extruded catalyst support can be ctedtawith the liquid chlorine-
containing compound in any suitable manner. lermbodiment, the method used to contact a
calcined extruded catalyst support with a liquitbohe-containing compound can be incipient
wetness impregnation. During incipient wetnessr@gpation, the pores of the support become
substantially filled with the liquid chlorine-comiéng compound. Other contacting methods
such as soaking can also be employed to contacatbmed extruded catalyst support with the
liquid chlorine-containing compound to create added catalyst support.

[0033] An alternative embodiment comprises initially catitag the calcined extruded
catalyst support with a gaseous chlorine-contaimiognpound to create a chlorided catalyst
support. In some embodiments, the chlorine-comgicompounds that can be employed as
gases include, but are not limited to, hydrogeorilié gas, chlorine gas, GEl, (where x +y

= 4), GCIHy (where x +y = 6), or combinations thereof. lotwer embodiment, the gaseous
chlorine-containing compounds are obtained by hgat volatile chloro-hydrocarbon or
mixture thereof.

[0034] A method used to contact a calcined extruded ctaypport with a gaseous
chlorine-containing compound can be accomplishetidating the calcined extruded catalyst
support in the presence of a gaseous chlorinedioomgacompound and optionally in the
presence of oxygen, water, nitrogen, hydrogen atures thereof to create a chlorided catalyst
support. In an embodiment, the calcined extrudsdlyst support can be contacted with a
gaseous chlorine-containing compound at tempemairdrom about 300°C to about 850°C
for from about 0.2 to about 20 hours.

[0035] The amount of chlorine-containing compound depdsite the calcined extruded
catalyst support is controlled independently of twmntact method, whether by liquid
contacting, gas phase contacting, or combinatieretif. The contacting method can deposit
an amount of chlorine-containing compound such tiatchlorided catalyst support, i.e., the
calcined extruded catalyst support after exposueeahlorine-containing compound, comprises
from about 20 wt.% to about 0.001 wt.% chlorinedohen a total weight of the chlorided
catalyst support, alternatively from about 10 wtdabout 0.01 wt.% chlorine, alternatively
from about 2 wt.% to about 0.05 wt.% chlorine.
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[0036] After the calcined extruded catalyst support haanbmontacted with the chlorine-
containing compound to create the chlorided catalygport, the chlorided catalyst support can
be removed from contact with the chlorine-contagncompound and processed to remove
from the chlorided catalyst support unwanted eldmesuch as an amount of chlorine-
containing compound, decomposition products thermobther unwanted elements to create a
clean chlorided catalyst support and otherwisegmeethe chlorided catalyst support for further
processing to produce a selective hydrogenaticalysit Removing an amount of chlorine-
containing compound and/or any other unwanted el&snean occur via a wash, via
vaporization, or combinations thereof, depending, éxample, on the type of chlorine-
containing compound involved. The vaporization t@naccomplished at a temperature of
from about 300°C to about 850°C for from aboutt@.2bout 20 hours. After processing, the
clean chlorided catalyst support can comprise fatrout O to about 2000 ppm by weight of
chlorine; alternatively, can comprise from aboublabout 1200 ppm by weight of chlorine;
alternatively, from about 2 to about 80 ppm by weigf chlorine; alternatively, from about 3
to about 20 ppm, alternatively less than aboutr2 pg weight of chlorine with respect to the
support.

[0037] In an embodiment, a chlorided catalyst support gced by contact with a liquid
chlorine-containing compound can be exposed tdearated temperature of from about 50°C
to about 850°C for from about 0.5 to about 20 howidry and/or calcine the chlorided catalyst
support, thereby producing a cleaned chloridedlysdtgupport. In some embodiments, an
optional washing step can follow the exposure teelavated temperature. For example, the
support can be washed with water at temperaturésrofabout 20°C to about 100°C for from
about 1 minute to about 2 hours. In an embodimtet,washing utilizes hot distilled or
deionized water and occurs after drying and/orimialg. Following the washing step, the
chlorided catalyst support can optionally undergotlaer exposure to an elevated temperature
of from about 50°C to about 900°C for from aboui @ about 20 hours to remove any
unwanted moisture.

[0038] In another embodiment, a chlorided catalyst suppmtiuced by contact with a
gaseous chlorine-containing compound can be cleamgeds/aporization or washing or a
combination thereof to remove an amount of chledoetaining compound, decomposition
products thereof, or other unwanted elements.nlamabodiment, after contacting the catalyst
support with the gaseous chlorine-containing comgdpulow of the gaseous chlorine-
containing compound is stopped, and the gaseoatedrechlorided catalyst support can be

continued to be heated and/or calcined by expdeuaa elevated temperature in the absence of
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the gaseous chlorine-containing compound to produciéeaned chlorided catalyst support.
Exposure to an elevated temperature can occueiprissence of oxygen, water, nitrogen and
mixtures thereof for less than or equal to abouhd@s. This vaporization removal step can
be optionally followed by exposing the chloridedatgst support with a heated stream of gas
free of the chlorine-containing compound to furthemove any unwanted elements. After
processing, the cleaned chlorided catalyst supgartcomprise from about 0 to about 2000
ppm by weight of chlorine; alternatively, can comerfrom about 1 to about 1200 ppm by
weight of chlorine; alternatively, from about 2 &bout 80 ppm by weight of chlorine;
alternatively, from about 3 to about 20 ppm, alidikrely less than about 2 ppm by weight of
chlorine with respect to the support.

[0039] In an embodiment, a method of preparing a hydragenacatalyst comprises
selecting an inorganic support having a multimodiatribution of pore diameters. In an
embodiment, at least one distribution of pore dignsecomprises pores having a diameter of
equal to or greater than about 120 nm. The selextipport can then be treated as a catalyst
support of the type disclosed herein and subjettetthe processing disclosed herein (e.g.,
drying, calcining, chloriding).

[0040] In an embodiment, a method of preparing a seledtydrogenation catalyst
comprises contacting a cleaned chlorided catalyspat of the type disclosed herein with at
least one catalytically active metal, alternativeladium. The palladium can be added to the
cleaned chlorided catalyst support by contactirgdieaned chlorided catalyst support with a
palladium-containing compound to form a palladiunpmorted composition as will be
described in more detail later herein. Examplesuitable palladium-containing compounds
include without limitation palladium chloride, padlium nitrate, ammonium
hexachloropalladate, ammonium tetrachlopalladatdlagium acetate, palladium bromide,
palladium iodide, tetraamminepalladium nitratecombinations thereof. In an embodiment,
the palladium-containing compound is a componerdrofiqueous solution. An example of
palladium-containing solution suitable for use histdisclosure includes without limitation a
solution comprising palladium metal.

