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may be produced by pyrolysis or steam cracking of hydrocarbons including
hydrocarbons derived from coal, hydrocarbons derived from synthetic crude,
naphthas, refinery gases, ethane, propane, butane, and the like.
Unsaturated hydrocarbons may also be produced by the conversion of
alcohols. Unsaturated hydrocarbons produced in these manners usually
contain small proportions of highly unsaturated hydrocarbons such as
acetylenes and diolefins that adversely affect production of subsequent
chemicals and polymers. Thus, to form an unsaturated hydrocarbon product
such as a polymer grad@IrELrDQbEFifrHE(IMVENMQNaceternes and diolefins
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Thus, to form an unsaturated hydrocarbon product such as a polymer grade monoolefin,
the amount of acetylenes and diolefins in the monoolefin stream is typically reduced. For
example, in polymer grade ethylene, acetylene content typically is less than about 2 ppm,
alternatively, less than about 1 ppm.

One technique commonly used to reduce the amount of acetylenes and diolefins in
an unsaturated hydrocarbon stream primarily comprising monoolefins involves
selectively hydrogenating the acetylenes and diolefins to monoolefins. This process is
selective in that hydrogenation of the monoolefin and the highly unsaturated
hydrocarbons to saturated hydrocarbons is minimized. For example, the hydrogenation of
ethylene or acetylene to ethane is minimized.

The selective hydrogenation may be performed using catalysts comprising

palladium (Pd) on an inorganic support. However, in some circumstances, such selective



and the life of the catalyst decreases. Therefore, a need exists for a selective
hydrogenation catalyst that undergoes less deactivation in between
regeneration cycles during the hydrogenation of acetylenes and diolefins.
SUMMARY OF THE INVENTION In an embodiment, disclosed is a method
for producing a selective hydrogenation catalyst for hydrogenating a highly
unsaturated hydrocarbon to an unsaturated hydrocarbon comprising
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the chlorine-containing compound may comprise a compound selected from

the IR AN o%ltln n?fcri) oss%:I 0§ rr]n(f):{ho% ' for producing a selective hydrogenation
catalyst for hydrogenating a highly unsaturated hydrocarbon to an unsaturated
hydrocarbon comprising contacting an inorganic catalyst support with a chlorine-
containing compound to form a chlorided catalyst support (step (a)) and adding palladium
to the chlorided catalyst support to form a supported-palladium composition which is a
selective hydrogenation catalyst composition. The method may further comprise
removing from the chlorided catalyst support an amount of chlorine-containing
compound, decomposition products thereof or other unwanted elements after step (a) to
produce a clean chlorided catalyst support having from about 10 to about 1200 ppm by
weight chlorine.

The method may further comprise adding at least one selectivity enhancer to the

supported-palladium composition to form an enhanced supported-palladium composition,
wherein the selectivity enhancer comprises a compound selected from the group

consisting of Group 1B metals, Group 1B metal compounds, phosphorus, sulfur,



sodium chloride, lithium chloride, and combinations thereof. Alternatively, the
chlorine- containing compound may comprise a compound selected from the
group consisting of calcium chloride, barium chloride, and combinations
thereof. Alternatively, the chlorine- containing compound may be described
by the formula N(HVRWR'XR"yR™z)CI; where R, R’, R", and R™ is methyl,
ethyl propyl, or butyl or any combination thereof; and v, w X, Y,z can be 0 to
rovided v+w+ +z =4, Alternat y the chlorine-c |n|n mpound
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chloride, methyl ammonium chloride, tetramethylammonium chloride,
tetracthylammonium chloride, and combinations thereof. Alternatively, the chlorine-
containing compound may comprise a compound described by the formula CClHy;
wherein x + y = 4. Alternatively, the chlorine-containing compound may comprise
carbon tetrachloride. Alternatively, the chlorine-containing compound may comprise a
compound described by the formula C,ClHy; wherein x + y = 6. Alternatively, the
chlorine-containing compound may comprise trichloroethane. The selective
hydrogenation catalyst may comprise from about 0.01 to about 1.0 weight percent
palladium based on a total weight of the catalyst.

In an embodiment, disclosed is a selective hydrogenation -catalyst for
hydrogenating a highly unsaturated hydrocarbon to an unsaturated hydrocarbon formed

by the method comprising contacting an inorganic catalyst support with a chlorine-

containing compound to form a chlorided catalyst support and adding palladium to the



a chlorided catalyst support and adding palladium to the chlorided catalyst
support to form a supported-palladium composition. A fouling rate of the
selective hydrogenation catalyst may be at least about 25 percent less than
a fouling rate of the same catalyst when not supported on a chlorided
catalyst support under hydrogenation conditions. In an embodiment,
disclosed is a catalyst for selectively hydrogenating a highly unsaturated

@;9 rbon to an unsat rated h droc {1 omprising a chlorided inorganic

ol BRI LR e e s st

hidrdgemiacivih c’h’a?zQS)st&IMpaiMely from about 20 to about 800 ppm by weight of
chlorine; from about 0.0 about 1. O tiv ut 0.01to a

008 i SRV Ah R Faded Bl TRl WoAD SP A CASAyRing gy

ufranraedutyddtdd@bavid Onalternadigyrotaoakouiplitih deabatiy wWeighthly
ercent %Il%cﬁbas d on, total Wel ht of the catalést The C%#%@@Stm

