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(57) ABSTRACT 
A catalyst composition is provided Which can be used for 
hydrogenating a highly unsaturated hydrocarbon such as an 
alkyne or a diole?n. The catalyst composition contains 
palladium, a catalyst component of either silver or an alkali 
metal compound, or both silver and an alkali metal com 
pound, and a metal aluminate catalyst support. Such metal 
aluminate catalyst support is prepared by a process of 
incorporating alumina With a metal component, preferably 
impregnating alumina With a melted metal component, to 
thereby provide a metal-incorporated alumina folloWed by 
drying and high temperature calcining to thereby provide a 
metal aluminate catalyst support. The catalyst composition 
disclosed can be used for hydrogenating a highly unsatur 
ated hydrocarbon to a less unsaturated hydrocarbon. The 
process involves contacting a highly unsaturated hydrocar 
bon With a catalyst composition in the presence of hydrogen 
under a hydrogenation condition suf?cient to effect a hydro 
genation of the highly unsaturated hydrocarbon. 
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HYDROCARBON HYDROGENATION CATALYST 
AND PROCESS 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a supported metal catalyst 
composition, a process of making such supported metal 
catalyst composition, and to a process of using such sup 
ported metal catalyst composition for hydrogenating a 
highly unsaturated hydrocarbon. 

[0002] It is knoWn to one skilled in the art that a less 
unsaturated hydrocarbon compound can be produced by a 
thermal cracking process. For example, a ?uid stream con 
taining a saturated hydrocarbon such as, for eXample, 
ethane, propane, butane, pentane, naphtha, and the like and 
combinations thereof can be fed into a thermal (or pyrolytic) 
cracking furnace. Within the furnace, the saturated hydro 
carbon is converted to a less unsaturated hydrocarbon com 
pound such as, for eXample, ethylene or propylene. Such less 
unsaturated hydrocarbons are an important class of chemi 
cals that ?nd a variety of industrial uses. For eXample, 
ethylene can be used as a monomer or comonomer for 

producing a polyole?n. Other uses of unsaturated hydrocar 
bons are Well knoWn to one skilled in the art. 

[0003] HoWever, such less unsaturated hydrocarbon pro 
duced by a thermal cracking process generally contains an 
appreciable amount of less desirable highly unsaturated 
hydrocarbon(s) such as alkyne(s) or diole?n(s). For 
eXample, ethylene produced by thermal cracking of ethane 
is generally contaminated With a highly unsaturated hydro 
carbon, such as acetylene, Which must be selectively hydro 
genated to a less unsaturated hydrocarbon, such as ethylene, 
but not to a saturated hydrocarbon such as ethane, in a 
hydrogenation reaction. 

[0004] In addition, catalysts comprising palladium and an 
inorganic support, such as alumina, are knoWn catalysts for 
the hydrogenation of highly unsaturated hydrocarbons such 
as alkynes and/or diole?ns. In the case of the selective 
hydrogenation of acetylene to ethylene, a palladium and 
silver catalyst supported on alumina can be employed. See 
for example US. Pat. No. 4,404,124 and US. Pat. No. 
4,484,015, the disclosures of Which are incorporated herein 
by reference. The operating temperature for this hydroge 
nation process is selected such that essentially all highly 
unsaturated hydrocarbon such as alkyne (e.g., acetylene) is 
hydrogenated to its corresponding less unsaturated hydro 
carbon such as alkene (e.g., ethylene) thereby removing the 
alkyne from the product stream While only an insigni?cant 
amount of alkene is hydrogenated to a saturated hydrocar 
bon such as alkane (e.g., ethane). Such selective hydroge 
nation process minimiZes the loss of desired less unsaturated 
hydrocarbons and, in the front-end and total cracked gas 
processes, avoids a “runaWay” reaction Which is dif?cult to 
control, as has been pointed out in the above-identi?ed 
patents. 

[0005] It is also generally knoWn to those skilled in the art 
that impurities, such as carbon monoxide, and sulfur impu 
rities, such HZS, COS, mercaptans and organic sul?des, 
Which are present in an alkyne-containing feed or product 
stream can poison and deactivate a palladium-containing 
catalyst. For eXample, carbon monoXide is Well knoWn to 
temporarily poison or inactivate such hydrogenation cata 
lyst. It is also generally knoWn by those skilled in the art that 
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a sulfur impurity such as a sulfur compound (such as HZS, 
COS, mercaptans, and organic sul?des), When present dur 
ing the hydrogenation of highly unsaturated hydrocarbons 
such as diole?ns (alkadienes) or alkynes to less unsaturated 
hydrocarbons such as monoole?ns (alkenes), can poison and 
deactivate hydrogenation catalysts. This is especially true in 
a depropaniZer hydrogenation process because the feed 
stream from the depropaniZer being sent to the acetylene 
removal unit (also referred to as “ARU”) of such depro 
paniZer hydrogenation process typically contains loW levels 
of a sulfur compound(s) With the possibility of transient 
spikes in the level of such sulfur compound(s). Thus, the 
development of a catalyst composition and its use in pro 
cesses for the hydrogenation of highly unsaturated hydro 
carbons such as diole?ns (alkadienes) or alkynes to less 
unsaturated hydrocarbons such as monoole?ns (alkenes) in 
the presence of a sulfur impurity such as a sulfur compound 
Would also be a signi?cant contribution to the art and to the 
economy. 

[0006] A palladium-containing “skin” catalyst in Which 
palladium is distributed on the surface or “skin” of the 
catalyst has been developed Which is knoWn to be more 
selective and active than a non-skin catalyst in converting 
acetylene in an ethylene stream to ethylene. See for 
example, US. Pat. No. 4,484,015. It is knoWn that the 
catalyst selectivity is determined, in part, by the skin thick 
ness. Generally, catalyst selectivity decreases as the skin 
thickness increases. There is therefore an ever-increasing 
need to develop a catalyst having a better “skin” on the 
catalyst for a better selective hydrogenation of a highly 
unsaturated hydrocarbon, such as an alkyne, to a less unsat 
urated hydrocarbon, such as an alkene, Without further 
hydrogenation to a saturated hydrocarbon, such as an alkane. 

[0007] Palladium supported on alumina has been success 
fully used in dry hydrogenation processes for many years. 
HoWever, in some processes such as the so-called “total 
cracked gas” process in Which the steam is not removed 
from the ole?ns stream, the selective hydrogenation of a 
highly unsaturated hydrocarbon, such as an alkyne, to a less 
unsaturated hydrocarbon, such as an alkene, must be accom 
plished in the presence of steam. In such process(es), the 
alumina supported catalyst may have a much shorter life 
because alumina is not stable in steam. Therefore, there is 
also an increasing need to develop a palladium-containing 
catalyst on a steam-stable support. 

[0008] As such, development of an improved palladium 
catalyst and a process thereWith in the selective hydrogena 
tion of a highly unsaturated hydrocarbon, such as an alkyne, 
to a less unsaturated hydrocarbon, such as an alkene, in the 
presence of an impurity Would be a signi?cant contribution 
to the art and to the economy. 

[0009] It is also generally knoWn that catalysts having a 
metal aluminate support, such as a Zinc aluminate support, 
can be used in the selective hydrogenation and dehydroge 
nation of hydrocarbons. In general, prior art processes to 
produce such metal aluminate support typically involve 
physically miXing a metal component, such as metal oXide, 
and an aluminum component, such as aluminum oXide, 
folloWed by drying and calcining to produce a metal alu 
minate catalyst support containing a metal aluminate such as 
a Zinc aluminate, also referred to as a Zinc spinel. Another 
common process of producing such metal aluminate catalyst 
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support comprises coprecipitating an aqueous solution of a 
metal component, such as metal nitrate, and an aqueous 
solution of an aluminum component, such as aluminum 
nitrate, followed by drying and calcining such as the process 
disclosed in US. Pat. No. 3,641,182. HoWever, these pro 
cesses are costly and time-consuming. Consequently, a 
process to produce a metal aluminate catalyst support, Which 
does not involve physical mixing or coprecipitation, Which 
can be incorporated With palladium and a catalyst compo 
nent comprising either silver, an alkali metal compound, or 
both silver and an alkali metal compound, and Which can be 
used in the selective hydrogenation of a highly unsaturated 
hydrocarbon, such as an alkyne, to a less unsaturated hydro 
carbon, such as an alkene, in the presence of an impurity 
Would also be of signi?cant contribution to the art and to the 
economy. 

SUMMARY OF THE INVENTION 

[0010] An object of this invention is to provide a catalyst 
composition that can be used for selectively hydrogenating 
a highly unsaturated hydrocarbon, such as an alkyne, to a 
less unsaturated hydrocarbon, such as an alkene. Such 
catalyst composition can be useful as a catalyst in the 
hydrogenation of a highly unsaturated hydrocarbon such as 
a diole?n and/or alkyne to a less unsaturated hydrocarbon 
such as a monoole?n. 

[0011] Another object of this invention is to provide a 
palladium-containing catalyst composition Wherein the pal 
ladium is better distributed on the skin of the catalyst 
composition, as compared to knoWn “skin” catalysts. 

[0012] Yet another object of the present invention is to 
provide a catalyst composition Which comprises a metal 
aluminate catalyst support Wherein such metal aluminate 
catalyst support is prepared by a process that does not 
involve the physical mixing of a metal component and an 
aluminum component. 

[0013] Still another object of the present invention is to 
provide a catalyst composition Which comprises a metal 
aluminate catalyst support Wherein such metal aluminate 
catalyst support is prepared by a process that does not 
involve a coprecipitation of a metal component and an 
aluminum component. 

[0014] A further object of the present invention is to 
provide a catalyst composition Which comprises a metal 
aluminate catalyst support Which is prepared by a process 
that is economically cheaper and easier than a method(s) 
other than the inventive process(es) disclosed herein or prior 
art methods. 

[0015] A still further object of the present invention is to 
provide a method of making such catalyst composition and 
to provide a process of using such catalyst composition to 
hydrogenate a highly unsaturated hydrocarbon, such as an 
alkyne, to a less unsaturated hydrocarbon, such as an alkene, 
Without further hydrogenation to a saturated hydrocarbon, 
such as an alkane. 

[0016] A yet further object of this invention is to employ 
this catalyst composition in the hydrogenation of a highly 
unsaturated hydrocarbon such as a diole?n or an alkyne to 
a less unsaturated hydrocarbon. An advantage of this inven 
tion is that there is an increased or enhanced selectivity to a 
desired product such as a less unsaturated hydrocarbon 
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compared to a catalyst composition prepared by methods 
other than the inventive process(es) disclosed herein. 

[0017] According to a ?rst embodiment of this invention, 
a catalyst composition is provided Which can be used for 
selectively hydrogenating a highly unsaturated hydrocarbon 
such as, for example, an alkyne or a diole?n. The catalyst 
composition comprises palladium, an inorganic support 
material comprising a metal aluminate (i.e., a metal alumi 
nate catalyst support), and a catalyst component comprising 
either silver or an alkali metal compound, or both silver and 
an alkali metal compound. Such metal aluminate catalyst 
support is prepared by a process Which comprises incorpo 
rating alumina With a metal component, preferably impreg 
nating alumina With a melted metal component, to thereby 
provide a metal-incorporated alumina folloWed by drying 
and high temperature calcining to thereby provide a metal 
aluminate catalyst support. Such metal aluminate catalyst 
support contains a metal aluminate similar to those metal 
aluminate catalyst supports produced by physically mixing 
a metal component, such as metal oxide, and an aluminum 
component, such as aluminum oxide, or coprecipitating a 
metal-containing solution and an aluminum-containing solu 
tion, folloWed by drying and calcining. 

[0018] According to a second embodiment of this inven 
tion, a process Which can be used for selectively hydroge 
nating a highly unsaturated hydrocarbon to a less unsatur 
ated hydrocarbon is provided. The process comprises 
contacting a highly unsaturated hydrocarbon With hydrogen, 
in the presence of a catalyst composition, under a condition 
suf?cient to effect a selective hydrogenation of the highly 
unsaturated hydrocarbon. The catalyst composition can be 
the same as the catalyst composition disclosed in the ?rst 
embodiment of this invention. 

[0019] Other objects and advantages of the invention Will 
be apparent from the detailed description of the invention 
and the appended claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] As used in the present invention, the term “?uid” 
denotes gas, liquid, vapor, or combinations thereof. The term 
“palladium” refers to palladium metal. The term “silver” 
refers to silver metal. The term “substantial” or “substan 
tially” generally means more than trivial. The term “satu 
rated hydrocarbon” refers to any hydrocarbon Which does 
not contain any carbon-to-carbon double bonds or carbon 
to-carbon triple bonds. Examples of saturated hydrocarbons 
include, but are not limited to, ethane, propane, butanes, 
pentanes, hexanes, octanes, decanes, naphtha, and the like 
and combinations thereof. 

[0021] The term “highly unsaturated hydrocarbon” refers 
to a hydrocarbon having a triple bond or tWo or more double 
bonds betWeen carbon atoms in the molecule. Examples of 
highly unsaturated hydrocarbons include, but are not limited 
to, aromatic compounds such as benZene and naphthalene; 
alkynes such as acetylene, propyne (also referred to as 
methylacetylene), and butynes; diole?ns such as propadiene, 
butadienes, pentadienes (including isoprene), hexadienes, 
octadienes, and decadienes; and the like and combinations 
thereof. 

[0022] The term “less unsaturated hydrocarbon” refers to 
a hydrocarbon in Which the triple bond in the highly unsat 
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urated hydrocarbon is hydrogenated to a double bond or a 
hydrocarbon in Which the number of double bonds is one 
less, or at least one less, than that in the highly unsaturated 
hydrocarbon. Examples of less unsaturated hydrocarbons 
include, but are not limited to, monoole?ns such as ethylene, 
propylene, butenes, pentenes, hexenes, octenes, decenes, 
and the like and combinations thereof. 

[0023] The term “hydrogenation process” refers to a pro 
cess Which converts a highly unsaturated hydrocarbon such 
as an alkyne or a diole?n to a less unsaturated hydrocarbon 
such as a monoole?n or a saturated hydrocarbon such as an 

alkane. The term “selective” refers to such hydrogenation 
process in Which a highly unsaturated hydrocarbon such as 
an alkyne or a diole?n is converted to a less unsaturated 

hydrocarbon such as a monoole?n Without further hydroge 
nating the less unsaturated hydrocarbon to a saturated hydro 
carbon such as an alkane. Thus, for example, When a highly 
unsaturated hydrocarbon is converted to a less unsaturated 
hydrocarbon Without further hydrogenating such less unsat 
urated hydrocarbon to a saturated hydrocarbon, the hydro 
genation process is “more selective” than When such highly 
unsaturated hydrocarbon is hydrogenated to a less unsatur 
ated hydrocarbon and then further hydrogenated to a satu 
rated hydrocarbon. 