[0041] In an embodiment, palladium is present in the méfor preparation of a selective
hydrogenation catalyst in an amount of from abo005 wt.% to about 2 wt.%, alternatively
from about 0.005 wt.% to about 1 wt.% or alterrelgivfrom about 0.005 wt.% to about
0.5wt.% based on the total catalyst weight.

[0042] In an embodiment, a method of preparing a seled¢tixdrogenation catalyst can

initiate with the contacting of cleaned chlorideatatyst support with a palladium-containing
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compound to form a supported palladium compositibhe contacting can be carried out using
any suitable technique. For example, the cleahéatided catalyst support can be contacted
with the palladium-containing compound by soakimigincipient wetness impregnation of the
support with a palladium-containing solution. brcls embodiments, the resulting supported
palladium composition can have greater than abowtt®%s, alternatively from about 92 wt.%
to about 98 wt.%, alternatively from about 94 wittb about 96 wt.% of the palladium
concentrated near the periphery of the palladiuppstied composition, as to form a palladium
skin. In an embodiment, the cleaned chloride cstalypport is contacted with the palladium-
containing solution by soaking the support in thégalium-containing solution.

[0043] The palladium skin can be any thickness as lorguel thickness can promote the
hydrogenation processes disclosed herein. Gewetladl thickness of the palladium skin can
be in the range of from about 1 micron to aboutG3@ticrons, alternatively from about 5
microns to about 2000 microns, alternatively frobowt 10 microns to about 1000 microns,
alternatively from about 50 microns to about 50@roms. Examples of such methods are
further described in more details in U.S. Patent.Mo404,124 and 4,484,015, each of which is
incorporated by reference herein in its entirety.

[0044] Any suitable method can be used for determiningtimeentration of the palladium
in the skin of the palladium supported compositard/or the thickness of the skin. For
example, one method involves breaking open a reptasve sample of the palladium
supported composition particles and treating thikagiam supported composition particles
with a dilute alcoholic solution of N,N-dimethyl4q@anitrosoaniline. The treating solution
reacts with the palladium to give a red color et be used to evaluate the distribution of the
palladium. Yet another technique for measuringcirecentration of the palladium in the skin
of the palladium supported composition involvesakieg open a representative sample of
catalyst particles, followed by treating the paescwith a reducing agent such as hydrogen to
change the color of the skin and thereby evalubte distribution of the palladium.
Alternatively, the palladium skin thickness can betermined using electron probe
microanalysis.

[0045] The supported palladium composition formed by odirig the cleaned chlorided
catalyst support with the palladium-containing soluoptionally can be dried at a temperature
of from about 15°C to about 150°C, alternativelpnfr about 30°C to about 100°C,
alternatively from about 60°C to about 100°C; amdd period of from about 0.1 hour to about
100 hours, alternatively from about 0.5 hour towdl#9 hours, alternatively from about 1 hour

to about 10 hours. Alternatively, the palladiunported composition can be calcined. This
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calcining step can be carried out at temperatypes about 850°C, alternatively of from about
150°C to about 800°C, alternatively from about T6@f about 750°C, alternatively from about
150°C to about 700°C; and for a period of from @b hour to about 20 hours, alternatively
from about 0.5 hour to about 20 hours, alternatifrelm about 1 hour to about 10 hours.

[0046] In an embodiment, the selective hydrogenation gsttalan further comprise one or
more selectivity enhancers. Suitable selectivityancers include, but are not limited to, Group
1B metals, Group 1B metal compounds, silver comgsurluorine, fluoride compounds,
sulfur, sulfur compounds, alkali metals, alkali edlefompounds, alkaline metals, alkaline metal
compounds, iodine, iodide compounds, or combinatittrereof. In an embodiment, the
selective hydrogenation catalyst comprises one arenselectivity enhancers which can be
present in total in the mixture for preparationtioé selective hydrogenation catalyst in an
amount of from about 0.001 wt.% to about 10 wt.%eokon the total weight of the selective
hydrogenation catalyst, alternatively from abo@10wt.% to about 5 wt.%, alternatively from
about 0.01 wt.% to about 2 wt.%. The amount oécelity enhancer incorporated into the
selective hydrogenation catalyst can be in the eadescribed herein for the amount of
selectivity enhancer used to prepare the selelsjiiengenation catalyst.

[0047] In an embodiment, the selectivity enhancer comegrisdver (Ag), silver
compounds, or combinations thereof. Examples ivdlse silver compounds include without
limitation silver nitrate, silver acetate, silveromide, silver chloride, silver iodide, silver
fluoride, or combinations thereof. In an embodiméme selectivity enhancer comprises silver
nitrate. The selective hydrogenation catalystlwamprepared using silver nitrate in an amount
of from about 0.005 wt.% to about 5 wt.% silver dth®n the total weight of the selective
hydrogenation catalyst, alternatively from abo®10wt.% to about 1 wt.% silver, alternatively
from about 0.05 wt.% to about 0.5 wt.%. The amairgilver incorporated into the selective
hydrogenation catalyst can be in the range desthbkeein for the amount of silver nitrate used
to prepare the selective hydrogenation catalyst.

[0048] In an embodiment, the selectivity enhancer comgpradkali metals, alkali metal
compounds, or combinations thereof. Examples wélsle alkali metal compounds include
without limitation elemental alkali metal, alkaliatal halides (e.g., alkali metal fluoride, alkali
metal chloride, alkali metal bromide, alkali metatlide), alkali metal oxides, alkali metal
carbonate, alkali metal sulfate, alkali metal plinage, alkali metal borate, or combinations
thereof. In an embodiment, the selectivity enhamoenprises potassium fluoride (KF). In
another embodiment, the selective hydrogenatioalysitis prepared using an alkali metal

compound in an amount of from about 0.01 wt.% tuab wt.% based on the total weight of
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the selective hydrogenation catalyst, alternativietyn about 0.03 wt.% to about 2 wt.%,
alternatively from about 0.05 wt.% to about 1 wt.%he amount of alkali metal incorporated
into the selective hydrogenation catalyst can i@errange described herein for the amount of
alkali metal compound used to prepare the selebirdeogenation catalyst.