?EHEEP &6 é‘o‘?f %léféct VI BRRRIRLER Clibw StHEN grggpeed
bsz@batatmggofnodmgmndmdal@@mpppmdsvlphmshhmrmscpimﬁphg)mﬁnpound to form
rin;ggl ndst ulfur sulfur(?mgfunds lafl%allne tal allaa ne n]et? ot
4 fonipol sa%ﬁ%} CURRSI A &G & é‘i’ay%t S CSpHEEHrSHipport to
fc&boatsﬁ;@ﬁ)i:téd phidmhﬂlﬁ waighispencert foelibagritse ex hhmerehamd}@mogetmiabn
ht of the catalys hIorld ino talyst s ort may have
C:\ﬁlei a%gla ga oa}rogr%atg % 0A %qllf gg 32?/0 i é&ﬂﬁﬁ?ﬁ%g it When
naprpﬂmasﬁ Mehﬁwﬁhﬂmataiggethmomﬁnﬂeﬂhpdmgmiageemamf may
best under ref ren e to th ollowin ntaken
ool e R 2 O IO e R RISl o biahly
upsacessdibydaiegbam tofmemtnmﬂmi élydmouﬂioh cannpnimagmaﬂddnded inorganic

A o A S e R AR e L e v
lm@trahamimmeig &ononbale 0. eighra28d0appragly ilsptatimgctiierretativen about

fBP EA rv‘ﬁ)dlajl{ o9 Hvely from about 0.01 to about 0.8 weight percent palladium
based on a total weight of the catalyst; and (c) from about 0.01 to about 10, alternatively
from about 0.01 to about 5 weight percent silver based on a total weight of the catalyst.
The catalyst may further comprise one or more selectivity enhancers selected from the
group consisting of iodine, iodide compounds, phosphorus, phosphorus compounds,
sulfur, sulfur compounds, alkaline metals, alkaline metal compounds, and combinations
thereof. The catalyst may comprise from about 0.001 to about 10 weight percent

selectivity enhancer based on a total weight of the catalyst. The chlorided inorganic

catalyst support may have a surface area of from about 2 to about 100 m?/g.



hydrogenation of acetylene for one control selective hydrogenation catalyst

and two selective hydrogenation catalysts comprising palladium on an

inorganic catalyst support modified by a chlorine-containing compound.

Figure 3 is a graph illustrating the relative catalyst selectivity to ethylene

during the hydrogenation of acetylene for one control selective

hydrogenation catalyst and two selective hydrogenation catalysts comprising

palladium on an inorganic catalyst support modified by a chlorine-containing

compound. DETAILED DESCRIPTION OF THE INVENTION In an

embodiment, a metPESERIBKIMION CHAYSEDREWEINGS hydrogenating

highly unsaturated hydrocarbons to unsaturated hydrocarbons comprises

contacting an inorganic catalyst support with a chlorine-containing
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the hydrogenation of acetylene for one control selective hydrogenation catalyst and two
selective hydrogenation catalysts comprising palladium on an inorganic catalyst support

modified by a chlorine-containing compound.
DETAILED DESCRIPTION OF THE INVENTION

In an embodiment, a method of making a catalyst for selectively hydrogenating
highly unsaturated hydrocarbons to unsaturated hydrocarbons comprises contacting an
inorganic catalyst support with a chlorine-containing compound to create a chlorided
catalyst support. In an embodiment, the chlorine-containing compound is a gas, a
liquid, or combinations thereof. Palladium is subsequently added to the chlorided
catalyst support to create a supported-palladium composition useful as a selective

hydrogenation catalyst. A suitable selectivity enhancer may be optionally added to the



Unless specified to the contrary or apparent from the plain meaning of a
phrase, the word "or" has the inclusive meaning. In some embodiments, the
catalyst support may comprise an inorganic support such as one or more
aluminas, silicas, titanias, zirconias, aluminosilicates (such as clays and/or
zeolites), spinels (such as zinc aluminate, zinc titanate, and/or magnesium
aluminate), or combinations thereof. In some embodiments, a suitable

catal u is an alpha (a)-alumina support. A catalyst support having a
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and/or zeolites), spinels (such as zinc aluminate, zinc titanate, and/or magnesium
aluminate), or combinations thereof. In some embodiments, a suitable catalyst support
is an alpha (o)-alumina support.

A catalyst support having a surface area of from about 2 to about 100 square
meters per gram (m%g) may be employed. Alternatively, the support may have a
surface area of from about 2 to about 75 rnz/g, or from about 3 to about 50 mz/g. The
surface area of the support may be determined using any method known to one of
ordinary skill in the art, alternatively using the well-known method of Brunauer,
Emmett, and Teller (“BET”) by measuring the quantity of nitrogen adsorbed on the
catalyst. Alternatively, it can also be measured by mercury intrusion. A suitable
mercury intrusion method is described in ASTM UOP 578-02, entitled "Automated
Pore Volume and Pore Size Distribution of Porous Substances by MERCURY

Porosimetry," which is incorporated herein by reference in its entirety.



compound. In some embodiments the liquid chlorine-containing compounds
to which the inorganic catalyst support may be exposed to create the
chlorided catalyst support include, but are not limited to, hydrochloric acid;
alkaline metal chloride; alkaline earth chloride; chlorohydrocarbons;
compounds described by the formula N(H,R,R'XR"yR"z)Cl, where R, R', R",
and R™ is methyl, ethyl, propyl, butyl, or any combination thereof and v, w, X,
Y, z can be O to 4 provided v+w+x+y+z = 4; or combinations thereof. In spme
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combinations thereof. In some embodiments, the alkaline metal chloride may comprise

potassium chloride, sodium chloride, lithium chloride, or combinations thereof. In
some embodiments, the alkaline earth chloride may comprise calcium chloride, barium
chloride, or combinations thereof. In some embodiments, compounds described by the
formula N(H,R\R’xR”’yR"”,)C] may comprise ammonium chloride, methyl ammonium
chloride, tetramethylammonium chloride, tetraethylammonium chloride, or
combinations thereof. Chloro-hydrocarbons as used herein may 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 CCIHy (where x +y = 4); compounds described by the formula C,CIH,
(where x + y = 6); or combinations thereof. In some embodiments compounds
described by the formula CCIH, comprise carbon tetrachloride, dichloromethane, or

combinations thereof. In some embodiments, compounds described by the formula



incipient wetness impregnation, the pores of the support become
substantially filled with the liquid chlorine-containing compound. Other
contacting methods such as soaking may also be employed to contact the
inorganic catalyst support with the liquid chlorine-containing compound to
create a chlorided catalyst support. An alternative embodiment comprises
initially contacting the inorganic catalyst support with a gaseous
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CCIHy (where x +y = 4), C,Cly Hy (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 thereof.