[0024] According to the ?rst embodiment of this inven 
tion, a catalyst composition Which can be used to selectively 
hydrogenate a highly unsaturated hydrocarbon (such as an 
alkyne or a diole?n) to a less unsaturated hydrocarbon (such 
as an alkene or a monoole?n) is provided. The catalyst 
composition comprises (a) palladium such as palladium 
metal, palladium oxide, or combinations thereof, (b) a 
catalyst component comprising silver or an alkali metal 
compound or both silver and an alkali metal compound, and 
(c) an inorganic support comprising a metal aluminate 
Wherein the palladium can be present as “skin” on or near 
the surface of the catalyst composition and the silver or 
alkali metal compound, or both if present, can be distributed 
as skin With the palladium or throughout the catalyst com 
position. 

[0025] The term “skin” refers to the exterior surface of the 
catalyst composition Which can contain components, such as 
palladium, of the catalyst composition. The skin can be any 
thickness as long as such thickness can promote the hydro 
genation process(es) disclosed herein. Generally, the thick 
ness of the skin can be in the range of from about 1 micron 
to about 1000 microns, preferably in the range of from about 
5 microns to about 750 microns, more preferably in the 
range of from about 5 microns to about 500 microns, and 
most preferably in the range of from 10 microns to 300 
microns. Preferably, the palladium is concentrated in the 
skin of the catalyst composition Whereas the catalyst com 
ponent comprising silver or an alkali metal compound, or 
both silver and an alkali metal compound, is distributed 
throughout the catalyst composition. 

[0026] The catalyst composition hydrogenates more effec 
tively When the skin is relatively thin (such as the most 
preferable skin thickness of 10 microns to 300 microns) than 
When then the skin is thicker (such as greater than 300 
microns). Thus, there is a signi?cant bene?t, better or more 
selective hydrogenation, by preparing a catalyst composition 
With a thin skin, rather than a thick skin. Further, there is a 
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signi?cant bene?t, better hydrogenation, by preparing a 
catalyst composition With a skin than a catalyst composition 
Without a skin. 

[0027] Various skin catalysts have been developed. See for 
example US. Pat. No. 4,404,124 and US. Pat. No. 4,484, 
015, the disclosures of Which are incorporated herein by 
reference. 

[0028] One can use any suitable method to determine the 
concentration of the palladium in the skin of the catalyst 
composition. Determining the concentration of the palla 
dium in the skin of the catalyst composition also helps in 
determining the thickness of the skin. One technique cur 
rently favored is the electron microprobe Which is knoWn to 
one skilled in the art. Another technique involves breaking 
open a representative sample of the catalyst composition (in 
catalyst particle form) and treating the catalyst particles With 
a dilute alcoholic solution of N,N-dimethyl-para-nitrosoa 
niline. The treating solution reacts With the palladium to give 
a red color Which can be used to evaluate the distribution of 
the palladium. Another technique for measuring the concen 
tration of the palladium in the skin of the catalyst compo 
sition involves breaking open a representative sample of 
catalyst particles folloWed by treatment With a reducing 
agent such as, for example, hydrogen, to change the color of 
the skin to evaluate the distribution of the palladium. 

[0029] Generally, palladium can be present in the catalyst 
composition in any Weight percent so long as the palladium 
is substantially concentrated as skin on or near the surface of 
the catalyst composition and that such Weight percent is 
effective in selectively hydrogenating a highly unsaturated 
hydrocarbon (such as an alkyne) to a less unsaturated 
hydrocarbon (such as an alkene). Generally, the catalyst 
composition comprises palladium in the range of from about 
0.0001 Weight percent palladium based on the total Weight 
of the catalyst composition to about 3 Weight percent 
palladium, preferably in the range of from about 0.0005 
Weight percent palladium to about 1.5 Weight percent pal 
ladium and, most preferably, in the range of from 0.001 
Weight percent palladium to 1.0 Weight percent palladium. 

[0030] Examples of suitable palladium compounds Which 
can be used for incorporating the palladium of such palla 
dium compounds into, onto, or With an inorganic support 
include, but are not limited to, palladium bromide, palla 
dium chloride, palladium iodide, palladium nitrate, palla 
dium nitrate hydrate, tetraamine palladium nitrate, palla 
dium oxide, palladium oxide hydrate, palladium sulfate, and 
the like and combinations thereof. The palladium can have 
any available oxidation state. The presently preferred pal 
ladium compound is palladium chloride. Most preferably, 
hydrochloric acid is added to such palladium chloride 
(PdCl2) to form a PdCl4_2 complex. Excess hydrochloric 
acid should be avoided. When added to the support by 
impregnation from solution, some of the compounds can be 
added from aqueous solution, but others Will require non 
aqueous solvents such as alcohols, hydrocarbons, ethers, 
ketones and the like. 

[0031] The catalyst composition can additionally com 
prise a catalyst component comprising silver. Silver can be 
present in the catalyst composition in any Weight percent as 
long as such Weight percent is effective in selectively 
hydrogenating a highly unsaturated hydrocarbon (such as an 
alkyne) to a less unsaturated hydrocarbon (such as an 
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alkene). Generally, the catalyst composition comprises sil 
ver in the range of from about 0.0003 Weight percent silver 
based on the total Weight of the catalyst composition to 
about 20 Weight percent silver, preferably in the range of 
from about 0.003 Weight percent silver to about 10 Weight 
percent silver and, most preferably, in the range of from 
0.003 Weight percent silver to 5 Weight percent silver. 
Generally, the Weight ratio of silver to palladium (Ag:Pd 
Weight ratio) in the catalyst composition can be in the range 
of from about 0.1:1 to about 20:1, preferably in the range of 
from about 1:1 to about 10:1 and, most preferably, in the 
range of from 3:1 to 8:1. 

[0032] Suitable examples of silver compounds for use in 
incorporating, preferably impregnating, the silver of such 
silver compound(s) into, onto, or With the inorganic support 
include, but are not limited to, silver nitrate, silver acetate, 
silver cyanide and the like and combinations thereof. The 
presently preferred silver compound is silver nitrate. 

[0033] In lieu of a catalyst component comprising silver or 
in addition to silver, the catalyst composition can addition 
ally comprise a catalyst component comprising an alkali 
metal compound. Any alkali metal-containing compound(s) 
can be used in the catalyst composition as long as the 
resulting catalyst composition is effective in selectively 
hydrogenating a highly unsaturated hydrocarbon (such as an 
alkyne) to a less unsaturated hydrocarbon (such as an 
alkene). Suitable examples of alkali metal compounds for 
use in incorporating, preferably impregnating, the alkali 
metal compound(s) into, onto, or With the inorganic support 
generally include, but are not limited to, alkali metal halides, 
alkali metal hydroxides, alkali metal carbonates, alkali metal 
bicarbonates, alkali metal nitrates, alkali metal carboxylates, 
and the like and combinations thereof. Preferably, the alkali 
metal compound is an alkali metal halide, more preferably 
the alkali metal compound is an alkali metal iodide or an 
alkali metal ?uoride. Generally, the alkali metal of such 
alkali metal compound is selected from the group consisting 
of potassium, rubidium, cesium, and the like and combina 
tions thereof. Preferably, the alkali metal of such alkali metal 
compound is potassium. Preferably, the alkali metal com 
pound is potassium iodide and, more preferably, the 
alkali metal compound is potassium ?uoride 

[0034] Further examples of suitable alkali metal com 
pounds include sodium ?uoride, potassium ?uoride, lithium 
?uoride, rubidium ?uoride, cesium ?uoride, sodium iodide, 
potassium iodide, lithium iodide, rubidium iodide, cesium 
iodide, sodium chloride, potassium chloride, lithium chlo 
ride, rubidium chloride, cesium chloride, sodium bromide, 
potassium bromide, lithium bromide, rubidium bromide, 
cesium bromide, sodium hydroxide, potassium hydroxide, 
lithium hydroxide, rubidium hydroxide, cesium hydroxide, 
sodium oxide, potassium oxide, lithium oxide, rubidium 
oxide, cesium oxide, sodium carbonate, potassium carbon 
ate, lithium carbonate, rubidium carbonate, cesium carbon 
ate, sodium nitrate, potassium nitrate, lithium nitrate, 
rubidium nitrate, cesium nitrate, and the like and combina 
tions thereof. 

[0035] Generally, the catalyst composition comprises 
alkali metal in the range of from about 0.001 Weight percent 
alkali metal to about 10 Weight percent alkali metal based on 
the total Weight of the catalyst composition. Preferably, the 
catalyst composition comprises alkali metal in the range of 
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from about 0.005 Weight percent alkali metal to about 5 
Weight percent alkali metal and, most preferably, in the 
range of from 0.01 Weight percent alkali metal to 2 Weight 
percent alkali metal. Generally, the Weight ratio of alkali 
metal to palladium is in the range of from about 0.05:1 to 
about 500:1. Preferably, the Weight ratio of alkali metal to 
palladium is in the range of from about 0.1:1 to about 200:1 
and, most preferably, in the range of from 0.2:1 to 100:1. 

[0036] When the alkali metal compound is an alkali metal 
iodide, the catalyst composition comprises alkali metal 
iodide in the range of from about 0.03 Weight percent iodine 
(chemically bound as iodide) (on a total catalyst composi 
tion Weight basis) to about 10 Weight percent iodine. Pref 
erably, the catalyst composition comprises alkali metal 
iodide in the range of from about 0.1 Weight percent iodine 
to about 5 Weight percent iodine and, most preferably, in the 
range of from 0.2 Weight percent iodine to 1 Weight percent 
iodine. Generally, the atomic ratio of iodine to alkali metal 
is in the range of from about 0.5 :1 to about 4:1. Preferably, 
the atomic ratio of iodine to alkali metal is in the range of 
from about 1:1 to about 3:1. When the alkali metal com 
pound is an alkali metal iodide, it should be used in lieu of 
the silver. 

[0037] When the alkali metal compound is an alkali metal 
?uoride, the catalyst composition comprises alkali metal 
?uoride in the range of from about 0.03 Weight percent 
?uorine (chemically bound as ?uoride) (on a total catalyst 
composition Weight basis) to about 10 Weight percent ?uo 
rine. Preferably, the catalyst composition comprises alkali 
metal ?uoride in the range of from about 0.1 Weight percent 
?uorine to about 5 Weight percent ?uorine and, most pref 
erably, in the range of from 0.2 Weight percent ?uorine to 1 
Weight percent ?uorine. Generally, the atomic ratio of ?uo 
rine to alkali metal is in the range of from about 0.5:1 to 
about 4:1. Preferably, the atomic ratio of ?uorine to alkali 
metal is in the range of from about 1:1 to about 3:1. 

[0038] The inorganic support material of this invention 
comprises a metal aluminate prepared by an inventive 
process(es) Which does not involve the physical mixing of a 
metal component and an aluminum component and does not 
involve a coprecipitation of a metal component and an 
aluminum component. When a catalyst composition com 
prises an inorganic support material prepared according to 
the inventive process(es) disclosed herein and additionally 
comprises palladium and a catalyst component comprising 
either silver or an alkali metal compound, or both silver and 
an alkali metal compound, and is utiliZed in the hydroge 
nation of a highly unsaturated hydrocarbon to a less unsat 
urated hydrocarbon, there is an increased or enhanced selec 
tivity to a desired product such as a less unsaturated 
hydrocarbon When compared to a catalyst composition com 
prising an inorganic support material prepared by methods 
other than the inventive process(es) disclosed herein. 

[0039] It has been discovered that a metal aluminate 
catalyst support can be readily prepared from existing pre 
formed alumina (also referred to as aluminum oxide) tablets, 
pellets, extrudates, spheres, and the like and combinations 
thereof by incorporating, preferably impregnating, such alu 
mina With a metal component, preferably a melted metal 
component, folloWed by drying, and then high temperature 
calcining. The resulting metal aluminate catalyst support 
contains a metal aluminate such as a Zinc aluminate, also 
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referred to as a Zinc spinel, Which is readily formed on the 
outside of, i.e., on the surface of, the alumina. Such metal 
aluminate catalyst support preparation is considerably 
cheaper and easier than preparation techniques involving 
physically mixing a metal component, such as metal oxide, 
and an aluminum component, such as aluminum oxide, or 
coprecipitating metal-containing and aluminum-containing 
solutions, folloWed by extended calcining and then pellet 
iZing and/or extruding to form catalyst pellets or granules. 

[0040] Generally, the alumina used in producing the metal 
aluminate catalyst support according to the inventive pro 
cess(es) disclosed herein can be any suitable alumina such 
as, but not limited to, alpha alumina, beta alumina, delta 
alumina, eta alumina, gamma alumina, and the like and 
combinations thereof. Preferably, such alumina is gamma 
alumina. The alumina can also contain minor amounts of 
other ingredients, such as, for example, silica in a range of 
from about 1 Weight percent silica to about 10 Weight 
percent silica, Which do not adversely affect the quality of 
the metal aluminate catalyst support. Generally, it is desir 
able to have an essentially pure alumina, preferably essen 
tially pure gamma alumina, as a starting material for pre 
paring the metal aluminate catalyst support. The starting 
alumina can be made by any manner or method(s) knoWn in 
the art. As an example, a suitable commercially available 
starting alumina for use in preparing the metal aluminate 
catalyst support according to the inventive process(es) 
described herein are gamma alumina tablets or extrudate 
pellets or spheres such as those manufactured by UOP Inc., 
McCook, Ill., and Engelhard Company, Elyria, Ohio. 

[0041] Alumina suitable for use in the inventive pro 
cess(es) described herein can also be characteriZed by hav 
ing the folloWing characteristics. Generally, the surface area 
of the alumina is in the range of from about 5 m2/g 
(measured by the Brunauer, Emmett, Teller method, ie BET 
method) to about 400 m2/g, preferably in the range of from 
about 10 m2/g to about 300 m2/g and, most preferably, in the 
range of from 50 m2/g to 200 m2/g. 

[0042] The pore volume of the alumina is generally in the 
range of from about 0.05 mL/g to about 2 mL/g, preferably 
in the range of from about 0.10 mL/g to about 1.5 mL/g and, 
most preferably, in the range of from 0.20 mL/g to 1 mL/g. 

[0043] The average pore diameter of the alumina is gen 
erally in the range of from about 5 angstroms to about 600 
angstroms, preferably in the range of from about 10 ang 
stroms to about 500 angstroms and, most preferably, in the 
range of from 25 angstroms to 200 angstroms. 