[0049] In some embodiments, one or more selectivity erdranof the type described
previously herein can be added to the supportdddiain composition. In an embodiment,
silver can be added to the supported palladium ositipn. For example, the supported
palladium composition can be placed in an aquebeex sitrate solution of a quantity greater
than that necessary to fill the pore volume of ¢thenposition. The resulting material is a
palladium/silver supported composition (herein tphaticular embodiment of the selective
hydrogenation catalyst is referred to as a Pd/Agpmsition). The Pd/Ag composition may be
dried and/or calcined as previously described herei

[0050] In an embodiment, one or more alkali metals canaldded to the Pd/Ag
composition using any suitable technique such asetldescribed previously herein. In an
embodiment, the selectivity enhancer comprisesspata fluoride, and the resulting material
is a palladium/silver/alkali metal fluoride suppemit composition (herein this particular
embodiment of the selective hydrogenation catadystferred to as a Pd/Ag/KF composition).
[0051] In an embodiment, the supported palladium commosig contacted with both an
alkali metal halide and a silver compound. Commgcthe supported palladium composition
with both an alkali metal halide and a silver comnpb can be carried out simultaneously;
alternatively the contacting can be carried outisatjally in any user-desired order.

[0052] In an embodiment, a selective hydrogenation cdtédysied in accordance with the
methods disclosed herein comprises aalumina support of the type disclosed herein,
palladium, and one or more selectivity enhancexg,,(silver and/or potassium fluoride). The
selective hydrogenation catalyst (Pd/Ag, Pd/KF,/anthe Pd/Ag/KF/ compositions) can be
dried to form a dried selective hydrogenation gatal In some embodiments, this drying step
can be carried out at a temperature in the ranf@mf about 0°C to about 150°C, alternatively
from about 30°C to about 100°C, alternatively frabout 50°C to about 80°C; and for a period
of from about 0.1 hour to about 100 hours, altévebt from about 0.5 hour to about 20 hours,
alternatively from about 1 hour to about 10 hours.

[0053] The dried selective hydrogenation catalyst canebeaed using hydrogen gas or a
hydrogen gas containing feed, e.g., the feed strefathe selective hydrogenation process,
thereby providing for optimum operation of the s#@lee hydrogenation process. Such a
gaseous hydrogen reduction can be carried outtatnperature in the range of from, for
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example, about 0°C to about 400°C, alternativeRC2 about 300°C, or alternatively about
30°C to about 250°C.

[0054] In an embodiment, a selective hydrogenation cdtalfyshe type disclosed herein
can catalyze a selective hydrogenation process.sdme embodiments a selective
hydrogenation catalyst of the type disclosed hei®insed in conjunction with one or more
conventional hydrogenation catalysts to catalyzelactive hydrogenation process. In such
embodiments having a conventional hydrogenatiomalysit and a selective hydrogenation
catalyst of the type disclosed herein, the seledtiwdrogenation catalyst may be present in an
amount that comprises greater than about 50% ofotiaé amount of hydrogenation catalyst
present during the selective hydrogenation procedternatively greater than about 70% or
alternatively greater than about 85%. Herein, fiiwase “conventional hydrogenation
catalysts” refers to hydrogenation catalysts thak la catalyst support of the type disclosed
herein.

[0055] The selective hydrogenation catalyst can be cadaavith an unsaturated
hydrocarbon stream primarily containing unsaturatgdrocarbons, e.g., ethylene, but also
containing a highly unsaturated hydrocarbon, @cetylene. The contacting can be executed
in the presence of hydrogen at conditions effectiveselectively hydrogenate the highly
unsaturated hydrocarbon to an unsaturated hydmacardn an embodiment, the selective
hydrogenation catalysts of the type disclosed heaee¢ used in the hydrogenation of highly
unsaturated hydrocarbons such as for example anthowi limitation acetylene,
methylacetylene, propadiene, butadiene or combimsitthereof. As used herein, a highly
unsaturated hydrocarbon is defined as a hydrocatbotaining a triple bond, two conjugated
carbon-carbon double bonds, or two cumulative cadarbon double bonds. As used herein,
an unsaturated hydrocarbon is defined as a hydrogasontaining an isolated carbon-carbon
double bond. Figure 1 illustrates an embodimena dfydrogenation process that utilizes a
selective hydrogenation catalyst of the type dsadbherein. The hydrogenation process
includes feeding an unsaturated hydrocarbon sttHarand a hydrogen ¢ stream 20 to a
hydrogenation reactor 30 within which the selectiyelrogenation catalyst is disposed. The
unsaturated hydrocarbon stream 10 primarily coraprisie or more unsaturated hydrocarbons,
but it can also contain one or more highly unsaggrdydrocarbons such as for example and
without limitation acetylene, methylacetylene, @d@ne, and butadiene. Alternatively,
unsaturated hydrocarbon stream 10 and hydrogeams26 can be combined in a single stream

that is fed to hydrogenation reactor 30.
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[0056] In an embodiment, reactor 30 is a selective hydratyen reactor that can belong to
an acetylene removal unit of an unsaturated hydoocaproduction plant in a backend
configuration. As used herein, “backend” referghlocation of the acetylene removal unit in
an unsaturated hydrocarbon production unit thagives the lower boiling fraction from a
deethanizer fractionation tower that receives tighdr boiling fraction from a demethanizer
fractionation tower which receives a feed from asaturated hydrocarbon production process.
[0057] In an embodiment, reactor 30 is a selective hydratyen reactor that can belong to
an acetylene removal unit of an unsaturated hydoocaproduction plant in a frontend
deethanizer configuration. As used herein, “frodteeethanizer” refers to the location of the
acetylene removal unit in an unsaturated hydrocagroduction unit that receives the lower
boiling fraction from a deethanizer fractionatiawer that receives a feed from an unsaturated
hydrocarbon production process.

[0058] In an embodiment, reactor 30 is a selective hydratjen reactor that may belong
to an acetylene removal unit of an unsaturated dogtbon production plant in a frontend
depropanizer configuration. As used herein, “feowlt depropanizer” refers to the location of
the acetylene removal unit in an unsaturated hyglbmn production unit that receives the
lower boiling fraction from a depropanizer fracidion tower that receives a feed from an
unsaturated hydrocarbon production process.

[0059] In an embodiment, reactor 30 is a selective hydratyen reactor that can belong to
an acetylene removal unit of an unsaturated hydoocaproduction plant in a raw gas
configuration. As used herein, “raw gas” refersh®e location of the acetylene removal unit in
an unsaturated hydrocarbon production unit thaeives a feed from an unsaturated
hydrocarbon production process without any intenghydrocarbon fractionation.