A method used to contact an inorganic catalyst support with a gaseous chlorine-
containing compound may be accomplished by heating the inorganic catalyst support in
the presence of a gaseous chlorine-containing compound and optionally in the presence
of oxygen, water, nitrogen, hydrogen or mixtures thereof to create a chlorided catalyst
support. In an embodiment, the inorganic catalyst support may be contacted with a
gaseous chlorine-containing compound at temperatures of from about 300°C to about
850°C for from about 0.2 to about 20 hours.

The amount of chlorine-containing compound deposited on the inorganic
support is controlled independently of the contact method, whether by liquid contacting,

gas phase contacting, or combination thereof. The contacting method may deposit an



After the inorganic catalyst support has been contacted with the chlorine-
containing compound to create the chlorided catalyst support, the chlorided
catalyst support may be removed from contact with the chlorine-containing
compound and processed to remove from the chlorided catalyst support
unwanted elements such as an amount of chlorine-containing compound,
decomposition products thereof, or other unwanted elements to create a

clean chlorided catalyst support and otherwjse prepare. the chiqrided catalyst
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temperature of from about 300°C to about 850°C for from about 0.2 to about 20 hours.
After processing, the clean chlorided catalyst support may comprise from about 5 to
about 2000 ppm by weight of chlorine; alternatively, may comprise from about 10 to
about 1200 ppm by weight of chlorine; alternatively, from about 20 to about 800 ppm
by weight of chlorine; alternatively, from about 30 to about 400 ppm by weight of
chlorine with respect to the support.

In an embodiment, a chlorided catalyst support produced by contact with a
liquid chlorine-containing compound may be exposed to an elevated temperature of
from about 50 °C to about 850 °C for from about 0.5 to about 20 hours to dry and/or
calcine the chlorided catalyst support, thereby producing a cleaned chlorided catalyst
support. In some embodiments, an optional washing step may follow the exposure to an

elevated temperature. For example, the support may be washed with water at

temperatures of from about 20 °C to about 100 °C for from about 1 minute to about 2



about 50 C to about 900 C for from about 0.5 to about 20 hours to remove
any unwanted moisture. In another embodiment, a chlorided catalyst support
produced by contact with a gaseous chlorine-containing compound may be
cleaned via vaporization or washing or a combination thereof to remove an
amount of chlorine containing compound, decomposition products thereof, or
other unwanted elements. In an embodiment, after contacting the inorganic
cataly t supp ith the gaseous chlorine-containing..compound,. fI of the
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thereof for less than or equal to about 18 hours. This vaporization removal step may be
optionally followed by exposing the chlorided catalyst support with a heated stream of
gas free of the chlorine containing compound to further remove any unwanted elements.
After processing, the cleaned chlorided catalyst support may comprise from about 5 to
about 2000 ppm by weight of chlorine; alternatively, may comprise from about 10 to
about 1200 ppm by weight of chlorine; alternatively, from about 15 to about 800 ppm
by weight of chlorine; alternatively, from about 15 to about 400 ppm by weight of
chlorine with respect to the support.

Next, palladium may be added to the clean chlorided catalyst support to create a
supported-palladium composition. Addition of the palladium may be accomplished by
contacting the support with a palladium-containing solution comprising palladium metal

or a palladium-containing compound such as palladium chloride or palladium nitrate

using any suitable manner that will yield a selective hydrogenation catalyst meeting the



agueous solution. In an embodiment, the method used to contact a clean
chlorided catalyst support with a palladium-containing solution may be
incipient wetness impregnation, which is well known in the art. The
palladium-containing solution may contain a sufficient amount of palladium to
form a supported-palladium composition having from about 0.01 to about 1.0
weight percent palladium, alternatively from about 0.01 to about 0.8 weight

ercent palladjum,.alternagively frgm about 0.01 t out 0.5 weight percent
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palladium incorporated in the support. The palladium skin can be any thickness as long
as such thickness can promote the hydrogenation process disclosed herein. Generally,
the thickness of the palladium skin can be in the range of from about 1 micron to about
3000 microns, alternatively from about 5 microns to about 2500 microns, alternatively
from about 5 microns to about 2000 microns. For further reference, the teachings of
U.S. Pat. Nos. 4,404,124 and 4,484,015 are instructive and are incorporated by
reference herein.

Suitable methods for determining the concentration of the palladium in the skin
of the supported-palladium composition are known in the art. Determining the
concentration of the palladium in the skin of the supported-palladium composition helps
in determining the thickness of the skin. One technique that may be employed to

determine the palladium skin thickness is the electron microprobe method. Another

technique involves breaking open a representative sample of the supported-palladium



technique involves breaking open a representative sample of the
supported-palladium composition particles and treating the
supported-palladium composition 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 to evaluate the distribution of
the palladium. Yet another technique for measuring the concentration of the
alladium in the skin of the supported-palladium composition involves .
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composition useful as a selective hydrogenation catalyst. In one embodiment, this
addition can occur by soaking the supported-palladium composition in a liquid
comprising one or more suitable selectivity enhancers. In another embodiment, this
addition can occur by incipient wetness impregnation of the supported-palladium
composition with liquid comprising one or more suitable selectivity enhancers. This
additional step may be optionally followed by again drying and/or calcining the
enhanced supported-palladium composition as described above to produce an enhanced
supported-palladium composition useful as a selective hydrogenation catalyst.