[0044] The alumina can have any suitable shape or form. 
Preferably such alumina is in the form of tablets, pellets, 
extrudates, spheres, and the like and combinations thereof. 
The alumina generally has a particle siZe in the range of 
from about 0.5 millimeters to about 10 mm, preferably 
in the range of from about 1 mm to about 8 mm and, most 
preferably, in the range of from 1 mm to 6 mm. 

[0045] Any metal component Which can form a spinel 
When utiliZed in accordance With the inventive process(es) 
disclosed herein can be used. Examples of a potentially 
suitable metal component for incorporating the metal of 
such metal component, preferably impregnating the metal of 
such metal component into, onto, or With the alumina to 
thereby provide a metal-incorporated alumina include, but 
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are not limited to, a Zinc component, a magnesium compo 
nent, a calcium component, a barium component, a beryl 
lium component, a cobalt component, an iron component, a 
manganese component, a strontium component, a lithium 
component, a potassium component ,and the like and com 
binations thereof. Preferable examples of a potentially suit 
able metal component for incorporating the metal of such 
metal component, preferably impregnating the metal of such 
metal component into, onto, or With the alumina to thereby 
provide a metal-incorporated alumina include, but are not 
limited to, a Zinc component, a magnesium component, a 
calcium component, and the like and combinations thereof. 
More preferably, such metal component is a Zinc compo 
nent. 

[0046] Examples of a potentially suitable Zinc component 
for incorporating Zinc, preferably impregnating Zinc into, 
onto, or With the alumina include, but are not limited to, Zinc 
nitrate hexahydrate, Zinc nitrate, hydrated Zinc nitrate, Zinc 
chloride, Zinc acetate dihydrate, Zinc acetylacetonate 
hydrate, Zinc carbonate hydroxide monohydrate, Zinc per 
chlorate hexahydrate, hydrated Zinc sulfate, Zinc sulfate 
monohydrate, Zinc sulfate heptahydrate, and the like and 
combinations thereof. The preferred Zinc component for 
incorporating Zinc, preferably impregnating Zinc into, onto, 
or With the alumina is hydrated Zinc nitrate. The most 
preferred Zinc component for incorporating Zinc, preferably 
impregnating Zinc into, onto, or With the alumina is Zinc 
nitrate hexahydrate. 

[0047] Examples of a potentially suitable magnesium 
component for incorporating magnesium, preferably 
impregnating magnesium into, onto, or With the alumina 
include, but are not limited to, magnesium nitrate hexahy 
drate, magnesium nitrate, hydrated magnesium nitrate, mag 
nesium chloride, hydrated magnesium chloride, magnesium 
chloride hexahydrate, magnesium acetate tetrahydrate, mag 
nesium acetylacetonate dihydrate, magnesium carbonate 
hydroxide pentahydrate, magnesium perchlorate, magne 
sium perchlorate hexahydrate, magnesium sulfate, magne 
sium sulfate heptahydrate, magnesium sulfate monohydrate, 
and the like and combinations thereof. The preferred mag 
nesium component for incorporating magnesium, preferably 
impregnating magnesium into, onto, or With the alumina is 
hydrated magnesium nitrate. The most preferred magnesium 
component for incorporating magnesium, preferably 
impregnating magnesium into, onto, or With the alumina is 
magnesium nitrate hexahydrate. 

[0048] Examples of a potentially suitable calcium com 
ponent for incorporating calcium, preferably impregnating 
calcium into, onto, or With the alumina include, but are not 
limited to, calcium nitrate tetrahydrate, calcium nitrate, 
hydrated calcium nitrate, calcium chloride, hydrated cal 
cium chloride, calcium chloride dihydrate, calcium chloride 
hexahydrate, calcium chloride hydrate, calcium acetate 
hydrate, calcium acetate monohydrate, calcium acetylaceto 
nate hydrate, calcium perchlorate tetrahydrate, calcium sul 
fate, calcium sulfate dihydrate, calcium sulfate hemihydrate, 
and the like and combinations thereof. The preferred cal 
cium component for incorporating calcium, preferably 
impregnating calcium into, onto, or With the alumina is 
hydrated calcium nitrate. The most preferred calcium com 
ponent for incorporating calcium, preferably impregnating 
calcium into, onto, or With the alumina is calcium nitrate 
tetrahydrate. 
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[0049] Examples of a potentially suitable barium compo 
nent for incorporating barium, preferably impregnating 
barium into, onto, or With the alumina include, but are not 
limited to, barium nitrate, hydrated barium nitrate, barium 
chloride, hydrated barium chloride, barium chloride dihy 
drate, barium acetate, barium acetylacetonate hydrate, 
barium carbonate, barium perchlorate, barium perchlorate 
trihydrate, barium sulfate, and the like and combinations 
thereof The preferred barium component for incorporating 
barium, preferably impregnating barium into, onto, or With 
the alumina is hydrated barium nitrate. The most preferred 
barium component for incorporating barium, preferably 
impregnating barium into, onto, or With the alumina is 
barium nitrate. 

[0050] Examples of a potentially suitable beryllium com 
ponent for incorporating beryllium, preferably impregnating 
beryllium into, onto, or With the alumina include, but are not 
limited to, beryllium nitrate trihydrate, hydrated beryllium 
nitrate, beryllium chloride, hydrated beryllium sulfate, 
beryllium sulfate tetrahydrate, and the like and combinations 
thereof. The preferred beryllium component for incorporat 
ing beryllium, preferably impregnating beryllium into, onto, 
or With the alumina is hydrated beryllium nitrate. The most 
preferred beryllium component for incorporating beryllium, 
preferably impregnating beryllium into, onto, or With the 
alumina is beryllium nitrate trihydrate. 

[0051] Examples of a potentially suitable cobalt compo 
nent for incorporating cobalt, preferably impregnating 
cobalt into, onto, or With the alumina include, but are not 
limited to, cobalt nitrate hexahydrate, hydrated cobalt 
nitrate, cobalt chloride, hydrated cobalt chloride, cobalt 
chloride hexahydrate, cobalt chloride hydrate, cobalt acetate 
tetrahydrate, cobalt acetylacetonate, cobalt acetylacetonate 
hydrate, cobalt carbonate hydrate, cobalt perchlorate 
hexahydrate, hydrated cobalt sulfate, cobalt sulfate hydrate, 
and the like and combinations thereof. The preferred cobalt 
component for incorporating cobalt, preferably impregnat 
ing cobalt into, onto, or With the alumina is hydrated cobalt 
nitrate. The most preferred cobalt component for incorpo 
rating cobalt, preferably impregnating cobalt into, onto, or 
With the alumina is cobalt nitrate hexahydrate. 

[0052] Examples of a potentially suitable iron component 
for incorporating iron, preferably impregnating iron into, 
onto, or With the alumina include, but are not limited to, iron 
nitrate nonahydrate, hydrated iron nitrate, iron chloride, 
hydrated iron chloride, iron chloride tetrahydrate, iron chlo 
ride hexahydrate, iron acetate, iron acetylacetonate, iron 
perchlorate hexahydrate, hydrated iron sulfate, iron sulfate 
heptahydrate, and the like and combinations thereof. The 
preferred iron component for incorporating iron, preferably 
impregnating iron into, onto, or With the alumina is hydrated 
iron nitrate. The most preferred iron component for incor 
porating iron, preferably impregnating iron into, onto, or 
With the alumina is iron nitrate nonahydrate. 

[0053] Examples of a potentially suitable manganese com 
ponent for incorporating manganese, preferably impregnat 
ing manganese into, onto, or With the alumina include, but 
are not limited to, manganese nitrate hexahydrate, hydrated 
manganese nitrate, manganese nitrate hydrate, manganese 
chloride, hydrated manganese chloride, manganese chloride 
tetrahydrate, manganese acetate dihydrate, manganese 
acetate tetrahydrate, manganese acetylacetonate, manganese 
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carbonate, manganese perchlorate hexahydrate, hydrated 
manganese sulfate, manganese sulfate monohydrate, and the 
like and combinations thereof. The preferred manganese 
component for incorporating manganese, preferably impreg 
nating manganese into, onto, or With the alumina is hydrated 
manganese nitrate. The most preferred manganese compo 
nent for incorporating manganese, preferably impregnating 
manganese into, onto, or With the alumina is manganese 
nitrate hexahydrate. 

[0054] Examples of a potentially suitable strontium com 
ponent for incorporating strontium, preferably impregnating 
strontium into, onto, or With the alumina include, but are not 
limited to, strontium nitrate, hydrated strontium nitrate, 
strontium chloride, hydrated strontium chloride, strontium 
chloride hexahydrate, strontium acetate, strontium acetylac 
etonate, strontium carbonate, strontium perchlorate hydrate, 
hydrated strontium sulfate, strontium sulfate, and the like 
and combinations thereof. The preferred strontium compo 
nent for incorporating strontium, preferably impregnating 
strontium into, onto, or With the alumina is strontium nitrate. 

[0055] Examples of a potentially suitable lithium compo 
nent for incorporating lithium, preferably impregnating 
lithium into, onto, or With the alumina include, but are not 
limited to, lithium nitrate, hydrated lithium nitrate, lithium 
chloride, hydrated lithium chloride, lithium chloride 
hydrate, lithium acetate dihydrate, lithium acetylacetonate, 
lithium perchlorate, lithium perchlorate trihydrate, lithium 
sulfate, lithium sulfate monohydrate, and the like and com 
binations thereof. The preferred lithium component for 
incorporating lithium, preferably impregnating lithium into, 
onto, or With the alumina is lithium nitrate. 

[0056] Examples of a potentially suitable potassium com 
ponent for incorporating potassium, preferably impregnat 
ing potassium into, onto, or With the alumina include, but are 
not limited to, potassium nitrate, hydrated potassium nitrate, 
potassium chloride, hydrated potassium chloride, potassium 
acetylacetonate hemihydrate, potassium carbonate sesquihy 
drate, potassium perchlorate, potassium sulfate, and the like 
and combinations thereof. The preferred potassium compo 
nent for incorporating potassium, preferably impregnating 
potassium into, onto, or With the alumina is potassium 
nitrate. 

[0057] The metal component(s) may be incorporated into, 
onto, or With the alumina by any suitable means or meth 
od(s) for incorporating the metal of such metal compo 
nent(s) into, onto, or With a substrate material, such as 
alumina, Which results in the formation of a metal-incorpo 
rated alumina Which can then be dried and calcined to 
thereby provide a metal aluminate catalyst support. 
Examples of means or method(s) for incorporating include, 
but are not limited to, impregnating, soaking, spraying, and 
the like and combinations thereof. A preferred method of 
incorporating is impregnating using any standard incipient 
Wetness impregnation technique (i.e., essentially completely 
?lling the pores of the substrate material With a solution of 
the incorporating elements) for impregnating an alumina 
substrate With a metal component. A preferred method uses 
an impregnating solution comprising the desirable concen 
tration of metal component so as to ultimately provide a 
metal-incorporated, preferably metal-impregnated, alumina 
Which can then be subjected to drying and high temperature 
calcining to produce a metal aluminate catalyst support. 
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[0058] It can be desirable to use an aqueous solution of a 
metal component for the impregnation of the alumina. A 
preferred impregnating solution comprises an aqueous solu 
tion formed by dissolving a metal component, preferably 
such metal component is in the form of a metal salt, such as, 
but not limited to, a metal chloride, a metal nitrate, a metal 
sulfate, and the like and combinations thereof, in a solvent, 
such as, but not limited to, Water, alcohols, esters, ethers, 
ketones, and the like and combinations thereof. 

[0059] A preferred impregnating solution is formed by 
dissolving a metal component (such as Zinc nitrate heXahy 
drate, magnesium nitrate heXahydrate, calcium nitrate tet 
rahydrate, barium nitrate, beryllium nitrate trihydrate, cobalt 
nitrate heXahydrate, iron nitrate nonahydrate, manganese 
nitrate heXahydrate, strontium nitrate, lithium nitrate, potas 
sium nitrate, preferably, Zinc nitrate heXahydrate) in Water. 
It is acceptable to use someWhat of an acidic solution to aid 
in the dissolution of the metal component. It is preferred for 
the alumina to be impregnated With a Zinc component by use 
of a solution containing Zinc nitrate heXahydrate dissolved in 
Water. In addition, magnesium nitrate heXahydrate or cal 
cium nitrate tetrahydrate or barium nitrate or beryllium 
nitrate trihydrate or cobalt nitrate heXahydrate or iron nitrate 
nonahydrate or manganese nitrate heXahydrate or strontium 
nitrate or lithium nitrate or potassium nitrate can be used in 
place of Zinc nitrate heXahydrate to impregnate the alumina 
With the metal of the respective metal component(s). 

[0060] Amore preferred method for incorporating a metal 
of a metal component into, onto, or With the alumina is to 
impregnate such alumina With a metal component Which has 
been melted under a melting condition as described herein. 
Preferably such metal component is in the form of a metal 
salt, such as, but not limited to, a metal chloride, a metal 
nitrate, a metal sulfate, and the like and combinations 
thereof (such as, but not limited to, Zinc nitrate heXahydrate, 
magnesium nitrate heXahydrate, calcium nitrate tetrahy 
drate, barium nitrate, beryllium nitrate trihydrate, cobalt 
nitrate heXahydrate, iron nitrate nonahydrate, manganese 
nitrate heXahydrate, strontium nitrate, lithium nitrate, potas 
sium nitrate, and the like and combinations thereof, prefer 
ably, Zinc nitrate heXahydrate). Addition of small amounts of 
an aqueous medium such as Water to the metal component 
can be used to assist in the melting of such metal component. 

[0061] Such melting condition includes a temperature 
beloW the decomposition temperature of the metal compo 
nent for a time period and at a pressure that provides for a 
melted metal component, preferably a pourable melted 
metal component. The term “decomposition temperature” 
refers to the temperature at Which the metal component is no 
longer soluble and is no longer suitable for incorporating, 
preferably impregnating, the metal of such metal component 
into, onto, or With alumina according to the inventive 
process(es) disclosed herein. The term “pourable melted 
metal component” refers to a metal component that has been 
subjected to a melting condition and has become viscous 
enough to pour. 

[0062] The temperature beloW the decomposition tem 
perature of the metal component varies depending on the 
metal component but such temperature should be such as to 
provide a melted metal component. Such temperature is 
generally in the range of from about 25° C. to about 160° C., 
preferably in the range of from about 30° C. to about 150° 
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C., more preferably in the range of from about 35° C. to 
about 140° C. and, most preferably, in the range of from 35° 
C. to 130° C. 