[0060] It is understood that hydrogenation reactor 30, dkdwise the selective
hydrogenation catalysts disclosed herein, areimiteld to use in backend acetylene removal
units, frontend deethanizer units, frontend depnaea, or raw gas units and can be used in
any process wherein a highly unsaturated hydrooarbmntained within an unsaturated
hydrocarbon stream is selectively hydrogenated tosaturated hydrocarbon. In frontend
deethanizer units, frontend depropanizer, or rasvuyets, the unsaturated hydrocarbon stream
10 contains sufficient quantities of hydrogen foe hiydrogenation reaction, and a hydrogen
stream 20 may become unnecessary for the reaction.

[0061] In those embodiments wherein the acetylene remowd is in a backend
configuration, the highly unsaturated hydrocarbemdy fed to the hydrogenation reactor 30

comprises acetylene. The mole ratio of the hydroge the acetylene being fed to
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hydrogenation reactor 30 can be in the range of fabout 0.1 to about 10, alternatively from
about 0.2 to about 5, alternatively from aboutt6.8bout 4.

[0062] In those embodiments wherein the acetylene remawmdl is in a front end
deethanizer, front-end depropanizer or raw gas igamtion, the highly unsaturated
hydrocarbon being fed to the hydrogenation rea8trcomprises acetylene. In such an
embodiment, the mole ratio of the hydrogen to tbetydene being fed to the hydrogenation
reactor 30 can be in the range of from about 18btmut 3000, alternatively from about 10 to
about 2000, alternatively from about 10 to abou@dl5

[0063] In those embodiments wherein the acetylene remawd is in a front-end
depropanizer or raw gas configuration, the highigaiurated hydrocarbon being fed to the
hydrogenation reactor 30 comprises methylacetyldnesuch an embodiment, the mole ratio
of the hydrogen to the methylacetylene being fetthéohydrogenation reactor 30 can be in the
range of from about 3 to about 3000, alternatifedyn about 5 to about 2000, alternatively
from about 10 to about 1500.

[0064] In those embodiments wherein the acetylene remawdl is in a front-end
depropanizer or raw gas configuration, the hightgaturated hydrocarbon being fed to the
hydrogenation reactor 30 comprises propadienesu¢h an embodiment, the mole ratio of the
hydrogen to the propadiene being fed to the hydraiyen reactor 30 can be in the range of
from about 3 to about 3000, alternatively from alb®to about 2000, alternatively from about
10 to about 1500.

[0065] In another embodiment, reactor 30 can represeniuralipy of reactors. The
plurality of reactors can optionally be separatgdabmeans to remove heat produced by the
reaction. The plurality of reactors can optionddly separated by a means to control inlet and
effluent flows from reactors or heat removal meahswing for individual or alternatively
groups of reactors within the plurality of reactais be regenerated. The selective
hydrogenation catalyst can be arranged in any ldaiteonfiguration within hydrogenation
reactor 30, such as a fixed catalyst bed. Carbomomde can also be fed to reactor 30 via a
separate stream (not shown), or it can be combimigl hydrogen stream 20. In an
embodiment, the amount of carbon monoxide beingdedactor 30 during the hydrogenation
process is less than about 0.15 mole percent (mbk%ed on the total moles of fluid being fed
to reactor 30.

[0066] Hydrogenation reactor 30 can be operated at conditeffective to selectively
hydrogenate highly unsaturated hydrocarbons toooneore unsaturated hydrocarbons upon

contacting the selective hydrogenation catalysthénpresence of the hydrogen. The conditions
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are desirably effective to maximize hydrogenatidnhmhly unsaturated hydrocarbons to
unsaturated hydrocarbons and to minimize hydrogematf highly unsaturated hydrocarbons
to saturated hydrocarbons. In some embodimergsylane can be selectively hydrogenated to
ethylene. Alternatively methylacetylene can beedelely hydrogenated to propylene;
alternatively propadiene can be selectively hydnated to propylene. Alternatively,
butadiene can be selectively hydrogenated to bsitelmresome embodiments, the temperature
within the hydrogenation zone can be in the ranfjdram about 8C to about 30fC,
alternatively from about EC to about 25TC, alternatively from about 26 to about 20TC.

In some embodiments, the pressure within the hyahatipn zone can be in the range of from
about 15 (204 kPa) to about 2,000 (13,890 kPa) gmyser square inch gauge (psig),
alternatively from about 50 psig (446 kPa) to aldhG00 psig (10,443 kPa), alternatively from
about 100 psig (790 kPa) to about 1,000 psig (6k¥%H).

[0067] Referring back to Figure 1, an effluent stream 4impgrising unsaturated
hydrocarbons, including the one or more monoolegfireluced in hydrogenation reactor 30,
and any unconverted reactants exit hydrogenatiactoe 30. In an embodiment where
hydrogenation reactor 30 is in a backend acetylemmval unit configuration, effluent stream
40 primarily comprises ethylene comprises less #iaut 5 ppm, alternatively less than about
1 ppm of highly unsaturated hydrocarbons. In ermrbedts wherein hydrogenation reactor 30
is in a frontend deethanizer, frontend depropaniperraw gas acetylene removal unit
configuration, effluent stream 40 primarily compssethylene comprises less than about 5
ppm, alternatively less than about 1 ppm of aceglewhile other highly unsaturated
hydrocarbons such as methylacetylene or propadiengrises less than about 5000 ppm,
alternatively less than about 4000 ppm.

[0068] In an embodiment, a selective hydrogenation cdtaliythe type described herein
can have a comparable catalytic activity when caosgpdo an otherwise similar catalyst
lacking a catalyst support of the type describeéihe For example, a selective hydrogenation
catalyst of this disclosure can have at least @y®pnance property that is improved when
compared to an otherwise similar catalyst. In amb@&liment, a selective hydrogenation
catalyst of this disclosure has an optimal balaoicelesirable properties. For example, a
selective hydrogenation catalyst of the type dssibherein has a catalytic activity or clean up
temperature comparable to an otherwise similatysitaThe comparable catalytic activity can
translate to a comparable clean up temperatureeirtddter, an otherwise similar catalyst refers
to a selective hydrogenation catalyst comprisingnanganic catalyst support, palladium and