In an embodiment, suitable selectivity enhancers include, but are not limited to,
Group 1B metals, Group 1B metal compounds, phosphorus, sulfur, phosphorus
compounds, sulfur compounds, alkaline metals, alkaline metal compounds, iodine,

iodide compounds, or combinations thereof. In an embodiment, the selectivity enhancer



Group IB metals, Group IB metal compounds, phosphorus, sulfur,

phosphorus compounds, sulfur compounds, alkaline metals, alkaline metal

compounds, iodine, iodide compounds, or combinations thereof. In an

embodiment, the selectivity enhancer comprises silver (Ag), silver

compounds, iodine, iodine compounds, or combinations thereof. For

example, silver in the form of a silver compound such as silver nitrate may

be added ; o th rted- palladlu r('jn osition. In an embodiment the .
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alternatively from about 0.01 weight percent to about 5 weight percent iodine,
alternatively from about 0.01 weight percent to about 2 weight percent iodine.

In an embodiment, iodine may optionally be added to the enhanced supported-
palladium composition in addition to silver using a number of techniques, e.g., incipient
wetness impregnation or soaking, and the support may again be dried and/or calcined to
produce an enhanced supported-palladium composition useful as a selective
hydrogenation catalyst. Iodine may be added simultaneously with the silver, or
sequentially before or after the silver. The concentration of iodine in the resulting
selective hydrogenation catalyst may range from about 1 ppm to about 1,000 ppm by
weight, alternatively from about 1 ppm to about 800 ppm by weight, alternatively from
about 1 ppm to about 500 ppm by weight all ppm by weight being based on a total

weight of the enhanced supported palladium composition. In some embodiments, the

suitable iodine-containing materials include, but are not limited to, elemental iodine,



selective hydrogenation catalyst may range from about 1 ppm to about 1,000
ppm by weight, alternatively from about 1 ppm to about 800 ppm by weight,
alternatively from about 1 ppm to about 500 ppm by weight all ppm by weight
being based on a total weight of the enhanced supported palladium
composition. In some embodiments, the suitable iodine-containing materials
include, but are not limited to, elemental iodine, ammonium iodide, potassium
iodide, tetraalkyl mmonium_iodideé tetram ammonium |Qd£§ and
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chiamsing compounds before using the enhanced supported-palladium composition as a
catalyst in the selective hydrogenation process. In some embodiments, this drying may
be performed at a temperature in the range of from about 25°C to about 150°C for a
period of from about 0.5 to about 20 hours. In some embodiments, this calcining step
may be performed at temperatures up to about 850°C, e.g., in the range of from about
150°C to about 750°C, for a period of from about 0.2 to about 20 hours.

Optionally, the drying or calcining may be followed by a reduction step to reduce
the metals (e.g., catalytic metals) in the enhanced supported-palladium composition. This
reduction step may be accomplished in a variety of ways, all well known in the art. One
embodiment comprises reducing the enhanced supported-palladium composition using
hydrogen gas or a hydrogen gas containing feed, e.g., the feed stream of the selective
hydrogenation process, to reduce the catalytic metals, thereby providing for optimum

operation of the selective hydrogenation process. Such a gaseous hydrogen reduction



Optionally, the drying or calcining may be followed by a reduction step to
reduce the metals (e.g., catalytic metals) in the enhanced
supported-palladium composition. This reduction step may be accomplished
in a variety of ways, all well known in the art. One embodiment comprises
reducing the enhanced supported-palladium composition using hydrogen
gas or a hydrogen gas containing feed, e.g., the feed stream of the selective

hydrogenation process, to reduce the catalytic metals, thereby providing for
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unsaturated hydrocarbon to an unsaturated hydrocarbon. In an embodiment, the
selective hydrogenation catalysts of this disclosure are used in the hydrogenation of
highly unsaturated hydrocarbons such as for example and without limitation acetylene,
methylacetylene, propadiene or combinations thereof.

Figure 1 illustrates an embodiment of a hydrogenation process that utilizes a
selective hydrogenation catalyst made in the manner described above.  The
hydrogenation process includes feeding an unsaturated hydrocarbon stream 10 and a
hydrogen (H;) stream 20 to a hydrogenation reactor 30 within which the selective
hydrogenation catalyst is disposed. The unsaturated hydrocarbon stream 10 primarily
comprises one or more unsaturated hydrocarbons, but it also contains one or more
highly unsaturated hydrocarbons such as for example and without limitation acetylene,
methylacetylene and propadiene. Alternatively, unsaturated hydrocarbon stream 10 and

hydrogen stream 20 may be combined in a single stream (not shown) that is fed to



Figure 1 illustrates an embodiment of a hydrogenation process that utilizes a

selective hydrogenation catalyst made in the manner described above. The

hydrogenation process includes feeding an unsaturated hydrocarbon stream

10 and a hydrogen (H2) stream 20 to a hydrogenation reactor 30 within

which the selective hydrogenation catalyst is disposed. The unsaturated

hydrocarbon stream 10 primarily comprises one or more unsaturated

drocarbons, but |t ntal e or more hi unsaturated

PRSI ESLH akTor QEERE S WAL LB perEcam 10 may
congifiytatsitenatand, prmﬂadiﬁgreolmteimaﬁb/ﬁlyunmawéalteldyhmﬁmmoauch as

iﬂ' am 10£nd hydrogen s agT 20 ma |ned n asi H%Ilé stream

W) that i8Fed Yo ‘EfFongéﬁ 1o n“Pé%r E%“r?ﬁ ufrsaté‘bet féte.