[0063] Such melting condition can include a time period 
generally in the range of from about 1 minute to about 2 
hours, preferably in the range of from about 5 minutes to 
about 1.5 hours and, most preferably, in the range of from 5 
minutes to 1 hour. Such melting condition can include a 
pressure generally in the range of from about atmospheric 
(i.e., about 14.7 pounds per square inch absolute) to about 
150 pounds per square inch absolute (psia), preferably in the 
range of from about atmospheric to about 100 psia, most 
preferably about atmospheric, so long as the desired tem 
perature can be maintained. 

[0064] The thus-melted metal component is then used to 
incorporate, preferably impregnate, the metal of such melted 
metal component into, onto, or With the alumina. The metal 
of such melted metal component is incorporated, preferably 
impregnated, into, onto, or With the alumina by adding such 
melted metal component to the alumina by pouring such 
melted metal component onto the surface of the alumina by 
any manner or method(s) Which results in substantially all 
the surface area of the alumina being coated With the melted 
metal component. Preferably, such melted metal component 
is poured over the surface of the alumina While the alumina 
is under constant stirring or tumbling. 

[0065] It can be desirable to pre-heat the alumina under a 
heating condition before such melted metal component is 
poured over the surface of the alumina. Such heating con 
dition can include a temperature generally in the range of 
from about 80° C. to about 150° C., preferably in the range 
of from about 85° C. to about 140° C. and, most preferably, 
in the range of from 90° C. to 130° C. Such heating 
condition can include a time period generally in the range of 
from about 1 minute to about 2 hours, preferably in the range 
of from about 5 minutes to about 1.5 hours and, most 
preferably, in the range of from 5 minutes to 1 hour. Such 
heating condition can include a pressure generally in the 
range of from about atmospheric (i.e., about 14.7 pounds per 
square inch absolute) to about 150 pounds per square inch 
absolute (psia), preferably in the range of from about atmo 
spheric to about 100 psia, most preferably about atmo 
spheric, so long as the desired temperature can be main 
tained. The metal-incorporated, preferably metal 
impregnated, alumina can be further heated near the melting 
point of the metal component for a time period in the range 
of from about 0.5 hour to about 15 hours, preferably in the 
range of from about 1 hour to about 8 hours and, most 
preferably, in the range of from 1 hour to 5 hours. 

[0066] In a most preferred method, melted Zinc nitrate 
heXahydrate is used to incorporate, preferably impregnate, 
the Zinc of such melted Zinc nitrate heXahydrate into, onto, 
or With the alumina. The Zinc of such melted Zinc nitrate 
heXahydrate is incorporated, preferably impregnated, into, 
onto, or With the alumina by adding such melted Zinc nitrate 
heXahydrate to the alumina by pouring such melted Zinc 
nitrate heXahydrate onto the surface of the alumina by any 
manner or method(s) Which results in substantially all the 
surface area of the alumina being coated With the melted 
Zinc nitrate heXahydrate. Preferably, such melted Zinc nitrate 
heXahydrate is poured over the surface of the alumina While 
the alumina is under constant stirring or tumbling. In addi 
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tion, magnesium nitrate heXahydrate or calcium nitrate tet 
rahydrate or barium nitrate or beryllium nitrate trihydrate or 
cobalt nitrate heXahydrate or iron nitrate nonahydrate or 
manganese nitrate heXahydrate or strontium nitrate or 
lithium nitrate or potassium nitrate can be used in place of 
Zinc nitrate heXahydrate to incorporate, preferably impreg 
nate, the metal of such metal component(s) into, onto, or 
With the alumina in the same above-described manner as for 
incorporating, preferably impregnating, the Zinc of such Zinc 
nitrate heXahydrate. 

[0067] Generally, the amount of metal component, pref 
erably Zinc component, incorporated, preferably impreg 
nated, into, onto, or With the alumina is an amount Which 
provides, after the metal-incorporated alumina has been 
dried and calcined according to the inventive process(es) 
disclosed herein, a metal aluminate catalyst support having 
an amount of metal aluminate generally in the range of from 
about 1 Weight percent of the total Weight of the metal 
aluminate catalyst support to about 100 Weight percent. 
Preferably the amount of metal in, on, or With the metal 
incorporated alumina is in an amount Which provides a 
metal aluminate catalyst support having an amount of metal 
aluminate in the range of from about 15 Weight percent of 
the total Weight of the metal aluminate catalyst support to 
about 75 Weight percent and, most preferably, in the range 
of from 25 Weight percent to 65 Weight percent. 

[0068] The metal-incorporated alumina can then be dried 
under a drying condition. Generally, such drying condition 
can include a temperature in the range of from about 80° C. 
to about 140° C., preferably in the range of from about 90° 
C. to about 130° C. and, most preferably, in the range of 
from 100° C. to 120° C. Such drying condition can also 
include a time period for drying the metal-incorporated 
alumina generally in the range of from about 0.5 hour to 
about 60 hours, preferably in the range of from about 1 hour 
to about 40 hours and, most preferably, in the range of from 
1.5 hours to 20 hours to produce a dried metal-incorporated 
alumina. Such drying condition can also include a pressure 
generally in the range of from about atmospheric (i.e., about 
14.7 pounds per square inch absolute) to about 150 pounds 
per square inch absolute (psia), preferably in the range of 
from about atmospheric to about 100 psia, most preferably 
about atmospheric, so long as the desired temperature can be 
maintained. Any drying method(s) knoWn to one skilled in 
the art such as, for eXample, air drying, heat drying, and the 
like and combinations thereof can be used. 

[0069] The thus-dried metal-incorporated alumina can 
then be calcined under a calcining condition to thereby 
provide a metal aluminate catalyst support. The calcining 
condition is important in providing a metal aluminate cata 
lyst support having physical characteristics, such as, for 
eXample, a surface area, pore volume, average pore diam 
eter, and crystalline domain siZe, in the ranges as disclosed 
herein, suitable for using such metal aluminate catalyst 
support as a support for hydrogenation and dehydrogenation 
catalysts. 

[0070] Generally, such calcining condition can include a 
temperature in the range of from about 600° C. to about 
1350° C., preferably in the range of from about 675° C. to 
about 1300° C., more preferably, in the range of from about 
800° C. to about 1250° C. and, most preferably, in the range 
of from 900° C. to 12000° C. Such calcining condition can 

Nov. 29, 2001 

also include a pressure, generally in the range of from about 
7 pounds per square inch absolute (psia) to about 750 psia, 
preferably in the range of from about 7 psia to about 450 psia 
and, most preferably, in the range of from 7 psia to 150 psia, 
and a time period in the range of from about 1 hour to about 
60 hours, preferably for a time period in the range of from 
about 2 hours to about 20 hours and, most preferably, for a 
time period in the range of from 3 hours to 15 hours. 

[0071] Upon calcination of the dried metal-incorporated 
alumina, a metal aluminate Will form in, on the outside 
surface of, or on, but not limited to, the surface of, the 
alumina to thereby provide a metal aluminate catalyst sup 
port of the invention. Examples of a suitable metal aluminate 
include, but are not limited to, a Zinc aluminate, also referred 
to as a Zinc spinel, a magnesium aluminate, also referred to 
as a magnesium spinel, a calcium aluminate, also referred to 
as a calcium spinel, a barium aluminate, also referred to as 
a barium spinel, a beryllium aluminate, also referred to as a 
beryllium spinel, a cobalt aluminate, also referred to as a 
cobalt spinel, an iron aluminate, also referred to as an iron 
spinel, a manganese aluminate, also referred to as a man 
ganese spinel, a strontium aluminate, also referred to as a 
strontium spinel, a lithium aluminate, also referred to as a 
lithium spinel, a potassium aluminate, also referred to as a 
potassium spinel, and the like and combinations thereof. A 
preferred metal aluminate is selected from the group con 
sisting of a Zinc aluminate, also referred to as a Zinc spinel, 
a magnesium aluminate, also referred to as a magnesium 
spinel, a calcium aluminate, also referred to as a calcium 
spinel, and the like and combinations thereof. A more 
preferred metal aluminate is a Zinc aluminate, also referred 
to as a Zinc spinel. 

[0072] The amount of metal aluminate of the metal alu 
minate catalyst support, preferably Zinc aluminate catalyst 
support, is generally in the range of from about 1 Weight 
percent based on the total Weight of the metal aluminate 
catalyst support to about 100 Weight percent. Preferably, the 
amount of metal aluminate of the metal aluminate catalyst 
support of the invention is in the range of from about 15 
Weight percent based on the total Weight of the metal 
aluminate catalyst support to about 75 Weight percent and, 
most preferably, in the range of from 25 Weight percent to 
65 Weight percent. 

[0073] The amount of alpha alumina of the metal alumi 
nate catalyst support, preferably Zinc aluminate catalyst 
support, is generally in the range of from about 0 Weight 
percent based on the total Weight of the metal aluminate 
catalyst support to about 99 Weight percent, preferably in the 
range of from about 10 Weight percent to about 85 Weight 
percent and, most preferably, in the range of from 15 Weight 
percent to 70 Weight percent. The crystalline domain siZe of 
the alpha alumina of the metal aluminate catalyst support is 
generally in the range of from about 25 angstroms to about 
3000 angstroms, preferably in the range of from about 25 
angstroms to about 2500 angstroms and, most preferably, in 
the range of from 50 angstroms to 2000 angstroms. The 
“crystalline domain siZe” is determined from the line broad 
ening of the X-ray diffraction pro?le. 

[0074] The amount of gamma alumina of the metal alu 
minate catalyst support, preferably Zinc aluminate catalyst 
support, generally ranges upWardly from about 0 Weight 
percent based on the total Weight of the metal aluminate 
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catalyst support to about 60 Weight percent, preferably in the 
range of from about 0 Weight percent to about 50 Weight 
percent and, most preferably, in the range of from 0 Weight 
percent to 40 Weight percent. 

[0075] Generally, the surface area of the metal aluminate 
catalyst support, preferably Zinc aluminate catalyst support, 
is in the range of from about 1 m2/g (measured by the 
Brunauer, Emmett, Teller method, ie BET method) to about 
200 m2/g, preferably in the range of from about 1 m2/g to 
about 150 m2/g, more preferably in the range of from about 
5 m2/g to about 125 m2/g and, most preferably, in the range 
of from 10 m2/g to 80 m2/g. 

[0076] The pore volume of the metal aluminate catalyst 
support, preferably Zinc aluminate catalyst support, is gen 
erally in the range of from about 0.05 mL/ g to about 2 mL/g, 
preferably in the range of from about 0.10 mL/g to about 1.5 
mL/g and, most preferably, in the range of from 0.10 mL/g 
to 1 mL/g. 

[0077] The average pore diameter of the metal aluminate 
catalyst support, preferably Zinc aluminate catalyst support, 
is generally in the range of from about 50 angstroms to about 
1000 angstroms, preferably in the range of from about 50 
angstroms to about 750 angstroms and, most preferably, in 
the range of from 50 angstroms to 450 angstroms. 

[0078] The crystalline domain siZe of the metal aluminate, 
preferably Zinc aluminate, of the metal aluminate catalyst 
support is generally in the range of from about 25 angstroms 
to about 1750 angstroms, preferably in the range of from 
about 25 angstroms to about 1500 angstroms, more prefer 
ably in the range of from about 25 angstroms to about 1250 
angstroms and, most preferably, in the range of from 25 
angstroms to 1000 angstroms. 

[0079] The particle siZe of the metal aluminate catalyst 
support, preferably Zinc aluminate catalyst support, is gen 
erally in the range of from about 0.5 millimeter to 
about 10 mm, preferably in the range of from about 1 mm 
to about 8 mm and, most preferably, in the range of from 1 
mm to 6 mm. 

[0080] The catalyst composition can be fresh or it can be 
a used and thereafter oxidatively regenerated catalyst com 
position. The catalyst composition can have any suitable 
shape such as spherical, cylindrical, trilobal, or combina 
tions thereof. The preferred shape is either spherical or 
cylindrical. The particles of the catalyst composition gener 
ally have a siZe in the range of from about 0.5 millimeters 
(mm) to about 10 mm, preferably in the range of from about 
1 mm to about 8 mm and, most preferably, in the range of 
from 1 mm to 6 mm. Generally, the surface area of the 
catalyst composition is in the range of from about 1 m2/g 
(measured by the Brunauer, Emmett, Teller method, i.e., 
BET method) to about 200 m2/g, preferably in the range of 
from about 1 m2/g to about 150 m2/g, more preferably in the 
range of from about 5 m2/g to about 125 m2/g and, most 
preferably, in the range of from 10 m2/g to 80 m2/g. 

[0081] The catalyst composition can be prepared by any 
suitable method(s) or means Which results in palladium 
concentrated in the exterior surface skin of the catalyst 
composition With a catalyst component comprising silver or 
an alkali metal compound, or both silver and an alkali metal 
compound, distributed in the skin or throughout the catalyst 
composition. Generally, the extent of penetration of the 
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palladium into the skin of the catalyst composition can be 
controlled by adjustment of the acidity of the palladium 
containing solution, used in preparing the catalyst compo 
sition, With an acid such as, for example, hydrochloric acid. 
For example, if the palladium compound is palladium chlo 
ride (PdClZ), hydrochloric acid should be added to the 
palladium-containing solution containing the palladium 
chloride to form a PdCl4_2 complex. Excess hydrochloric 
acid should be avoided. The catalyst composition compo 
nents (a) palladium and/or at least one palladium oxide, and 
(b) a catalyst component comprising either silver or an alkali 
metal compound (preferably potassium ?uoride), or both 
silver and an alkali metal compound, can be deposited onto 
and/or incorporated into or With the inorganic support mate 
rial (comprising a metal aluminate prepared in accordance 
With the inventive process(es) disclosed herein) by any 
suitable means and in any suitable order. 

[0082] The palladium can be incorporated (e.g., by ion 
exchange or impregnation) into, onto, or With the inorganic 
support comprising a metal aluminate. A preferred impreg 
nation utiliZes an incipient Wetness impregnation technique 
in Which a solution of the incorporating element(s) is used 
to essentially completely ?ll the pores of a substrate material 
(such as an inorganic support). The inorganic support can 
also be sprayed With an impregnating solution comprising a 
palladium compound. Generally, the concentration of the 
palladium compound in the impregnating solution is in the 
range of from about 0.01 mmol/L to about 5 mol/L, pref 
erably in the range of from about 0.1 mmol/L to about 2 
mol/L. Preferably, the solvent of the impregnating solution 
is Water or an alcohol such as ethanol or mixtures thereof. 
The Weight ratio of the impregnating solution comprising a 
palladium compound to the inorganic support can be any 
ratio that can produce the catalyst composition comprising 
palladium in the Weight percent ranges disclosed herein. 