one or more selectivity enhancers but lack a csttadypport of the type disclosed herein.
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Herein, the cleanup temperature is referred tolaand refers to the temperature at which the
acetylene concentration drops below 20 ppm in ffleeat when processing a representative
frontend deethanizer, frontend depropanizer, or ga® acetylene removal unit feed stream
comprising unsaturated hydrocarbon and highly wmatgd hydrocarbons such as acetylenes
and diolefins. Determinations of T1 are describedore detail for example in U.S. Patent
Nos. 7,417,007 and 6,417,136, each of which arerfrocated herein in their entirety. In an
embodiment, a selective hydrogenation catalysheftype disclosed herein can have a T1 of
from about 80°F to about 160°F, alternatively frabout 85°F to about 150°F, alternatively
from about 90°F to about 140°F for fresh catalyistan embodiment, a selective hydrogenation
catalyst of the type described herein can displaglaectivity window that is increased when
compared to an otherwise similar catalyst lackingatalyst support of the type described
herein. Herein, a selectivity window refers to thaction time period over which the catalyst
displays a desired selectivity for a specified tieac For example, a selective hydrogenation
catalyst of the type disclosed herein when empl@&a catalyst in acetylene hydrogenation
reactors can display a selectivity window for etim@ of equal to or greater than about 200
hours, alternatively equal to or greater than aB6Gthours, or alternatively equal to or greater
than about 300 hours. The selectivity window décere hydrogenation catalysts of the type
disclosed herein can be increased by equal toeateyrthan about 50%, alternatively equal to
or greater than about 75%, or alternatively equalrtgreater than about 100% when compared
to an otherwise similar catalyst lacking a catalggpport of the type disclosed herein.
Alternatively, the selectivity window of selectitsdrogenation catalysts of the type disclosed
herein can be increased by equal to or greaterghant 50%, alternatively equal to or greater
than about 75%, or alternatively equal to or gretitan about 100% when compared to an
otherwise identical catalyst lacking a catalystpsupof the type disclosed herein.

[0069] In an embodiment, a selective hydrogenation cdtalfythe type disclosed herein
can have an operating window of from about 35°Rkout 120°F, alternatively from about
40°F to about 80°F, or alternatively from aboufsfabout 60°F. The operating window of a
selective hydrogenation catalyst of the type dbedriherein can be increased by greater than
about 10%, alternatively greater than about 15%yratively greater than about 20% when
compared to an otherwise similar catalyst prepametthie absence of catalyst support of the
type described herein. Alternatively, the opemtwmindow of a selective hydrogenation
catalyst of the type described herein can be iseckdy greater than about 10%, alternatively
greater than about 15%, alternatively greater #iayut 20% when compared to an otherwise

identical catalyst prepared in the absence of ysitaupport of the type described herein. An
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operating window AT) is defined as the difference between a runawayperature (T2) at
which 3 wt.% of ethylene is hydrogenated from alé&eck comprising highly unsaturated and
unsaturated hydrocarbons, and the cleanup temper@tll). AT is a convenient measure of
the catalysts selectivity window and operation istgbin the hydrogenation of highly
unsaturated hydrocarbons (e.g., acetylene) to unadetl hydrocarbons (e.g., ethylene). The
more selective a catalyst, the higher the temperdteyond T1 required to hydrogenate a given
unsaturated hydrocarbons (e.g., ethylene). This €gincident with the temperature at which
a high probability of runaway ethylene hydrogenatreaction could exist in an adiabatic
reactor. Therefore, a largA translates to a more selective catalyst and &mogeration
window for the complete acetylene hydrogenation.

[0070] In an embodiment a method comprises providing algsit support of the type
disclosed herein and utilizing the catalyst suppoifiorm a selective hydrogenation catalyst.
The selective hydrogenation catalyst can be furfhrercessed into a packaged product
containing or associated with written material. sime embodiments, the written material
can provide information on the selectivity window & selective hydrogenation catalyst
formed from a catalyst support of the type disdbberein alone or in comparison to a
selective hydrogenation catalyst prepared in theeate of a catalyst support of the type
disclosed herein. In some embodiments, the writteterial can provide instructions and/or
recommendations for utilization of the selectivedfogenation catalyst in one or more
applications. For example, the written materiah ¢adicate the selective hydrogenation
catalyst formed from a catalyst support of the tglosed herein (e.g., having a bimodal
distribution of pore diameters) is suitable for usepplications where a broader selectivity

window is desirable.

EXAMPLES
[0071] The disclosure having been generally describedfdlle@ving examples are given
as particular embodiments of the disclosure andetmonstrate the practice and advantages
thereof. It is understood that the examples arergby way of illustration and are not intended
to limit the specification of the claims to follaw any manner.

Example 1

[0072] This example illustrates the preparation of varipafadium-containing catalyst
compositions to be used in a hydrogenation procé&atalysts A thru E were prepared as
follows: Thea-alumina support having a surface area ranging fsomf/g to 12 ni/g was

supplied by BASF. The support was then chlorigetied, followed by the addition of
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palladium and silver as described herein. Table,1and 3 summarize the physical

properties of catalysts A thru E. Figures 2-6 shbw pore size distribution from mercury
porosimetry for catalysts A thru E. The dasheddirepresent the sample distributions while
the solid line represents percentage cumulativesian.

Table 1
Surface
Pd Ag
Catalyst Form Area
(ppm) | (ppm) .
(mg)
A extrudate 252 1718 9.57
B extrudate 284 2492 8.12
C extrudate 308 1869 8.57
D pellet 267 1840 6.71
E extrudate 307 1889 11.22
Pellets were ~4mm x 4mm extrudates were ~Smmm3m
1 By Brunauer, Emmett, and Teller method
Table 2
RANGE 1 RANGE 2 RANGE 3 RANGE 4
Catalyst Poresize % total Poresize % total Poresize % total Poresize % total
Diameter range pore Diameter pore Diameter range pore Diameter range pore
(nm) volume range volume (nm) volume (nm) volume
(nm)
A 29736 to 2000 0.51 2000 to 45 94.29 45Q00 1 5.2
B 21409 to 2,000 0.15 2000 to 332 19.32 332t0 35 0.538 -
C 21449 to 230 24.7 - 230to 30 74.56 30to 10 0.74
D 21464 to 280 23.9 280 to 30 76.1
E 21469 to 280 17.53 - 280 to 36 76.87 361010 5.6
Table 3
Surface Area | Porevolume
Catalyst | Form 1 )
(m?g) (cc/g)
A extrudate 9.57 0.326
B extrudate 8.12 0.344
C extrudate 8.57 0.253
D pellet 6.71 0.212
E extrudate 11.22 0.265

! By Brunauer, Emmett, and Teller method

2By ASTM UOP578-02
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Example 2