niiyklybearblencsirebpiopadisay. comprise hydrocarbons mcludrng one or more

unsaturated hydr carbons such as .eth y e and.one or mare h

oot By T Bor S510h A0 KoBuyeRe v hn R Re Giger that may

bﬂm@manachnmemmﬂrmann odaatonSuisiadskiettivayid ppgéwnatonplant in a
ctqr that.m belon to an acetylene ye | uni of anu S urate
%%/%roacar%n%ngﬁlg%%ctlon ﬁla fir??a %adken%fc%n uration H ?n of the
b@wmtéimefataﬁotthedﬁammmmmelmmwbnﬁ peodovabu mhmthﬁt receives the
|Hinsatur ted groc bon prodyction unit that receives th wer boili
O i A A e o P 0t R, CE A Fgep e igher
bbmngglfatanumrfrbnrm aidamhﬁhmelzﬁraﬁtammnntrmmmhattlnataleeewefseal freth an

from a nsdatura{)e h ocarbon roductlon process. In an embodiment,
unsat % rocal '[1011 f:
PRACLSr 2 seleet rog nation reactor that may belong to an

acetylhnerrembmdlmmﬁ,ofmtuns?ﬂwsateddhg&dmdrjodmgnmlmtlcneapﬂentliratamay

bfipaiend decthanizer. configuration, Asused herein, ontend dasihanizers ;. ,
Feters to the ocation of the acet ene remova rP(t inan undaturated ?
flhylthmd:ddadramrmi wotifiguraitothaf seceiVésrtie, [Gvartdyoilirgtiravtion irtrfmsao the

SRR Taenaton o IRt eSe IR ARES IR ARISBRAG D uni
that receives the lower boiling fraction from a deethanizer fractionation tower that
receives a feed from an unsaturated hydrocarbon production process.

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

In an embodiment, reactor 30 is a selective hydrogenation reactor that may
belong to an acetylene removal unit of an unsaturated hydrocarbon production plant in a

raw gas configuration. As used herein, “raw gas” refers to the location of the acetylene

removal unit in an unsaturated hydrocarbon production unit that receives a feed from an



In an embodiment, reactor 30 is a selective hydrogenation reactor that may
belong to an acetylene removal unit of an unsaturated hydrocarbon
production plant in a frontend depropanizer configuration. As used herein,
"frontend depropanizer” refers to the location of the acetylene removal unit in
an unsaturated hydrocarbon production unit that receives the lower boiling
fraction from a depropanizer fractionation tower that receives a feed from an
rocess. In an emhodiment, reactor 30
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hydrocarbon being fed to the hydrogenation reactor 30 comprises acetylene. In such an
embodiment, the mole ratio of the hydrogen to the acetylene being fed to the
hydrogenation reactor 30 may 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.

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 methylacetylene. In such an embodiment, the
mole ratio of the hydrogen to the methylacetylene being fed to the hydrogenation
reactor 30 may be in the range of from about 3 to about 3000, alternatively from about 5
to about 2000, alternatively from about 10 to about 1500.

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 propadiene. In such an embodiment, the mole



embodiment, the mole ratio of the hydrogen to the acetylene being fed to the
hydrogenation reactor 30 may 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. 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
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hydrogenate highly unsaturated hydrocarbons to one or more unsaturated hydrocarbons
upon contacting the selective hydrogenation catalyst in the presence of the hydrogen.
The conditions are desirably effective to maximize hydrogenation of highly unsaturated
hydrocarbons to unsaturated hydrocarbons and to minimize hydrogenation of highly
unsaturated hydrocarbons to saturated hydrocarbons. In some embodiments, acetylene
may be selectively hydrogenated to ethylene. Alternatively methylacetylene may be
selectively hydrogenated to ethylene; alternatively propadiene may be selectively
hydrogenated to propylene. In some embodiments, the temperature within the
hydrogenation zone may be in the range of from about 5°C to about 300°C,
alternatively from about 10°C to about 250°C, or from about 15°C to about 200°C. In

some embodiments, the pressure within the hydrogenation zone may be in the range of

from about 15 (204 kPa) to about 2,000 (13,890 kPa) pounds per square inch gauge



Hydrogenation reactor 30 may be operated at conditions effective to
selectively hydrogenate highly unsaturated hydrocarbons to one or more
unsaturated hydrocarbons upon contacting the selective hydrogenation
catalyst in the presence of the hydrogen. The conditions are desirably
effective to maximize hydrogenation of highly unsaturated hydrocarbons to
unsaturated hydrocarbons and to minimize hydrogenation of highly
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The invention having been generally described, the following example
exemplifies embodiments of the invention and demonstrates the practice and advantages
thereof. It is understood that these examples are given by way of illustration and are not
intended to limit the specification or the following claims in any manner. All numerical
values are approximate. When numerical ranges are given, it should be understood that
embodiments outside the stated ranges may still fall within the scope of the invention.
Specific details described in each example should not be construed as necessary features
of the invention.

In the following examples, the amount of green oil produced by each selective
hydrogenation catalyst sample was calculated as follows:

weight % green oil = (((final catalyst weight — initial catalyst weight)/initial

catalyst weight)/days on stream)*100



EXAMPLES The invention having been generally described, the following
example exemplifies embodiments of the invention and demonstrates the
practice and advantages thereof. It is understood that these examples are
given by way of illustration and are not intended to limit the specification or
the following claims in any manner. All numerical values are approximate.
When numerical ranges are given, it should be understood that
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In the following examples, the amount of chlorine on the chlorinated inorganic
support, the selective hydrogenation catalyst or any intermediate product was determined
by x-ray spectroscopic methods. In this method samples were pulverized in a ball mill
and pressed into a 31 mm disk. X-Ray Florescence data (XRF) was collected. The
concentration of chlorine was determined using a standardless analysis software package.