[0083] For example, a catalyst component comprising 
silver or an alkali metal compound, or both silver and an 
alkali metal compound, can be incorporated into the inor 
ganic support material comprising a metal aluminate (pre 
pared in accordance With the inventive process(es) disclosed 
herein) by impregnation, folloWed by impregnation With at 
least one Pd compound (such as H2PdCl4) to obtain an 
impregnated material, drying the impregnated material 
under a composition drying condition as described herein to 
obtain a dried material, and then heating (calcining) under a 
composition calcining condition as described herein to 
obtain a ?nal catalyst composition of this invention. 

[0084] More preferably, an inorganic support material 
comprising a metal aluminate (prepared in accordance With 
the inventive process(es) disclosed herein) is impregnated 
With at least one Pd compound (such as H2PdCl4) to obtain 
a palladium-impregnated material, drying the impregnated 
material under a composition drying condition as described 
herein to obtain a dried material, and then heating (calcin 
ing) under a composition calcining condition as described 
herein to thereby obtain a dried and calcined palladium/ 
metal aluminate composition. The palladium/metal alumi 
nate composition can then be contacted With a solution 
(preferably aqueous) of at least one silver compound, pref 
erably silver nitrate, (i.e., a silver-containing solution) or an 
alkali metal compound, preferably potassium ?uoride, (i.e., 
an alkali metal compound-containing solution) folloWed by 
drying under a composition drying condition as described 
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herein to obtain a dried material, and then heating (calcin 
ing) under a composition calcining condition as described 
herein to thereby obtain a ?nal catalyst composition of this 
invention having a concentration of silver or alkali metal in 
the ranges as disclosed herein. 

[0085] The palladium/metal aluminate composition can be 
contacted With a solution (preferably aqueous) of a silver 
compound (i.e., a silver-containing solution) folloWed by 
drying under a composition drying condition as described 
herein to obtain a dried material, and then heating (calcin 
ing) under a composition calcining condition as described 
herein to thereby obtain a palladium/silver/metal aluminate 
composition. Such palladium/silver/metal aluminate com 
position can then be contacted With a solution of an alkali 
metal compound (i.e., an alkali metal compound-containing 
solution) folloWed by drying under a composition drying 
condition as described herein to obtain a dried material, and 
then heating (calcining) under a composition calcining con 
dition as described herein to thereby obtain a ?nal catalyst 
composition of this invention having concentrations of silver 
and alkali metal in the ranges as disclosed herein. 

[0086] In addition, an alkali metal compound (or an alkali 
metal compound-containing solution) can be incorporated 
(e.g., by impregnation or spraying) onto the inorganic sup 
port material comprising a metal aluminate before such 
support is impregnated With a suitable palladium compound 
(or a palladium-containing solution) and, if desired, With a 
suitable silver compound (or a silver-containing solution). 
Alternatively, an alkali metal compound can be incorporated 
(e.g., by impregnation or spraying) With an inorganic sup 
port material comprising a metal aluminate simultaneously 
With or after the impregnation With a suitable palladium 
compound. When silver is also present in the catalyst 
composition, an alkali metal compound can be incorporated 
With the inorganic support material betWeen the palladium 
and silver impregnation steps or after the impregnation With 
palladium and silver compounds. 

[0087] Also for example, a palladium/silver/metal alumi 
nate composition as described herein can be contacted, 
preferably impregnated, With an aqueous solution of at least 
one alkali metal hydroxide and/or at least one alkali metal 
?uoride (preferably KOH and/or KF), folloWed by drying 
under a composition drying condition as described herein 
and calcining under a composition calcining condition as 
described herein. At least one “Wet-reducing” agent (i.e., one 
or more than one dissolved reducing agent) can also be 
present during the contacting of the palladium/silver/metal 
aluminate composition With at least one alkali metal hydrox 
ide and/or at least one alkali metal ?uoride. Non-limiting 
examples of such “Wet-reducing” agents are: hydraZine, an 
alkali metal borohydride, an aldehyde containing 1-6 carbon 
atoms per molecule such as formaldehyde, a ketone con 
taining 1-6 carbon atoms per molecule, a carboxylic acid 
containing 1-6 carbon atoms per molecule such as formic 
acid or ascorbic acid, a reducing sugar containing an alde 
hyde or alpha-hydroxyketone group such as dextrose, and 
the like and combinations thereof. 

[0088] Also for example, a palladium/silver/metal alumi 
nate composition as described herein can be contacted, 
preferably impregnated, With a non-alkali metal ?uoride 
(preferably selected from the group consisting of HF, NH4F, 
NH4HF2> and the like and combinations thereof, more pref 

Nov. 29, 2001 

erably NH4F) disclosed herein in any suitable manner. The 
non-alkali metal ?uoride (preferably NH4F) can be incor 
porated together With palladium and an alkali metal com 
pound or a suitable silver compound (or palladium and both 
an alkali metal compound and a suitable silver compound). 
Or, the non-alkali metal ?uoride can be incorporated after 
the impregnation of the inorganic support material compris 
ing a metal aluminate With palladium and an alkali metal 
compound, or palladium and both an alkali metal compound 
and a suitable silver compound. After the incorporation of 
palladium, alkali metal, ?uoride (and/or silver) compounds 
into the support material has been completed (as described 
herein), the thus-obtained material is dried under a compo 
sition drying condition as described herein and then calcined 
under a composition calcining condition as described herein. 
Optionally, the calcined material can then be reduced With 
hydrogen gas (preferably at a temperature in the range of 
from about 30° C. to about 100° C., for a time period in the 
range of from about 0.5 hour to about 20 hours), so as to 
reduce oxides of palladium and of silver (if present) to the 
corresponding metal(s). 
[0089] Generally, the concentration of a silver compound 
or an alkali metal compound (preferably an alkali ?uoride 
compound) in the contacting solution (preferably aqueous) 
is in the range of from about 0.01 mmol/L to about 10 mol/L 
(preferably in the range of from about 0.1 mmol/L to about 
3 mol/L). The preferred silver contacting method is by 
soaking, i.e., essentially completely ?lling the pores and the 
external surface of the inorganic support material compris 
ing a metal aluminate With a silver compound-containing 
solution. The preferred alkali metal contacting method is 
“incipient Wetness impregnation,” i.e., essentially com 
pletely ?lling the pores of the inorganic support material 
comprising a metal aluminate With an alkali metal com 
pound-containing solution (preferably an alkali ?uoride 
containing solution). Generally, the Weight ratio of a silver 
containing compound solution or an alkali metal compound 
containing solution to the inorganic support material can be 
any ratio that can produce a catalyst composition having a 
concentration of silver or alkali metal, or both silver and 
alkali metal, in the ranges disclosed herein. The impregnated 
material can then be dried under a composition drying 
condition as described herein folloWed by calcining under a 
composition calcining condition as described herein to 
obtain the ?nal catalyst composition. 

[0090] Generally a composition drying condition, as 
referred to herein, includes a temperature in the range of 
from about 35° C. to about 160° C., preferably in the range 
of from about 40° C. to about 155° C. and, most preferably, 
in the range of from 45° C. to 150° C. Such composition 
drying condition includes a time period for conducting such 
drying generally in the range of from about 0.5 hour to about 
6 hours, preferably in the range of from about 1 hour to 
about 5 hours and, most preferably, in the range of from 1.5 
hours to 4 hours. Such composition drying condition 
includes a pressure in the range of from about atmospheric 
(i.e., about 14.7 pounds per square inch absolute) to about 
100 pounds per square inch absolute (psia), preferably about 
atmospheric. 

[0091] Generally a composition calcining condition, as 
referred to herein, includes calcining of the composition 
either in air or in a non-oxidiZing gas atmosphere at a 
temperature in the range of from about 200° C. to about 800° 
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C., preferably at a temperature in the range of from about 
250° C. to about 600° C. and, most preferably, at a tem 
perature in the range of from 350° C. to 550° C. Such 
composition calcining condition generally includes a time 
period in the range of from about 0.5 hour to about 40 hours, 
preferably for a time period in the range of from about 0.75 
hour to about 30 hours and, most preferably, for a time 
period in the range of from 1 hour to 20 hours. Such 
composition calcining condition generally includes a pres 
sure in the range of from about 7 pounds per square inch 
absolute (psia) to about 750 psia, preferably in the range of 
from about 7 psia to about 450 psia and, most preferably, in 
the range of from 7 psia to 150 psia. 

[0092] According to the second embodiment of this inven 
tion, a hydrogenation process is provided. The hydrogena 
tion process of this invention can comprise contacting a 
hydrocarbon-containing ?uid Which comprises one or more 
highly unsaturated hydrocarbon(s) such as an aromatic 
hydrocarbon(s), alkyne(s), and/or diole?n(s) With the cata 
lyst composition disclosed herein in the presence of hydro 
gen in a hydrogenation Zone under a hydrogenation condi 
tion to hydrogenate such one or more highly unsaturated 
hydrocarbon(s) to a less unsaturated hydrocarbon such as a 
monoole?n. The highly unsaturated hydrocarbon(s) is 
present in the hydrocarbon-containing ?uid as an impurity 
generally at a level found in typical commercial feed 
streams. The highly unsaturated hydrocarbon(s) is present in 
the hydrocarbon-containing ?uid generally in the range of 
from about 1 part by Weight highly unsaturated hydrocar 
bon(s) per billion parts by Weight hydrocarbon-containing 
?uid (i.e., about 1 ppb) to about 50 parts by Weight highly 
unsaturated hydrocarbon(s) per 500 parts by Weight hydro 
carbon-containing ?uid (i.e., about 10 Weight percent), typi 
cally at a level in the range of from about 10 ppb to about 
5 Weight percent and, most typically, at a level in the range 
of from 100 ppb to 1 Weight percent. 

[0093] Hydrogen can be present either in the hydrocarbon 
containing ?uid or in a hydrogen-containing ?uid Which is 
mixed With the hydrocarbon-containing ?uid before contact 
ing With the catalyst composition disclosed herein. If a 
hydrogen-containing ?uid is used, it can be a substantially 
pure hydrogen or any ?uid containing a su?icient concen 
tration of hydrogen to effect the hydrogenation disclosed 
herein. It can also contain other gases such as, for example, 
nitrogen, methane, carbon monoxide, carbon dioxide, steam, 
or combinations thereof so long as the hydrogen-containing 
?uid contains a su?icient concentration of hydrogen to effect 
the hydrogenation disclosed herein. 

[0094] Optionally, the catalyst can be ?rst treated, prior to 
the hydrogenation disclosed herein, With a hydrogen-con 
taining ?uid to activate the catalyst composition. Such 
reductive, or activation, treatment can be carried out at a 
temperature generally in the range of from about 20° C. to 
about 200° C., preferably in the range of from about 25° C. 
to about 150° C. and, most preferably, in the range of from 
30° C. to 125° C. for a time period in the range of from about 
1 minute to about 30 hours, preferably in the range of from 
about 0.5 hour to about 25 hours and, most preferably, in the 
range of from 1 hour to 20 hours at a pressure generally in 
the range of from about 1 pound per square inch absolute to 
about 1000 pounds per square inch absolute (psia), prefer 
ably in the range of from about 14.7 psia to about 500 psia 
and, most preferably, in the range of from 60 psia to 200 
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psia. During this reductive treatment, palladium and silver 
compounds (primarily oxides) Which may be present in the 
catalyst composition after the composition drying step and 
the composition calcining step described herein are substan 
tially reduced to palladium and silver. When this optional 
reductive treatment is not carried out, the hydrogen gas 
present in the reaction medium accomplishes this reduction 
of oxides of palladium and silver during the initial phase of 
the selective hydrogenation reaction(s) of this invention. 
[0095] The hydrocarbon-containing ?uid of the hydroge 
nation process(es) of this invention can also comprise one or 
more less unsaturated hydrocarbon(s) such as a monoole 
?n(s) and one or more saturated hydrocarbon(s) such as an 
alkane(s). These additional hydrocarbons can be present in 
the hydrocarbon-containing ?uid at a level in the range of 
from about 0.001 Weight percent to about 99.999 Weight 
percent. 
[0096] Examples of suitable alkynes include, but are not 
limited to, acetylene, propyne (also referred to as methy 
lacetylene), 1-butyne, 2-butyne, 1 -pentyne, 2-pentyne, 
3-methyl-1 -butyne, 1 -hexyne, 1 -heptyne, 1-octyne, 1-non 
yne, 1-decyne, and the like and combinations thereof. The 
presently preferred alkynes are acetylene and propyne. 
[0097] The alkynes are primarily hydrogenated to the 
corresponding alkenes. For example, acetylene is primarily 
hydrogenated to ethylene; propyne is primarily hydroge 
nated to propylene; and the butynes are primarily hydroge 
nated to the corresponding butenes (e.g., 1-butene, 
2-butenes). 
[0098] Examples of suitable diole?ns include those con 
taining in the range of from 3 carbon atoms per molecule to 
about 12 carbon atoms per molecule. Such diole?ns include, 
but are not limited to, propadiene, 1,2-butadiene, 1,3-buta 
diene, isoprene, 1,2-pentadiene, 1,3-pentadiene, 1,4-penta 
diene, 1,2-hexadiene, 1,3-hexadiene, 1,4-hexadiene, 1,5 
hexadiene, 2-methyl-1,2-pentadiene, 2,3 -dimethyl-1,3 
butadiene, heptadienes, methylhexadienes, octadienes, 
methylheptadienes, dimethylhexadienes, ethylhexadienes, 
trimethylpentadienes, methyloctadienes, dimethylhepta 
dienes, ethyloctadienes, trimethylhexadienes, nonadienes, 
decadienes, undecadienes, dodecadienes, cyclopentadienes, 
cyclohexadienes, methylcyclopentadienes, cyclohepta 
dienes, methylcyclohexadienes, dimethylcyclopentadienes, 
ethylcyclopentadienes, dicyclopentadiene, and the like and 
combinations thereof. 