[0073] Catalyst performance runs were made as followsoufl20 mL of catalyst was
mixed with 40 mL of alundum and placed in a staslsteel jacketed reactor tube having a
0.692 inch inner diameter and a length of abountBes. The catalyst resided in the middle
of the reactor and both ends of the reactor weckgquhwith about 10 mL of alundum. The
reaction temperature was controlled by circulattigylene glycol through the jacket of the
reactor tube. The catalyst was then activated htfrogen at a flowrate of 200 mL/min at
atmospheric pressure at the listed temperaturevimhours. The catalyst was then contacted
with the feed gas (approximately: 13 wt.% meth&%8 wt.% ethylene, 1.2 wt.% acetylene,
and 0.1 wt.% hydrogen) at about 913 mL/min at 26§.pSome runs used a higher hydrogen
concentration and are noted likewise. The react@gnperature was adjusted to yield an
acetylene conversion of about 90%. Conversioneferred to as the disappearance of
acetylene. Gas analysis waasrformed by gas chromatography using a KGRAIPLOT
column. Figure 7 shows the temperature neededatotain a 90% conversion of acetylene
as a function of time. Figure 8 shows the seldgtiva ethylene as a function of time.
[0074] The selectivity (sel.) to ethylene was also cal®mdausing the following set of
equations, where “C represents butane, butenes and butadiene anc Wineavies” refer to
hydrocarbons having more carbon atoms than C

selectivity to ethane = (weight of ethane madegiveof acetylene consumed)*100

selectivity to G's = (weight of G's made/weight of acetylene consumed)*100

selectivity to heavies = (weight of heavies maagit of acetylene consumed)*100

selectivity to ethylene = 100 — sel. to ethanel-te G’s — sel. to heavies
[0075] The results demonstrate that while all the catalgisplayed good activity as
indicated by the comparable temperatures at time, zatalysts of the type disclosed herein
(i.e., catalysts C, D, and E) displayed a levebhthe adjusted temperature, Figure 7. This in
contrast to catalysts A and B which do not havatalgst support with a pore distribution of
the type disclosed herein. In the case of camksand B, the temperature begins to increase
toward the end of the run. Further, referring iguFe 8, with regards to selectivity catalysts C,
D, and E displayed an increased selectivity acatdd by a plateau in selectivity over the time
period investigated. In contrast, catalysts A Brghow a decline in selectivity after about 150
hours. Catalysts C, D, and E are selective hydratggn catalysts having a pore size
distribution, specifically the presence of the paatund 1,000 nm in the pore size distribution

while catalysts A and B do not have this peak.
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ADDITIONAL EMBODIMENTS

The following enumerated embodiments are providedos-limiting examples:
A composition comprising:
an extruded inorganic support comprising an oxide metal or metalloid; and
at least one catalytically active metal,
wherein the extruded inorganic support has poréstahpore volume, and a pore size
distribution; wherein the pore size distributiorslays at least two peaks of pore
diameters, each peak having a maximum; whereirsgdeak has a first maximum of
pore diameters of equal to or greater than aboQOtrik® and a second peak has a
second maximum of pore diameters of less than abditnm; and wherein greater
than or equal to about 5% of a total pore voluméhefextruded inorganic support is
contained within the first peak of pore diameters.
The composition of embodiment 1 wherein the fitraximum of the first peak of pore
diameters is from about 200 nm to about 9000 nm.
The composition of embodiment 1 or 2 whereiraggethan or equal to about 10% of
the total pore volume of the extruded inorganicpsupis contained within the first
peak of pore diameters.
The composition of embodiment 1 or 3 whereinfits® maximum of the first peak of
pore diameters is from about 400 nm to about 8000 n
The composition of embodiment 4 wherein gretitan or equal to about 15% of the
total pore volume of the extruded inorganic supmodontained within the first peak of
pore diameters.
The composition of any preceding embodiment wihethe oxide of a metal or
metalloid consists essentially of silica, titardalymina, or aluminate.
The composition of embodiment 1, 2, 3, 4, or Bekein the oxide of a metal or
metalloid consists essentially of a spinel.
The composition of any preceding embodimentritwa surface area of from about 1
m2/g to about 35 ffg.
The composition of any preceding embodimentrigad total pore volume of from
about 0.1 cc/g to about 0.6 cc/g as determinedffgrential mercury intrusion.
The composition of any preceding embodimergrain the distance between the first
maximum of the first peak and the second maximuth@tecond peak is at least about
400 nm.
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The composition of any preceding embodimentreiheghe first peak is non-Gaussian
and has a peak width at half height that is grehtar the peak width at half height of
the second peak.

The composition of any preceding embodimerth&rrcomprising a halide.

The composition of any preceding embodimerh&srcomprising a Group 10 metal.
The composition of any preceding embodimerh&rrcomprising a Group 1B metal.
The composition of any preceding embodimerh&rrcomprising chloride.

A method of preparing a hydrogenation catalgstprising:

extruding a mixture comprising an oxide of a metaimetalloid, a pore former, and
water to form an extrudate;

drying the extrudate to form a dried extrudate;

calcining the dried extrudate to from a calcinetfuegate;

contacting the calcined extrudate with a chlorinataining compound to form a
chlorided support;

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

contacting the cleaned chlorided support with au@rb0 metal and a Group 1B metal
to form a hydrogenation catalyst,

wherein a pore size distribution for the hydrogmmatatalyst displays at least two
peaks of pore diameters, each peak having a maximndwherein a first peak has a
first maximum of pore diameters that is equal tagyaater than about 120 nm and a
second peak has a second maximum of pore diantieteiis less than about 120 nm.
The method of embodiment 16 wherein the calcedrudate, the chlorided support,
the cleaned chlorided support, or the hydrogenataialyst has a surface area of from
about 1 rfig to about 35 fig.

The method of embodiment 16 or 17 wherein #ileireed extrudate, the chlorided
support, the washed chlorided support, or the lgeiration catalyst has a total pore
volume of from about 0.1 cc/g to about 0.6 cc/gleermined by differential mercury
intrusion.

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

The method of embodiment 16, 17, or 18 whetfenextrudate consists essentially of

alpha alumina.
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The method of embodiment 16, 17, 18, 19, anv@6rein greater than or equal to 5% of
a total pore volume of the hydrogenation catalystantained within the first peak of
pore diameters.