All concentrations are semiquantitative.
EXAMPLE 1

The following example illustrates the preparation of various palladium-containing
selective hydrogenation catalyst samples, and the use of the samples in a selective
hydrogenation process.

Catalyst A (control) was prepared on a-Al,O3 pellets supplied by Siid Chemie of

Louisville, Kentucky, USA in the form of 4mm x 4mm tablets as described in U.S. Pat.



results of integrating the selectivity curves from 0 to 200 hours. In the
following examples, the amount of chlorine on the chlorinated inorganic
support, the selective hydrogenation catalyst or any intermediate product was
determined by x-ray spectroscopic methods. In this method samples were
pulverized in a ball mill and pressed into a 31 mm disk. X-Ray Florescence
data (XRF) was collected. The concentration of chlorine was determined
using a standardless analysis software package. All concentrations are
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ercent silver and 99 weight percent A1203. Catalyst B was prepared as
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of about 5 to about 7 m2/g, provided by Sud Chemie of Louisville, Kentucky
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4thenoegicined at about 538C for about three hours in air. Next about 0.02
weight percent palladium and about 0.12 weight percent silver were added
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added to about 3259 of a- A1203 pellets (4mm x 4mm, surface area of about

syiRCABEAOF fROW SFovheBt oy SudehesddnPidGisomie wdr ititsgile. Kentucky,
USA) followed by drying at about 125°C for about 1 hour. The support was then

calcined at about 850°C for about 2 hours in air. The support was then washed repeatedly
with boiling distilled water until the wash solution gave a negative chlorine test with an
about 1M AgNO; solution. The subsequent support was dried at about 125°C for about 1
hour and calcined at about 538°C for about 3 hours. Next about 0.02 weight percent
palladium (Pd) and about 0.12 weight percent silver (Ag) were added as described in U.S.
Pat. No. 4,484,015.

Reactor runs with each of the above catalysts, A through C, were made under
laboratory test conditions. Laboratory test conditions are performed in the following
manner: about 20 mL of catalyst was mixed with about 40 mL of 14 grit alundum and
placed in a stainless steel jacketed reactor tube having an inner diameter of about 0.62
inch (15.7 mm) and a length of about 18 inches (457 mm). The reactor had a 3/16”
thermowell running the length of the catalyst bed in the center of the reactor. The catalyst
bed resided in the middle of the reactor and both ends of the reactor were packed with

about 40 mL of alundum. The reaction temperature was controlled by circulating



USA) followed by drying at about 125C for about 1 hour. The support was
then calcined at about 850C for about 2 hours in air. The support was then
washed repeatedly with boiling distilled water until the wash solution gave a
negative chlorine test with an about 1M AgNOS3 solution. The subsequent

support was dried at about 125C for about 1 hour and calcined at about

538C for about 3 hours. Next about 0.02 weight percent palladium (Pd) and
described in U.S. Pat.
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conversion of about 90%. Conversi% li)f’er ferred to as the disappearance of
acetylene. Gas analyses were performed by gas chromatography using an

A1203 plot column. Selectivities were cdlculated dSceweight ISakisiviigble kyt%
IRR/n ORI PerinGIL AR regaiing e PEHATARgR R the galalyStSyeen oil
or control wt % °F/h  |@ 200 h @200h | g/g/day

Control 0.02Pd, 0.12 Ag | none 0.17 25 6970 0.65
Invention B 0.02 Pd, 0.12 Ag | NH,CI 0.07 66 12,230 0.28
Invention C 0.02Pd,0.12Ag | KCI 0.14 46 10,880 0.40

As indicated by the data in Table 1, contacting an inorganic catalyst support with

a chlorine-containing compound increases the selectivity to ethylene among selective

hydrogenation catalysts comprising palladium. Catalysts B and C, each modified by

contacting with either NH4Cl or KCl, both demonstrate significantly higher selectivities to

ethylene compared to control catalyst A. In addition, the foul rate for catalysts B and C is

lower than that of the control catalyst. In addition, green oil production is reduced.




A through C, described above. Table 1 Selectivity Selectivity wt% Invention
Catalyst Composition Cl source Foul rate to ethylene Area green oil or
control wt % F/h @ 200 h @ 200 h g/g/day Control A 0.02 Pd, 0.12 Ag none
0.17 25 6970 0.65 Invention B 0.02 Pd, 0.12 Ag NH4C1 0.07 66 12,230 0.28
Invention C 0.02 Pd, 0.12 Ag KC1 0.14 46 10,880 0.40 As indicated by the
data in Table 1, contacting an inorganic catalyst support with a
chlorine-containing compound mgg the selectivity to ethylene among
selective hydrogenation catalyst 611%3 palladium. Catalysts B and C,
each modified by contacting with either NH4C1 or KCI, both demonstrate
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reacEaryr%tnCr(r)la erlilssil?lg Catalyst C, which is a selective hydrogenation catalyst comprising
palladium/silver supported on a chlorided catalyst support produced using potassium
chloride as the chlorine-containing compound. The fouling rate related to line 200 is
about 0.17 degrees Fahrenheit per hour. The fouling rate indicated by line 210 is about
0.07 degrees Fahrenheit per hour, and the fouling rate indicated by line 220 is about 0.14
degrees Fahrenheit per hour. Thus, the fouling rate demonstrated by the selective
hydrogenation catalysts comprising inorganic catalyst supports modified by chlorine-
containing compounds (line 210 and 220) are reduced relative to the control catalyst. The
lower fouling rates related by line 210 and 220 are also associated with a reduction in
green oil generation when compared to the control catalyst (200). The fouling rate for a
selective hydrogenation catalyst as described herein may be, for example, at least about
25 percent less, at least about 50 percent less, or at least about 80 percent less than a

fouling rate of the same catalyst when not contacted with a chlorine-containing compound

and run under control conditions.