[0099] Presently preferred diole?ns are propadiene, 1,2 
butadiene, 1,3-butadiene, pentadienes (such as 1,3-pentadi 
ene, 1,4-pentadiene, isoprene), cyclopentadienes (such as 
1,3-cyclopentadiene) and dicyclopentadiene (also knoWn as 
tricyclo[5.2.1]2’°deca-3,8-diene). These diole?ns are prefer 
ably hydrogenated to their corresponding monoole?ns con 
taining the same number of carbon atoms per molecule as 
the diole?ns. For example, propadiene is hydrogenated to 
propylene, 1,2-butadiene and 1,3-butadiene are hydroge 
nated to 1-butene and 2-butene, 1,3-pentadiene and 1,4 
pentadiene are hydrogenated to 1-pentene and 2-pentene, 
isoprene is hydrogenated to methyl-1-pentenes and methyl 
2-pentenes, and 1,3-cyclopentadiene is hydrogenated to 
cyclopentene. 
[0100] Examples of suitable aromatic hydrocarbons 
include, but are not limited to, benZene, toluene, ethylben 
Zene, styrene, xylenes, and the like and combinations 
thereof. 
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[0101] Examples of suitable monoole?ns include, but are 
not limited to, ethylene, propylene, 1-butene, 2-butene, 
isobutylene, 1-pentene, 2-pentene, methyl-1 -butenes (such 
as 2-methyl-1-butene), methyl-2-butenes (such as 2-methyl 
2-butene), 1-hexene, 2-hexene, 3-hexene, methyl-1 
pentenes, 2,3-dimethyl-1-butene, 1-heptene, 2-heptene, 
3-heptene, methyl-l-hexenes, methyl-2-hexenes, methyl-3 
hexenes, dimethylpentenes, ethylpentenes, octenes, methyl 
heptenes, dimethylhexenes, ethylhexenes, nonenes, methy 
loctenes, dimethylheptenes, ethylheptenes, 
trimethylhexenes, cyclopentene, cyclohexene, methylcyclo 
pentene, cycloheptene, methylcyclohexene, dimethylcyclo 
pentenes, ethylcyclopentenes, cyclooctenes, methylcyclo 
heptenes, dimethylcyclohexenes, ethylcyclohexenes, 
trimethylcyclohexenes, methylcyclooctenes, dimethylcy 
clooctenes, ethylcyclooctenes, and the like and combina 
tions thereof. 

[0102] Examples of suitable saturated hydrocarbons 
include, but are not limited to, methane, ethane, propane, 
butane, methylpropane, methylbutane, dimethylbutane, pen 
tanes, hexanes, and the like and combinations thereof. 

[0103] Furthermore, the hydrocarbon-containing ?uid can 
contain in the range of from about 0.001 Weight percent 
hydrogen to about 5 Weight percent hydrogen, and up to 
5000 parts per million by volume (ppmv) of carbon mon 
oxide. 

[0104] The hydrocarbon-containing ?uid disclosed herein 
may contain an impurity at a level Which does not signi? 
cantly interfere With the hydrogenation process of a highly 
unsaturated hydrocarbon to a less unsaturated hydrocarbon 
as described herein. The term “impurity” as used herein 
denotes any component in a hydrocarbon-containing ?uid 
that is not a major component. Examples of impurities other 
than an alkyne or a diole?n include, but are not limited to 
carbon monoxide, hydrogen sul?de, carbonyl sul?de (COS), 
carbon disul?de (CS2), mercaptans (RSH), organic sul?des 
(RSR), organic disul?des (RSSR), thiophene, organic trisul 
?des, organic tetrasul?des, and the like and combinations 
thereof, Wherein each R can be an alkyl or cycloalkyl or aryl 
group containing 1 carbon atom to about 15 carbon atoms, 
preferably 1 carbon atom to 10 carbon atoms . It is Within the 
scope of this invention to have additional compounds (such 
as Water, alcohols, ethers, aldehydes, ketones, carboxylic 
acids, esters, other oxygenated compounds, and the like and 
combinations thereof) present in the hydrocarbon-contain 
ing ?uid, as long as they do not signi?cantly interfere With 
the hydrogenation process of a highly unsaturated hydro 
carbon to a less unsaturated hydrocarbon as described 
herein. 

[0105] The hydrogenation process(es) of this invention is 
generally carried out by contacting a hydrocarbon-contain 
ing ?uid comprising at least one highly unsaturated hydro 
carbon, in the presence of hydrogen, With the catalyst 
composition of this invention under a hydrogenation con 
dition. The hydrocarbon-containing ?uid can be contacted 
by any suitable manner With the catalyst composition 
described herein Which is contained Within a hydrogenation 
Zone. Such hydrogenation Zone can comprise, for example, 
a reactor vessel. 

[0106] The contacting step, of contacting the hydrocar 
bon-containing ?uid With the catalyst composition disclosed 
herein, can be operated as a batch process step or, preferably, 
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as a continuous process step. In the latter operation, a solid 
or ?xed catalyst bed or a moving catalyst bed or a ?uidiZed 
catalyst bed can be employed. Preferably, a ?xed catalyst 
bed is employed. Any of these operational modes have 
advantages and disadvantages, and those skilled in the art 
can select the one most suitable for a particular hydrocar 
bon-containing ?uid and catalyst composition. 

[0107] The contacting step is preferably carried out Within 
a hydrogenation Zone, Wherein is contained the catalyst 
composition disclosed herein, and under a hydrogenation 
condition that suitably promotes the hydrogenation process 
of a highly unsaturated hydrocarbon to a less unsaturated 
hydrocarbon as described herein. Such hydrogenation con 
dition should be such as to avoid signi?cant hydrogenation 
of a less unsaturated hydrocarbon(s) being initially present 
in the hydrocarbon-containing ?uid to a saturated hydrocar 
bon(s) such as an alkane(s) or cycloalkane(s). 

[0108] Generally, such hydrogenation process comprises 
the presence of hydrogen, preferably hydrogen gas, in an 
amount in the range of from about 0.1 mole of hydrogen 
employed for each mole of highly unsaturated hydrocarbon 
present in the hydrocarbon-containing ?uid to about 1000 
moles of hydrogen employed for each mole of highly 
unsaturated hydrocarbon present in the hydrocarbon-con 
taining ?uid. Preferably, such hydrogenation process com 
prises the presence of hydrogen, preferably hydrogen gas, in 
an amount in the range of from about 0.5 mole to about 500 
moles of hydrogen employed for each mole of highly 
unsaturated hydrocarbon present in the hydrocarbon-con 
taining ?uid and, most preferably, in the range of from 0.7 
mole to 200 moles of hydrogen employed for each mole of 
highly unsaturated hydrocarbon present in the hydrocarbon 
containing ?uid. 

[0109] Generally, such hydrogenation condition com 
prises a temperature and a pressure necessary for the hydro 
genation process(es) of this invention depending largely 
upon the activity of the catalyst composition, the hydrocar 
bon-containing ?uid, and the desired extent of hydrogena 
tion. Generally, such temperature is in the range of from 
about 10° C. to about 300° C., preferably in the range of 
from about 20° C. to about 250° C. and, most preferably, in 
the range of from 20° C. to 200° C. A suitable pressure is 
generally in the range of from about 15 pounds per square 
inch gauge (psig) to about 2000 psig, preferably in the range 
of from about 50 psig to about 1500 psig and, most prefer 
ably, in the range of from 100 psig to 1000 psig. 

[0110] Such hydrogenation condition further comprises 
the ?oW rate at Which the hydrocarbon-containing ?uid is 
charged (i.e., the charge rate of hydrocarbon-containing 
?uid) to the hydrogenation Zone. The ?oW rate is such as to 
provide a gas hourly space velocity (“GHSV”) generally 
exceeding 1 liter/liter/hour. The term “gas hourly space 
velocity”, as used herein, shall mean the numerical ratio of 
the rate at Which a hydrocarbon-containing ?uid is charged 
to the hydrogenation Zone in liters per hour at standard 
condition of temperature and pressure (“STP”) divided by 
the liters of catalyst composition contained in the hydroge 
nation Zone to Which the hydrocarbon-containing ?uid is 
charged. Typically, the gas hourly space velocity of the 
hydrocarbon-containing ?uid Will be in the range of from 
about 1 to about 50,000 liters of hydrocarbon-containing 
?uid per liter of catalyst per hour (liter/liter/hour), preferably 
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in the range of from about 750 to about 40,000 liter/liter/ 
hour and, most preferably, in the range of from 1000 to about 
30,000 liter/liter/hour. 

[0111] If it is desired to regenerate the catalyst composi 
tion of this invention after prolonged use in the hydrogena 
tion process(es) described herein, the regeneration can be 
accomplished by calcining the catalyst composition in an 
oxidiZing atmosphere such as in air at a temperature that 
does not exceed about 700° C. to bum off carbonaceous and 
sulfur deposits. Optionally, the catalyst composition can be 
reimpregnated With palladium and a catalyst component 
comprising either silver or an alkali metal compound, or 
both silver and an alkali metal compound, and then dried and 
calcined as described herein for the production of a fresh 
catalyst composition of this invention. 

[0112] The folloWing examples are presented to further 
illustrate this invention and are not to be construed as unduly 
limiting the scope of this invention. 

EXAMPLE I 

[0113] This example illustrates the preparation of various 
palladium-containing catalyst compositions to be used in a 
hydrogenation process. It should be noted that differences in 
the Weight percents of the various components, such as Pd, 
Ag, and KP, incorporated With the various inorganic support 
materials is in part due to the differences in pore volume and 
surface area of the respective inorganic support material. It 
should also be noted that it is generally knoWn in the art that 
as the concentration of silver incorporated With the hydro 
genation catalyst increases, the hydrogenation catalyst 
becomes less active. Similarly, it is also generally knoWn in 
the art that as the concentration of an alkali metal, such as 
potassium, incorporated With the hydrogenation catalyst 
increases, the hydrogenation catalyst becomes less active. 

[0114] Catalyst A (Control) Was a commercially available 
Pd/Ag/alumina catalyst composition Which contained about 
0.018 Weight percent palladium (Pd) and about 0.056 Weight 
percent silver (Ag) on 7/32 inch by 7/32 inch ot-Al2O3 pellets. 
Control Catalyst A had a surface area measured by the BET 
method (Brunauer, Emmett and Teller method) employing 
N2 of about 3 m2/g to about 5 m2/g and had been provided 
by United Catalyst Inc. (UCI), Louisville, Ky., under the 
product designation of “G83C”. The G83C catalyst is a 
hydrogenation catalyst Which is Widely used in industry. 

[0115] Catalyst B (Invention) Was a Pd/Ag/ZnAl2O4 cata 
lyst composition prepared as folloWs. A 150 gram quantity 
of commercially available gamma alumina (provided by 
Englehard Company, Elyria, Ohio, obtained as pre-calcined 
pellets having a diameter of about Vs inch) Was placed in a 
drying oven at 130° C. for about 1 hour. The thus-heated 
gamma alumina Was then impregnated, by an incipient 
Wetness impregnation technique (i.e., essentially completely 
?lling the pores of the substrate material With a solution of 
the incorporating elements), With about 136 grams of Zinc 
nitrate hexahydrate (Zn(NO3)2.6H2O) Which had been 
melted in a drying oven at a temperature of about 130° C. at 
a pressure of about atmospheric (i.e., about 14.7 psia) for 
about one hour. The impregnation of the gamma alumina 
pellets With the melted Zinc nitrate hexahydrate Was con 
ducted by adding the melted Zinc nitrate hexahydrate drop 
Wise to the gamma alumina pellets over a 30 minute period 
using a 5 mL pipette. The gamma alumina pellets Were 
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continuously stirred during the addition of the melted Zinc 
nitrate hexahydrate. When ?nished, the thus-Zinc-incorpo 
rated alumina Was placed in a drying oven at 130° C. for 
about 48 hours. The thus-dried Zinc-incorporated alumina 
Was then placed in a quartZ calcining tube and sloWly heated 
to 300° C. over a three-hour period under an air purge as 
NOx gas liberation Was observed. The calcining tube Was 
constantly purged With air during calcination. The tempera 
ture Was maintained at 300° C. for 3 hours and then 
increased to 400° C. The 400° C. temperature Was main 
tained overnight (approximately 16 hours) and then 
increased to 1100° C. over tWo hours and then maintained at 
1 100° C. for 7 hours. The furnace providing heat to the 
calcining tube Was then turned off overnight (approximately 
16 hours). The calcining tube Was then heated to 1100° C. 
over 3 hours and then maintained at 1100° C. for 4 hours. 
The calcining tube Was then alloWed to cool for a time 
period of about 2 hours to thereby provide a Zinc aluminate 
catalyst support. The Zinc aluminate of the Zinc aluminate 
catalyst support had a crystalline domain siZe of 1075 
angstroms. The alpha alumina of the Zinc aluminate catalyst 
support had a crystalline domain siZe of 465 angstroms. The 
“crystalline domain siZe” Was determined from the line 
broadening of the X-ray diffraction pro?le. Analysis con 
?rmed that the Zinc aluminate catalyst support had a surface 
area of about 14 m2/g, a pore volume of about 0.145 mL/g, 
and an average pore diameter of about 401 angstroms. In 
addition, the X-ray diffraction pro?le con?rmed that the 
catalyst support had a Zinc aluminate structure. 

[0116] Then, a 0.037 gram quantity of palladium chloride 
(PdCl2) Was dissolved in 3 grams of distilled Water With 20 
drops of concentrated HCl to form a solution in a beaker. 
The solution Was heated to almost dryness on a hot plate. A 
30.11 gram quantity of distilled Water Was then added to 
reconstitute and prepare a H2PdCl4 solution. 

[0117] A 100 gram quantity of the above-described Zinc 
aluminate catalyst support Was then impregnated With (i.e, 
soaked in) the above-described H2PdCl4 solution. The Pd 
containing composition Was then dried in air at 105° C. 
overnight (i.e., about 16 hours) to thereby provide a dried 
Pd-containing composition. The thus-dried Pd-containing 
composition Was then calcined in air at 400° C. for about 16 
hours to thereby provide a dried and calcined Pd-containing 
composition. 