An extruded inorganic support comprising ardexof a metal or metalloid, wherein a
pore size distribution for the extruded inorganipport displays at least two peaks of
pore diameters, each peak having a maximum; whargist peak has a first maximum
of pore diameters of equal to or greater than afh@0tnm and a second peak has a
second maximum of pore diameters of less than d@diuhm; wherein greater than or
equal to 15% of a total pore volume of the extrudemganic support is contained
within the first peak of pore diameters; and whetbe inorganic support has a surface
area of from about 5 7y to about 15 Afg.

A method of preparing a hydrogenation catalgstprising:

selecting an inorganic support having a multimodiatribution of pore diameters,
wherein at least one distribution of pore diametersprises pores having a diameter of
equal to or greater than about 120 nm;

extruding a mixture comprising the inorganic suppod water to form an extrudate;
drying the extrudate to form a dried extrudate;

calcining the dried extrudate to from a calcinethedate; and

contacting the calcined extrudate with a Group Wiktal and a Group 1B metal to
form a hydrogenation catalyst.

The method of embodiment 23 further comprisingtacting the calcined extrudate
with a chlorine-containing compound to form a chiled support; contacting the
chlorided support with a wash solution to form asked chlorided support; contacting
the washed chlorided support with the Group Vllitahend the Group 1B metal to
form the hydrogenation catalyst.

A method for selectively hydrogenating a highlysaturated hydrocarbon to a less
unsaturated hydrocarbon in an olefin rich hydrosarbtream comprising introducing
into a reactor a hydrocarbon fluid stream compgisirhighly unsaturated hydrocarbon
in the presence of hydrogen and a catalyst com@osiinder conditions effective to
convert the highly unsaturated hydrocarbon to s.lesaturated hydrocarbon,

wherein at least 50% of the catalyst compositiommises the hydrogenation catalyst
produced according to embodiment 23.

A method comprising:
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preparing a plurality of extruded inorganic supparbnsisting essentially of silica,
titania, alumina, or a spinel;

plotting the pore diameter as a function of a lbdifierential mercury intrusion for the
extruded inorganic support; and

identifying the extruded inorganic supports havadeast two peaks, each peak having
a maximum, wherein a first peak comprises porek aitirst pore diameter maximum
equal to or greater than about 120 nm, and wheharfirst peak of pore diameters
represents greater than or equal to about 5% ofah pore volume of the extruded
inorganic support.

27. The method of embodiment 26 further comprisimayketing the extruded inorganic
supports for use in preparing a selective hydroimmaatalyst.

28. A hydrogenation catalyst comprising a Groupridal, a Group 1B metal and at least
one of the identified extruded inorganic suppoftary preceding embodiment.

29. A packaged product comprising least one ofidbatified extruded inorganic supports
of any preceding embodiment and written materiacdbing use of the identified
extruded inorganic supports in the preparation ydrdgenation catalysts having a
reduced fouling rate.

[0077] While embodiments of the invention have been shamthdescribed, modifications

thereof can be made by one skilled in the art witliteparting from the spirit and teachings of

the invention. The embodiments described hereregemplary only, and are not intended to

be limiting. Many variations and modifications tbe invention disclosed herein are possible
and are within the scope of the invention. Wheneerical ranges or limitations are expressly

stated, such express ranges or limitations shogldnglerstood to include iterative ranges or
limitations of like magnitude falling within the pressly stated ranges or limitations (e.g., from

about 1 to about 10 includes, 2, 3, 4, etc.; grehtan 0.10 includes 0.11, 0.12, 0.13, etc.). Use
of the term "optionally” with respect to any elerhef a claim is intended to mean that the

subject element is required, or alternatively,a$ required. Both alternatives are intended to
be within the scope of the claim. Use of broadens such as comprises, includes, having, etc.
should be understood to provide support for narrdeens such as consisting of, consisting

essentially of, comprised substantially of, etc.

[0078] Accordingly, the scope of protection is not limiteg the description set out above

but is only limited by the claims which follow, thacope including all equivalents of the

subject matter of the claims. Each and every claimcorporated into the specification as an

embodiment of the present invention. Thus, thendaare a further description and are an
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addition to the embodiments of the present inventi@he disclosures of all patents, patent
applications, and publications cited herein areslwelincorporated by reference, to the extent

that they provide exemplary, procedural or othéaitlesupplementary to those set forth herein.
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CLAIMS
What is claimed is:
1. A composition comprising:
an agglomerated inorganic support comprising adeorf a metal or metalloid; and
at least one catalytically active Group 10 metal,
wherein the agglomerated inorganic support hasspartotal pore volume, and a pore size
distribution; wherein the pore size distributiosmays at least two peaks of pore diameters,
each peak having a maximum; wherein a first peakahi@st maximum of pore diameters of
from greater than 1,000 nm to about 6,000 nm asetand peak has a second maximum of
pore diameters of less than about 120 nm; whereiatgr than or equal to about 15% of the
total pore volume of the agglomerated inorganigsupis contained within the first peak of
pore diameters; and wherein the composition hatahpore volume of from about 0.1 cc/g

to 0.6 cc/g as determined by differential mercutyusion.

2. The composition of claim 1 wherein the oxidelef metal or metalloid consists essentially

of silica, titania, alumina, or aluminate.

3. The composition of claim 1 wherein the oxidelef metal or metalloid consists essentially

of a spinel.
4. The composition of claim 1 having a surface afeflom about 1 rfig to about 35 fig.

5. The composition of claim 1 wherein the distabe®veen the first maximum of the first
peak and the second maximum of the second peakts about 3900 nm.

6. The composition of claim 1 wherein the first p&anon-Gaussian and has a peak width at

half height that is greater than the peak widthadt height of the second peak.
7. The composition of claim 1 further comprisingadide.
8. The composition of claim 1 further comprisinGeup 1B metal.

9. The composition of claim 1 further comprisindacide.



28

10. The composition of claim 1 wherein the at leaws catalytically active Group 10 metal
comprises palladium and the palladium is presettiercomposition in an amount of from
about 0.005 wt. % to about 2 wt. % based on tha wight of the composition.

11. The composition of claim 10 wherein greatentabout 90 wt. % of the palladium is

concentrated near the periphery of the composition.

12. The composition of claim 1 wherein the distabe®veen the first maximum of the first

peak and the second maximum of the second peakts about 2900 nm.

13. The composition of claim 1 wherein from abob#dlto about 40% of the total pore
volume of the agglomerated inorganic support iga@ioed within the first peak of pore

diameters.