palladium/silver supported on a chlorided catalyst support produced using
potassium chloride as the chlorine-containing compound. The fouling rate
related to line 200 is about 0.17 degrees Fahrenheit per hour. The fouling
rate indicated by line 210 is about 0.07 degrees Fahrenheit per hour, and the
fouling rate indicated by line 220 is about 0.14 degrees Fahrenheit per hour.
Thus, the fouling rate demonstrated by the selective hydrogenation catalysts

comprising inorganic catalyst Su%ﬁé@gﬂ ged by chlorine- containing
compounds (line 210 and 220) a elative to the control catalyst.
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EXAMPLE 4

The following example illustrates the application of the catalyst in a front-end
depropanizer reactor process. Hydrogenation runs were made with 20 cc of the
previously described catalysts. The catalysts were placed in a stainless steel reactor tube
having a 0.62 inch inner diameter and a length of about 18 inches. The catalyst resided in
the middle of the reactor, and both ends of the reactor were packed with 10 mL of
alundum. The catalyst was reduced at about 100°F for about 1 hour under hydrogen gas
flowing at 200 mL/min and at 200 pounds per square inch gauge (psig). A feed stream
typical of a feed from the top of a de-propanizer fractionation tower in an ethylene plant
was prepared, except that the ethane and propane were replaced with methane to aid in

the selectivity calculations. The feed stream contained approximately (all by weight



the hydrogenation process. EXAMPLE 4 The following example illustrates the
application of the catalyst in a front-end depropanizer reactor process.
Hydrogenation runs were made with 20 cc of the previously described
catalysts. The catalysts were placed in a stainless steel reactor tube having
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A sample of catalyst B was tested using the above protocol as well as a control
sample (catalyst A), the results are presented in Table 2. The results indicate that catalyst
B has a higher MAPD conversion and a higher ethylene selectivity than the control
catalyst at the same reaction temperature. Furthermore catalyst B has a similar to higher

acetylene conversion at the same temperatures.

Table 2
Run # catalyst Acetylene MAPD conversion, Ethylene
conversion, % % selectivity, %
401 (control) A T=120 F: 99.5 T=120 F: 66 T=120 F: 47
T=130 F: 100 T=130F: 79 T=130 F: -6
402 (catalyst B) B T=120 F: 100 T=120F: 71 T=120 F: 57
T=130 F: 100 T=130F: 84 T=130F: 3

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



A sample of catalyst B was tested using the above protocol as well as a
control sample (catalyst A), the results are presented in Table 2. The results
indicate that catalyst B has a higher MAPD conversion and a higher ethylene
selectivity than the control catalyst at the same reaction temperature.
Furthermore catalyst B has a similar to higher acetylene conversion at the
same temperatures. Table 2 Run # catalyst Acetylene MAPD conversion,
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above but is only limited by the claims which follow, that scope including all equivalents
of the subject matter of the claims. Each and every claim is incorporated into the
specification as an embodiment of the present invention. Thus, the claims are a further
description and are an addition to the embodiments of the present invention. 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.



Accordingly, the scope of protection is not limited by the description set out
above but is only limited by the claims which follow, that scope including all
equivalents of the subject matter of the claims. Each and every claim is
incorporated into the specification as an embodiment of the present
invention. Thus, the claims are a further description and are an addition to
the embodiments of the present invention. The disclosures of all patents,
patent applications, and publicatiomerein are hereby incorporated by
reference, to the extent that they p emplary, procedural or other
Vd@taibcwpmoﬁoentary to those set forth herein. CLAIMS What is claimed is:
ethog ({ a sel ctive g aﬂﬂ enation ca St comprising:
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the chhqun onta com ound from the chlorided catalyst support to form
:P(I}Iéa l%%l %ada QPQ pport and subsequently adding palladium to the
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Somprises %ayalnyséﬁ}lé’rﬁ’é’%éld AN Aikaiiy %’il ‘io?‘oyeS PPRIKAIRE earth
chIondel;sezdmomlyy&ttdn@rbommommmbmaemmshherém Atalpe sptlodtofform a
claim 1d \év% in the chlorlne -containing compound comprises a compound
SRS a‘f e SARBR NI RRXR"YR"2)Cl; where R, R', R", and R™ i
methyl, ethyl, propyl, butyl, or any combination thereof; and each of v, w, x, Y,

»2 can e 0.4 pravided atytxiyt2 5 4, 4 The MEtnod ol dyporic
Whereln%he chlorine- corl%%almng COI’T'IpOUI"I comprises a OPJ dl escn% (f
hiyrtieblfoienuteidC laHy alkhiénein metay =chloride, an alkahne earth chloride,

chlorohydrocarbons, or combinations thereof.

3. The method of claim 1, wherein the chlorine-containing compound comprises a
compound described by the formula N(H,RR’(R*’\R"”,)Cl; where R, R’, R”, and R*”
is methyl, ethyl, propyl, butyl, or any combination thereof; and each of v, w, X, y, z can

be 0 to 4 provided that v+w+x+y+z = 4.

4. The method of claim 1, wherein the chlorine-containing compound comprises a

compound described by the formula CCIHy, wherein x + y = 4.

5. The method of claim 1, wherein the chlorine-containing compound comprises a

compound described by the formula C,CIHy, wherein x +y = 6.