[0118] To aid in the removal of any chloride(s), the dried 
and calcined Pd-containing composition Was added to a 500 
mL quantity of distilled Water and heated to boiling. The 
solution Was decanted off. This boiling and decanting pro 
cedure Was repeated three times. The remaining Pd-contain 
ing composition Was then rinsed for about 5 minutes With 
distilled Water. The remaining Pd-containing composition 
Was then dried in air at 105 ° C. overnight (i.e., about 16 
hours) to thereby provide a dried Pd-containing composi 
tion. The thus-dried Pd-containing composition Was then 
impregnated With (i.e., soaked in) a solution of 0.328 grams 
of silver nitrate (AgNO3) in 75 grams of distilled Water for 
about 120 minutes. The solution Was decanted off. The 
remaining palladium-and-silver-containing composition 
Was then dried in air at 105° C. for about 3 hours and then 
calcined in air at 400° C. for about 5.5 hours to thereby 
provide Invention Catalyst B (a Pd/Ag/ZnAl2O4 catalyst 
composition). Invention Catalyst B contained 0.018 Weight 
percent Pd and 0.128 Weight percent Ag. 
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[0119] Catalyst C (Control) Was a Pd/Ag/KF/alumina 
catalyst composition prepared as folloWs. A 1000 mL potas 
sium ?uoride solution containing a 29.27 gram quan 
tity of potassium ?uoride dissolved in distilled Water 
Was prepared. To 400 mL of such 1000 mL KF solution Was 
added a 100.44 gram quantity of the above-described G83C 
(Control Catalyst A) to thereby provide a KF/G83C-con 
taining solution. The KF/G83C-containing solution Was 
heated to boiling. The solution Was decanted off and the 
remaining solid Was rinsed tWice With distilled Water. Each 
rinsing lasted about 5 minutes. The procedure Was then 
repeated using another 400 mL of such 1000 mL KF 
solution. The procedure Was then repeated using the remain 
ing 200 mL of such 1000 mL KF solution. The remaining 
KF/G83C composition Was then dried in air at 105° C. 
overnight (i.e., about 16 hours) to thereby provide a dried 
KF/G83C composition. The thus-dried KF/G83C composi 
tion Was then calcined in air at 400° C. for about 2 hours to 
thereby provide a dried and calcined KF/G83C composition. 
A 66.03 gram quantity of such dried and calcined KF/G83C 
composition Was then impregnated, using an incipient Wet 
ness technique (i.e., essentially completely ?lling the pores 
of a substrate material With a solution of the incorporating 
elements) With a KF solution of 0.50 gram KF dissolved in 
22.10 grams of distilled Water. The resulting KF/G83C 
composition Was then dried in air at 105° C. for about 5 
hours to thereby provide a dried KF/G83C composition. The 
thus-dried KF/G83C composition Was then calcined in air at 
526° C. overnight (i.e., about 16 hours) to thereby provide 
Control Catalyst C. Control Catalyst C contained 0.018 
Weight percent Pd, 0.056 Weight percent Ag, and 0.52 
Weight percent K. 

[0120] Catalyst D (Invention) Was a Pd/Ag/KF/ZnAl2O4 
catalyst composition prepared as folloWs. A 1000 mL potas 
sium ?uoride solution containing a 29.0 gram quantity 
of potassium ?uoride dissolved in distilled Water Was 
prepared. To 400 mL of such 1000 mL KF solution Was 
added a 70.95 gram quantity of the above-described Inven 
tion Catalyst B (a Pd/Ag/ZnAl2O4 catalyst composition) to 
thereby provide a KF/Pd/Ag/ZnAl2O4-containing solution. 
The KF/Pd/Ag/ZnAl2O4-containing solution Was heated to 
boiling. The solution Was decanted off and the remaining 
solid Was rinsed tWice With distilled Water. Each rinsing 
lasted about 5 minutes. The procedure Was then repeated 
using another 400 mL of such 1000 mL KF solution. The 
procedure Was then repeated using the remaining 200 mL of 
such 1000 mL KF solution. The resulting Pd/Ag/KF/ 
ZnAl2O4 composition Was then rinsed ?ve more times With 
distilled Water. Each rinsing lasted about 5 minutes. The 
resulting Pd/Ag/KF/ZnAl2O4 composition Was then dried in 
air at 105° C. overnight (i.e., about 16 hours) to thereby 
provide a dried Pd/Ag/KF/ZnAl2O4 composition. A 66.0 
gram quantity of such dried Pd/Ag/KF/ZnAl2O4 composi 
tion Was then impregnated, using an incipient Wetness 
technique (i.e., essentially completely ?lling the pores of a 
substrate material With a solution of the incorporating ele 
ments) With a KF solution of 0.49 gram KF dissolved in 22.0 
grams of distilled Water. The remaining Pd/Ag/KF/ZnAl2O4 
composition Was then dried in air at 105° C. for about 3 
hours to thereby provide a dried Pd/AgIKF/ZnAl2O4 com 
position. The thus-dried Pd/Ag/KF/ZnAl2O4 composition 
Was then calcined in air at 526° C. overnight (i.e., about 16 
hours) to thereby provide Invention Catalyst D. Invention 
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Catalyst D contained 0.018 Weight percent Pd, 0.128 Weight 
percent Ag, and 0.68 Weight percent K. 

EXAMPLE II 

[0121] This example illustrates the performance of the 
catalyst compositions described herein in Example I in a 
hydrogenation process. 

[0122] About 23 grams (i.e., about 20 milliliters) of each 
of the above described EXample I catalysts Were packed into 
a Water jacketed stainless steel reactor (0.5 inch inner 
diameter; 18 inches long). Thermocouples Were inserted into 
a thermal Well Which ran through the center and coaXial With 
the reactor Which Was heated With an eXternal Water bath. 
The catalyst Was then treated With hydrogen gas ?oWing at 
about 50 psig to about 200 psig (about 100 cc/min to about 
200 cc/min) at a temperature of about 25° C. to about 60° C. 
for about 1 hour to about 16 hours. Thereafter a hydrocar 
bon-containing ?uid, typical of a feed from the overhead of 
a front-end deethaniZer of an ethylene plant, Was continu 
ously introduced into the reactor at a pressure of 200 psig, 
at a temperature of about 38° C., and at a feed rate of about 
900 cc/minute. The hydrocarbon-containing ?uid contained 
approximately 19.9 mole percent hydrogen; 10.3 mole per 
cent ethane; 38.8 mole percent ethylene; 0.38 mole percent 
acetylene; 0.02 mole percent carbon monoxide (CO); 30.5 
mole percent methane; trace amounts (i.e., less than 0.007 
mole percent of each) of propane and propylene; and essen 
tially no others. 

[0123] The reactor Was then “lined out” at different tem 
peratures With the catalyst alWays having hydrocarbon 
containing ?uid passing over for at least 6 minutes. The 
reactor ef?uent, i.e., the product stream, Was then analyZed 
by gas chromatography. 

[0124] In the results shoWn beloW in Table I, T1 is referred 
to as the “cleanup” temperature Which is the temperature at 
Which the acetylene concentration falls beloW 20 ppm (20 
parts acetylene per million parts hydrocarbon-containing 
?uid by Weight). In a hydrogenation process, a loW T1 is 
desirable. A loW T1 indicates a higher activity and a longer 
run life of the catalyst. As the catalyst is used in a hydro 
genation process, operating temperatures must be steadily 
increased over time to compensate for the decrease in 
activity of the catalyst. HoWever, there is an upper tempera 
ture limit (T2) above Which the uncontrollable hydrogena 
tion of ethylene to ethane Will occur. Thus, a loW T1 alloWs 
an overall longer run life of the catalyst. In Table I, T2 is 
referred to as the “runaWay” temperature Which is the 
temperature at Which 2 mole % of ethylene produced is 
hydrogenated to ethane (i.e., an eXothermic “runaWay” reac 
tion is occurring). In Table I, AT is the difference betWeen T2 
and T1. The AT is a measure of ethylene selectivity Which 
can also be vieWed as a WindoW of operability of the 
reaction. The greater the temperature difference betWeen T2 
and T1 (i.e., the greater the AT) attained With a particular 
catalyst, the more satisfactorily Will this catalyst perform as 
a hydrogenation catalyst composition. 

[0125] In addition, in Table I “hydrocarbon make at T1” 
refers to the amount of a particular hydrocarbon being made 
or produced at T1. For eXample, any hydrocarbon containing 
4 carbon atoms is referred to as “C4” thus, “C4 make at T1” 
refers to the amount (in parts by Weight C4 per million parts 
by Weight hydrocarbon-containing ?uid, i.e., ppm C4) of C4 
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being made or produced at T1. Any hydrocarbons containing 
6 or more carbon atoms per molecule is referred to as 

“heavies” thus, “heavies make at T1” refers to the amount, 
in ppm, of any hydrocarbons containing 6 or more carbon 
atoms being made or produced at T1. 

TABLE I 

Hydrocarbon Make 
Temperatures at T13 

Catalyst T1 T2 AT C4b HeaviesC 

Catalyst A (Control)8 128 162 34 630 340 
Catalyst B (Invention)f 109 138 29 640 320 
Catalyst C (Control)g 163 265(1 100 520 270 
Catalyst D (Invention)h 125 190 65 580 390 

3The values shoWn are in parts per million by Weight (ppm) 
bC4 denotes hydrocarbons containing 4 carbon atoms such as butanes, 
butenes, and butadienes in ppm 
CHeavies denotes hydrocarbons containing 6 or more carbon atoms in ppm 
dTemperature Was estimated by extrapolation because the temperature Was 
not achievable With the equipment used in Example II. 
eCatalyst A: 0.018 Wt % Pd/0.056 Wt % Ag/alumina 
fCatalyst B: 0.018 Wt % Pd/0.128 Wt % Ag/ZnAl2O4 
gCatalyst C: 0.018 Wt % Pd/0.056 Wt % Ag/0.52 Wt % potassium (K)/alu— 
mma 

hCatalyst D: 0.018 Wt % Pd/0.128 Wt % Ag/0.68 Wt % K/ZnAl2O4 

[0126] Test data in Table I clearly shoW that the Invention 
Catalysts, Which all contained an inorganic support material 
comprising a Zinc aluminate prepared by the inventive 
process(es) disclosed herein, performed better than the Con 
trol Catalysts, Which contained an inorganic support mate 
rial of alumina, in several key areas of hydrogenation such 
as T1, AT, and hydrocarbon make at T1. 

[0127] Concerning Ti, Invention Catalyst B (Pd/Ag/ 
ZnAl2O4) exhibited a signi?cantly loWer Ti than Control 
Catalyst A(Pd/Ag/ alumina) Which is quite unexpected When 
considering that Invention Catalyst B contained almost 
tWice as much silver as Control Catalyst A. Invention 
Catalyst D (Pd/Ag/KF/ZnAl2O4) exhibited a signi?cantly 
loWer T1 than Control Catalyst C (Pd/Ag/KF/alumina) 
Which is also quite unexpected When considering that Inven 
tion Catalyst D contained almost tWice as much silver and 
about 0.10 Weight percent more potassium compared to 
Control Catalyst C. The T1 data demonstrate that the Inven 
tion Catalysts exhibited a loWer T1 than the Control Cata 
lysts, even With increased silver and K loadings, Which 
alloWs a loWer temperature to be used to begin “cleanup” of 
the acetylene Which translates into loWer operating costs. 

[0128] Concerning AT, the Invention Catalysts exhibited 
similar ATs compared to the Control Catalysts even With 
increased silver and K loadings. Invention Catalyst B exhib 
ited a AT comparable to Control Catalyst A and a signi? 
cantly loWer T1 of only 109° C. even though Invention 
Catalyst B contained tWice as much silver as Control Cata 
lyst A. Similarly, Invention Catalyst D exhibited a AT 
comparable to Control Catalyst C With a T1 signi?cantly less 
than Control Catalyst C even though Invention Catalyst D 
contained almost tWice as much silver and about 0.10 Weight 
percent more K. The T1 and AT data demonstrate that the 
Invention Catalysts Were able to exhibit a large AT in Which 
the hydrogenation reaction can be conducted While main 
taining a loW T1. 

[0129] Concerning hydrocarbon make at T1, the data 
demonstrate that the Invention Catalysts exhibited hydro 
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carbon make at T1 in amounts similar to, if not better than, 
the Control Catalysts even though the Invention Catalysts 
contained increased silver and K loadings. 

[0130] The performance of the Invention Catalysts, as 
compared to the Control Catalysts, is superior When com 
paring several key areas of hydrogenation such as T1, AT, 
and hydrocarbon make at T1. The improvement in catalyst 
performance is believed to be due to the novel process(es) of 
using a novel catalyst composition comprising palladium, an 
inorganic support material comprising a Zinc aluminate, and 
a catalyst component comprising silver or an alkali metal 
compound, or both silver and an alkali metal compound 
prepared according to the inventive process(es) disclosed 
herein. 

EXAMPLE III 

[0131] This example illustrates the preparation of various 
palladium-containing catalysts to be used in a hydrogenation 
process. 

[0132] Catalyst E (Control) Was a Pd/Ag/KF/alumina 
catalyst composition prepared as folloWs. A500 gram quan 
tity of commercially available alpha alumina (provided by 
Condea Vista Company, Houston, Tex., obtained as pre 
calcined tablets having a diameter of about 3.1 mm, a length 
of about 3.1 mm, and a surface area of about 9 m2/g under 
the product designation “CATAPAL”) Was placed in a 
drying oven at 120° C. for about 30 minutes. Then, a 0.5 
gram quantity of palladium chloride (PdCl2) Was dissolved 
in 25 grams of distilled Water With 10 drops of concentrated 
HCl to form a solution in a beaker. The solution Was heated 
to almost dryness on a hot plate. Aquantity of distilled Water 
Was then added to reconstitute to 60 grams and prepare a 

HzPdCl4 solution containing 0.5 Weight percent palladium. 

[0133] A50 gram quantity of the above-described alumina 
support Was then impregnated With (i.e, soaked in) 2 grams 
of the above-described HzPdCl4 solution, diluted With 25 
grams of distilled Water, for about 1 hour. The solution Was 
decanted off. The remaining Pd-containing composition Was 
then dried in air at 125° C. for 1 hour to thereby provide a 
dried Pd-containing composition. The thus-dried Pd-con 
taining composition Was then calcined in air at 538° C. for 
about 3 hours to thereby provide a dried and calcined 
Pd-containing composition. 
[0134] The thus-dried and calcined Pd-containing compo 
sition Was then impregnated With (i.e., soaked in) a solution 
of 0.095 gram of silver nitrate (AgNO3) in 50 grams of 
distilled Water for about 30 minutes. The solution Was 
decanted off. The remaining palladium-and-silver-contain 
ing composition Was then dried in air at 125° C. for about 1 
hour and then calcined in air at 538° C. for about 3 hours to 
thereby provide a Pd/Ag/alumina composition containing 
0.02 Weight percent Pd and 0.06 Weight percent Ag. 

[0135] A 25 gram quantity of such dried and calcined 
Pd/Ag/alumina composition Was then impregnated, using an 
incipient Wetness technique (i.e., essentially completely 
?lling the pores of a substrate material With a solution of the 
incorporating elements) With a KF solution of 0.11 gram KF 
dissolved in 6.0 grams of distilled Water. 