14. A method of preparing a hydrogenation catatgstprising:

agglomerating a mixture comprising an oxide of daier metalloid, a pore former, and
water to form an agglomerate;

drying the agglomerate to form a dried agglomerate;

calcining the dried agglomerate to form a calciagdlomerate;

contacting the calcined agglomerate with a chledcoetaining compound to form a
chlorided agglomerated inorganic support;

reducing the amount of chloride in the chloridedlamerated inorganic support to form a
cleaned chlorided agglomerated inorganic suppad; a

contacting the cleaned chlorided agglomerated aramsupport with a catalytically active
Group 10 metal and a Group 1B metal to form a hyenation catalyst comprising:

the agglomerated inorganic support comprising ttideoof the metal or metalloid; and

the catalytically active Group 10 metal and the pr@B metal,

wherein the agglomerated inorganic support hasspar®tal pore volume, and a pore size
distribution; wherein the pore size distributiom foe agglomerated inorganic support
displays at least two peaks of pore diameters, paak having a maximum, wherein a first
peak has a first maximum of pore diameters of fgveater than 1,000 nm to about 6,000 nm
and a second peak has a second maximum of poretdiesof less than about 120 nm;
wherein greater than or equal to about 15% ofdbed pore volume of the agglomerated

inorganic support is contained within the first be& pore diameters; and wherein the
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hydrogenation catalyst has a total pore volumearhfabout 0.1 cc/g to 0.6 cc/g as

determined by differential mercury intrusion.

15. The method of claim 14 wherein the calcined@ygrate, the chlorided agglomerated
inorganic support, the cleaned chlorided aggloneeratorganic support, or the

hydrogenation catalyst has a surface area of fisonital nf/g to about 35 fig.

16. The method of claim 14 wherein the agglometatesists essentially of silica, titania,

alumina, or aluminate.

17. The method of claim 14 wherein the agglometatesists essentially of alpha alumina.

18. The method of claim 14 wherein the distancevben the first maximum of the first peak

and the second maximum of the second peak is apdot 3900 nm.

19. The method of claim 14 wherein the distanceveen the first maximum of the first peak

and the second maximum of the second peak is apdot 2900 nm.

20. A hydrogenation catalyst comprising:

an agglomerated inorganic support comprising adeorf a metal or metalloid; and

at least one catalytically active Group 10 metal,

wherein the agglomerated inorganic support hasspartotal pore volume, and a pore size
distribution; wherein the pore size distributiosmays at least two peaks of pore diameters,
each peak having a maximum; wherein a first peakahi@st maximum of pore diameters of
from greater than 1,000 nm to about 6,000 nm asetand peak has a second maximum of
pore diameters of less than about 120 nm; whereiatgr than or equal to about 15% of the
total pore volume of the agglomerated inorganigsubpis contained within the first peak of
pore diameters; wherein the hydrogenation catalgsta total pore volume of from about 0.1
cc/g to 0.6 cc/g as determined by differential meyéntrusion; and wherein the inorganic

support has a surface area of from abouf/g o about 15 fig.

21. The hydrogenation catalyst of claim 20 whetbkaoxide of the metal or metalloid

consists essentially of silica, titania, aluminaaluminate.
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22. The hydrogenation catalyst of claim 20 whetkaagglomerate consists essentially of

alpha alumina.

23. The hydrogenation of claim 20 wherein the distabetween the first maximum of the

first peak and the second maximum of the seconk isa#p to about 3900 nm.

24. A method of preparing a hydrogenation catatgstprising:

agglomerating a mixture comprising an oxide of daier metalloid, a pore former, and
water to form an agglomerate;

drying the agglomerate to form a dried agglomerate;

calcining the dried agglomerate to from a calciagdlomerated inorganic support, wherein
the calcined agglomerated inorganic support hasspartotal pore volume, and a pore size
distribution; wherein the pore size distributiosplays at least two peaks of pore diameters,
each peak having a maximum; wherein a first peakahirst maximum of pore diameters of
from greater than 1,000 nm to about 6,000 nm asetand peak has a second maximum of
pore diameters of less than about 120 nm; whereiatgr than or equal to about 15% of the
total pore volume of the calcined agglomeratedganic support is contained within the first
peak of pore diameters; and

contacting the calcined agglomerated inorganic supgith at least one catalytically active
Group 10 metal and a Group 1B metal to form a hyenation catalyst, wherein the
hydrogenation catalyst has a total pore volumearhfabout 0.1 cc/g to 0.6 cc/g as

determined by differential mercury intrusion.

25. The method of claim 24 further comprising cetitey the calcined agglomerated
inorganic support with a chlorine-containing compawo form a chlorided agglomerated
inorganic support; contacting the chlorided agglates inorganic support with a wash
solution to form a washed chlorided agglomeratedganic support; contacting the washed
chlorided agglomerated inorganic support with tatkytically active Group 10 metal and
the Group 1B metal to form the hydrogenation cataly

26. A method for selectively hydrogenating a higimhgaturated hydrocarbon to a less
unsaturated hydrocarbon in an olefin rich hydrocarstream comprising introducing into a
reactor a hydrocarbon fluid stream comprising dlyiginsaturated hydrocarbon in the

presence of hydrogen and a catalyst compositioerucmhditions effective to convert the
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highly unsaturated hydrocarbon to a less unsaulitatdrocarbon, wherein at least 50% of
the catalyst composition comprises the hydrogenatatalyst produced according to claim
24.

27. A method comprising:

preparing a plurality of agglomerated inorganics consisting essentially of silica,
titania, alumina, or a spinel, wherein each ofgheality of agglomerated inorganic supports
has pores, a total pore volume, and a pore sizgbdison;

plotting diameter of the pores as a function a@adf differential mercury intrusion for each
of the plurality of the agglomerated inorganic suppand

identifying a first agglomerated inorganic supguwatving a pore size distribution displaying
at least two peaks of pore diameters, each peakdiavmaximum, wherein a first peak has a
first maximum of pore diameters of from greatemtizd00 nm to about 6,000 nm and a
second peak has a second maximum of pore diantétiss than about 120 nm, wherein the
first peak of pore diameters represents greater dhaqual to about 15% of the total pore
volume of the first agglomerated inorganic suppant

contacting the first agglomerated inorganic suppattt at least one Group 10 metal to form
a hydrogenation catalyst; wherein the hydrogenataialyst has a total pore volume of from

about 0.1 cc/g to 0.6 cc/g as determined by diffeaémercury intrusion.

28. The method of claim 27 further comprising mérigethe hydrogenation catalyst.

29. The hydrogenation catalyst produced accordirgaim 27.