6. The method of claim 1, wherein the chlorine containing compound comprises
potassium chloride, sodium chloride, lithium chloride, calcium chloride, barium

chloride, ammonium chloride, methyl ammonium chloride, tetramethylammonium



5. The method of claim 1, wherein the chlorine-containing compound
comprises a compound described by the formula C2C1xHy, wherein x +y =
6. 6. The method of claim 1, wherein the chlorine containing compound
comprises potassium chloride, sodium chloride, lithium chloride, calcium
chloride, barium chloride, ammonium chloride, methyl ammonium chloride,
tetramethylammonium chloride, tetraethylammonium chloride, carbon
tetrachloride, trichloroethane, or combinations thereof. 7, The method of
cIaTcL, SSHARAR HRTEBA e IR cataR s 5B M Fork LA e o
cafndiia?i0al thpreoy weight chlorine. 8. The method of claim 1, wherein the
selective hydrogenation catalyst comprises from about 0.01 to about 1.0
weight percent palladium based on a total weight of the catalyst. 9. The
7methachefmetahivdlofuithier Compsisinglaryilegiindisuidedrtac-yatladppart has from
compaosition, c@ '61in the supported-palladium composition, or both. 10. The
a?ﬁ@ftgot&) Sf%ﬂaﬁi q Plﬁ’?fh y%eﬁ%ﬁg Sgﬁding at least one selectivity
enhancer to the supported-palladium composition to form an enhanced
suppaoyted- IIﬁ:ﬂi composition, wherein the selectivity enhancer .
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fronatatsyu® ooip 18 ahedal IcOmpatingsrcphopplhatien $ulfed, on a total weight of the
Cgtgf)ss?horus-containing compounds, sulfur-containing compounds, alkaline
metals, alkaline metal-containing compounds, silver, silver-containing
compounds, iodine, iodide-containing compounds, and combinations thereof.
11. The method of claim 10, wherein the enhanced supported-palladium . .
OompA LR o ABULTY, COT D M bolghe e Padium
comlpatitity, erbance tHeasgpaited- teiildueigbvwbthéaioatalybbth2. The method
of claim 10, further comprising drying the enhanced supported- palladium
composition, calcining the enhanced supported-palladium composition, or
10. The method of claim 1, further comprising adding at least one selectivity

enhancer to the supported-palladium composition to form an enhanced supported-
palladium composition, wherein the selectivity enhancer comprises a compound
selected from the group consisting of Group 1B metals, Group 1B metal compounds,
phosphorus, sulfur, phosphorus-containing compounds, sulfur-containing compounds,
alkaline metals, alkaline metal-containing compounds, silver, silver-containing

compounds, iodine, iodide-containing compounds, and combinations thereof.

11. The method of claim 10, wherein the enhanced supported-palladium
composition comprises from about 0.001 to about 10 weight percent selectivity

enhancer based on a total weight of the catalyst.

12. The method of claim 10, further comprising drying the enhanced supported-
palladium composition, calcining the enhanced supported-palladium composition, or

both.



both. 13. The method of claim 1, further comprising reducing the
supported-palladium composition. 14. The method of claim 10 wherein the
chlorided catalyst support contains from about 5 to about 2000 ppm by
weight of chlorine, wherein the supported-palladium composition comprises
from about 0.01 to about 1.0 weight percent palladium based on a total
weight of the supported-palladium composition, and wherein the enhanced

upp iu mposition comprises from about 0.01 to about 1 )
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couippeitied-palladium composition. 15. The method of claim 14, wherein the
chlorided catalyst support comprises from about 10 to about 1200 ppm by
weight of chlorine, wherein the supported-palladium composition comprises
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metal-containing compounds and combinations thereof. 17 The method of
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s&g)prg E:& palladium composition comprises from about 0.01 to about 5 weight percent

silver based on a total weight of the enhanced supported-palladium composition.

16. The method of claim 14, wherein the enhanced supported-palladium
composition further comprises one or more selectivity enhancers selected from the
group consisting of iodine, iodide-containing compounds, phosphorus, phosphorus-
containing compounds, sulfur, sulfur-containing compounds, alkaline metals, alkaline

metal-containing compounds, and combinations thereof.

17. The method of claim 16, wherein the enhanced supported-palladium
composition comprises from about 0.001 to about 10 weight percent selectivity

enhancer based on a total weight of the enhanced supported-palladium composition.



a palladium skin comprising at least about 95 percent of the palladium in the
composition. 20. The method of claim 1, wherein the chlorided catalyst
support comprises from about 0.001 weight percent to about 2 weight
percent chlorine, and wherein the clean chlorided catalyst support comprises
from about 30 ppm to about 400 ppm chlorine. 21. A method of producing a
selective hydrogenation catalyst comprising: contacting an inorganic catalyst

uppart with a chlorine-containing compound; .subsequently washing the . .
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support subsequent to the contacting and prior to the washing. 23. The

method of claim 22 further comprising calcining the inorganic catalyst
18upporhsubstodefictaithe  doyicrgiankepiippdortdepuashing campbliesneihadroks
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coopyiitsimg adding a selectivity enhancer to the inorganic catalyst support.

20. The method of claim 1, wherein the chlorided catalyst support comprises from
about 0.001 weight percent to about 2 weight percent chlorine, and wherein the clean

chlorided catalyst support comprises from about 30 ppm to about 400 ppm chlorine.

21. A method of producing a selective hydrogenation catalyst comprising:
contacting an inorganic catalyst support with a chlorine-containing compound;
subsequently washing the catalyst support; and

subsequently adding palladium to the catalyst support.

22. The method of claim 21 further comprising drying the inorganic catalyst support

subsequent to the contacting and prior to the washing.

23. The method of claim 22 further comprising calcining the inorganic catalyst

support subsequent to the drying and prior to the washing.

24, The method of claim 23 further comprising drying the inorganic catalyst support

subsequent to the washing and prior to the adding.

25. The method of claim 21 further comprising adding a selectivity enhancer to the

inorganic catalyst support.