[0136] The remaining Pd/Ag/KF/alumina composition 
Was then dried in air at 125° C. for about 1 hour to thereby 
provide a dried Pd/Ag/KF/alumina composition. The thus 
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dried Pd/Ag/KF/alumina composition Was then calcined in 
air at 538° C. for 3 hours to thereby provide Control Catalyst 
E. Control Catalyst E contained 0.02 Weight percent Pd, 0.06 
Weight percent Ag, and 0.3 Weight percent potassium 

[0137] Catalyst F (Control) Was a Pd/Ag/KF/alumina cata 
lyst composition prepared in the same manner as the above 
described Control Catalyst E With the following exceptions. 
A50 gram quantity of commercially available alpha alumina 
(provided by United Catalysts Inc. (UCI), Louisville, Ky., 
obtained as pre-calcined tablets having a diameter of about 
3.8 mm, a length of 4 mm, and a surface area of about 4 
m2/g) Was used in lieu of the Condea Vista Company 
CATAPAL alumina. Also, the thus-dried and calcined Pd 
containing composition Was impregnated With a solution of 
0.0465 gram of silver nitrate (AgNO3) in 11.5 grams of 
distilled Water using an incipient Wetness technique (i.e., 
essentially completely ?lling the pores of the substrate 
material With a solution of the incorporating elements) 
instead of soaking the composition in the silver nitrate 
solution described herein for Control Catalyst E. 

[0138] Control Catalyst F contained 0.02 Weight percent 
Pd, 0.06 Weight percent Ag, and 0.3 Weight percent K. 

[0139] Catalyst G (Invention) Was a Pd/Ag/KF/ZnAl2O4 
catalyst composition prepared as folloWs. A 170 gram quan 
tity of commercially available gamma alumina (provided by 
UOP Inc., McCook, Ill., obtained as pre-calcined eXtrudates 
having a diameter of about Vs inch under the product 
designation “EAB-3”) Was placed in a drying oven at 120° 
C. for about 1 hour. The thus-heated gamma alumina Was 
then impregnated With about 163 grams of Zinc nitrate 
heXahydrate (Zn(NO3)2.6H2O) Which had been melted in a 
drying oven at a temperature of about 120° C. at a pressure 
of about atmospheric (i.e., about 14.7 psia) for about one 
hour. The impregnation of the gamma alumina pellets With 
the melted Zinc nitrate heXahydrate Was conducted by add 
ing the melted Zinc nitrate heXahydrate dropWise to the 
gamma alumina pellets over a 30 minute period using a 5 mL 
pipette. The gamma alumina eXtrudates Were continuously 
stirred during the addition of the melted Zinc nitrate heXahy 
drate. When ?nished, the thus-Zinc-incorporated alumina 
Was placed in a drying oven at 120° C. for about 1 hour. The 
thus-dried Zinc-incorporated alumina Was then placed in a 
quartZ calcining tube and the temperature Was sloWly 
increased to 310° C. over a siX-hour period under an air 
purge as NOX gas liberation Was observed. The calcining 
tube Was constantly purged With air during calcination. The 
temperature Was maintained at 310° C. for 15 hours and then 
increased to 400° C. The 400° C. temperature Was main 
tained for 3 hours and then increased to 1100° C. over tWo 
hours and then maintained at 1100° C. for 11 hours. The 
furnace providing heat to the calcining tube Was then turned 
off overnight (approximately 16 hours) to thereby provide a 
Zinc aluminate catalyst support. The Zinc aluminate of the 
Zinc aluminate catalyst support had a crystalline domain siZe 
of 330 angstroms. The alpha alumina of the Zinc aluminate 
catalyst support had a crystalline domain siZe of 510 ang 
stroms. The “crystalline domain siZe” Was determined from 
the line broadening of the X-ray diffraction pro?le. Analysis 
con?rmed that the Zinc aluminate catalyst support had a 
surface area of about 14 m2/g, a pore volume of about 0.112 
mL/g, and an average pore diameter of about 321 angstroms. 
In addition, the X-ray diffraction pro?le con?rmed that the 
catalyst support had a Zinc aluminate structure. 
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[0140] A 50 gram quantity of the above-described Zinc 
aluminate catalyst support Was then impregnated With (i.e, 
soaked in) 10 grams of a 0.1 percent palladium (as H2PdCl4) 
solution diluted to 30 grams With distilled Water for about 1 
hour. The solution Was decanted off. The remaining Pd 
containing composition Was then dried in air at 125° C. 
overnight for 1 hour to thereby provide a dried Pd-contain 
ing composition. 
[0141] The thus-dried Pd-containing composition Was 
then calcined in air at 538° C. for about 3 hours to thereby 
provide a dried and calcined Pd-containing composition. 

[0142] The thus-dried and calcined Pd-containing compo 
sition Was then impregnated With (i.e., soaked in) a solution 
of 0.095 gram of silver nitrate (AgNO3) in 50 grams of 
distilled Water for about 30 minutes. The solution Was 
decanted off. The remaining palladium-and-silver-contain 
ing composition Was then dried in air at 125° C. for about 1 
hour and then calcined in air at 538° C. for about 3 hours to 
thereby provide a Pd/Ag/ZnAl2O4 catalyst composition con 
taining 0.02 Weight percent Pd and 0.06 Weight percent Ag. 

[0143] A 25.1 gram quantity of such dried and calcined 
Pd/Ag/ZnAl2O4 composition Was then impregnated, using 
an incipient Wetness technique (i.e., essentially completely 
?lling the pores of a substrate material With a solution of the 
incorporating elements) With a KF solution of 0.1 1 gram KF 
dissolved in 4.2 grams of distilled Water. 

[0144] The remaining Pd/Ag/KF/ZnAl2O4 composition 
Was then dried in air at 125° C. for about 1 hour to thereby 
provide a dried Pd/Ag/KF/ZnAl2O4 composition. The thus 
dried Pd/Ag/KF/ZnAl2O4 composition Was then calcined in 
air at 538° C. for 3 hours to thereby provide Invention 
Catalyst G. Invention Catalyst G contained 0.02 Weight 
percent Pd, 0.06 Weight percent Ag, and 0.3 Weight percent 
K. 

[0145] Catalyst H (Invention) Was a Pd/Ag/KF/ZnAl2O4 
catalyst composition prepared in the same manner as the 
above-described Invention Catalyst G With the folloWing 
exceptions. The Zinc aluminate catalyst support Was pre 
pared in the folloWing manner. 

[0146] A 500 gram quantity of commercially available 
gamma alumina (provided by Englehard company, Elyria, 
Ohio, obtained as pre-calcined eXtrudates having a diameter 
of about 1/12 inch) Was placed in a drying oven at 120° C. for 
about 30 minutes. The thus-heated gamma alumina Was then 
impregnated With about 452 grams of Zinc nitrate heXahy 
drate (Zn(NO3)2.6H2O) Which had been melted in a drying 
oven at a temperature of about 120° C. at a pressure of about 
atmospheric (i.e., about 14.7 psia) for about 1 hour. The 
impregnation of the gamma alumina eXtrudates With the 
melted Zinc nitrate Was conducted by adding the melted Zinc 
nitrate heXahydrate dropWise to the gamma alumina eXtru 
dates over a 30 minute period using a 5 mL pipette. The 
gamma alumina tablets Were continuously stirred during the 
addition of the melted Zinc nitrate heXahydrate. 

[0147] When ?nished, the thus-Zinc-incorporated alumina 
Was placed in a drying oven at 120° C. overnight (approxi 
mately 16 hours). The thus-dried Zinc-incorporated alumina 
Was then placed in a quartZ calcining tube and the tempera 
ture Was sloWly increased to 250° C. and maintained at 250° 
C. for 16 hours under an air purge. The temperature Was then 
increased to 350° C. and maintained at 350C. for 3 hours. 
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The temperature Was then increased to 450° C. and main 
tained at 450° C. for 3 hours. The temperature Was then 
increased to 550° C. and maintained at 550° C. for 2 hours. 
During such heating NOXgas liberation Was observed. 

[0148] The calcining tube Was then allowed to cool over 
night (approximately 16 hours). The Zinc-incorporated alu 
mina Was then transferred to a porcelain crucible and the 
temperature Was then increased under a Programmed Tem 
perature Ramp procedure as folloWs. The temperature Was 
increased to 500° C. over a time period of about 4 hours and 
then maintained at 500° C. for about 0.5 hour. The tempera 
ture Was then increased to 800° C. over a time period of 
about 2.5 hours and then maintained at 800° C. for a time 
period of about 4.5 hours. The temperature Was then 
increased to 1130° C. over a time period of about 2.75 hours 
and then maintained at 1130C. for a time period of about 10 
hours. The porcelain crucible Was then alloWed to cool for 
a time period of about 2 hours to thereby provide a Zinc 
aluminate catalyst support. 

[0149] The temperatures recited for the Programmed Tem 
perature Ramp Were the temperatures of the program. The 
actual temperatures achieved Were slightly less than the 
programmed temperatures as folloWs: 500° C. pro 
grammed=494° C. actual; 800° C. programmed=779° C. 
actual; and 1130° C. programmed=1108° C. actual. 

[0150] The Zinc aluminate of the Zinc aluminate catalyst 
support had a crystalline domain siZe of 270 angstroms. The 
alpha alumina of the Zinc aluminate catalyst support had a 
crystalline domain siZe of 330 angstroms. The “crystalline 
domain siZe” Was determined from the line broadening of 
the X-ray diffraction pro?le. Analysis con?rmed that the 
Zinc aluminate catalyst support had a surface area of about 
14 m2/g, a pore volume of about 0.125 mL/g, and an average 
pore diameter of about 354 angstroms. In addition, the X-ray 
diffraction pro?le con?rmed that the catalyst support had a 
Zinc aluminate structure. 

[0151] Other exceptions to the manner of preparation as 
described herein for Invention Catalyst G are as folloWs. A 
0.5 percent palladium (as H2PdCl4) solution Was used in lieu 
of the 0.1 percent palladium (as H2PdCl4) solution described 
herein for Invention Catalyst G. 

[0152] Invention Catalyst H contained 0.023 Weight per 
cent Pd, 0.115 Weight percent Ag, and 0.5 Weight percent K. 

[0153] Catalyst I (Invention) Was a Pd/Ag/KF/ZnAl2O4 
catalyst composition Which Was prepared in the same man 
ner as the above-described Invention Catalyst H. Invention 
Catalyst I contained 0.026 Weight percent Pd, 0.130 Weight 
percent Ag, and 0.5 Weight percent K. 

[0154] Catalyst J (invention) Was a Pd/Ag/KF/MgAl2O4 
catalyst composition Which Was prepared in the same man 
ner as the above-described Invention Catalyst G With the 
folloWing exception. A magnesium aluminate support Was 
used in lieu of the Zinc aluminate support described herein 
for Invention Catalyst G. The magnesium aluminate support 
Was prepared as folloWs. A 110.4 gram quantity of commer 
cially available gamma alumina (provided by UOP, Inc., 
McCook, Ill. obtained as pre-calcined extrudates having a 
diameter of about Vs inch) Was placed in a drying oven at 
120° C. for about 30 minutes. The thus-heated gamma 
alumina Was then impregnated With about 72.2 grams of 
magnesium nitrate hexahydrate (Mg(NO3)2.6H2O) Which 
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had been melted in a drying oven at a temperature of about 
120° C. at a pressure of about atmospheric (i.e., about 14.7 
psia) for about 30 minutes. The impregnation of the gamma 
alumina extrudates With the melted magnesium nitrate Was 
conducted by adding the melted magnesium nitrate hexahy 
drate dropWise to the gamma alumina extrudates over a 30 
minute period using a 5 mL pipette. The gamma alumina 
extrudates Were continuously stirred during the addition of 
the melted magnesium nitrate hexahydrate. The melted 
magnesium nitrate hexahydrate impregnating solution began 
to solidify during the addition of such magnesium nitrate 
hexahydrate to the gamma alumina tablets resulting in the 
melted magnesium nitrate solution having to be returned to 
the drying oven to be reheated at 120° C. for a period of 
about 3 minutes approximately every 10 minutes throughout 
the 30-minute period of impregnating the gamma alumina 
extrudates. 

[0155] When ?nished, the thus-magnesium-incorporated 
alumina Was placed in a drying oven at 120° C. for about 48 
hours. The thus-dried magnesium-incorporated alumina Was 
then placed in a quartZ calcining tube and the temperature 
Was sloWly increased to 130° C. and maintained at 130° C. 
for a 2 hour period under an air purge. The temperature Was 
then increased to 250° C. and maintained at 250° C. for 2 
hours. The temperature Was then increased to 350° C. and 
maintained at 350° C. for 2 hours. The temperature Was then 
increased to 400° C. and maintained at 400° C. for 16 hours. 
The temperature Was then increased to 500° C. and main 
tained at 500° C. for 3 hours. The temperature Was then 
increased to 600° C. and maintained at 600° C. for 2 hours. 
The temperature Was then increased to 650° C. and main 
tained at 650° C. for 2 hours. During such heating, NOXgas 
liberation Was observed. 

[0156] The magnesium-incorporated alumina Was then 
transferred to a porcelain crucible and the temperature Was 
then increased under the same Programmed Temperature 
Ramp procedure as described herein for Invention Catalyst 
H. The porcelain crucible Was then alloWed to cool for a time 
period of about 2 hours to thereby provide a magnesium 
aluminate catalyst support. 

[0157] Invention Catalyst J contained 0.02 Weight percent 
Pd, 0.06 Weight percent Ag, and 0.3 Weight percent K. 

[0158] Catalyst K (Invention) Was a Pd/Ag/KF/CaAl2O4 
catalyst composition Which Was prepared in the same man 
ner as the above-described Invention Catalyst G With the 
folloWing exception. A calcium aluminate support Was used 
in lieu of the Zinc aluminate support described herein for 
Invention Catalyst G. The calcium aluminate support Was 
prepared in the folloWing manner. 

[0159] A 100 gram quantity of commercially available 
gamma alumina (provided by UOP Inc., McCook, Ill., 
obtained as pre-calcined tablets having a diameter of about 
Vs inch) Was placed in a drying oven at a temperature of 
about 120° C. for a period of about 15 minutes. The 
thus-heated gamma alumina Was then impregnated With 
about 60 grams of calcium nitrate tetrahydrate 
(Ca(NO3)2.4H2O) Which, after the addition of 20 grams of 
deioniZed Water, had been melted in a drying oven at a 
temperature of about 120° C. at a pressure of about atmo 
spheric (i.e., about 14.7 psia) for about 15 minutes. The 
impregnation of the gamma alumina tablets With the melted 
calcium nitrate tetrahydrate Was conducted by adding the 
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melted calcium nitrate tetrahydrate dropWise to the gamma 
alumina tablets over a 30 minute period using a 5 mL 
pipette. The gamma alumina tablets Were continuously 
stirred during the addition of the melted calcium nitrate 
tetrahydrate. When ?nished, the thus-calcium-incorporated 
alumina Was placed in a drying oven and heated at 120° C. 
for 3 hours. 

[0160] The thus-dried calcium incorporated alumina Was 
then placed in a quartZ calcining tube and heated to 120° C. 
for 3 hours. The temperature Was then increased to 220° C. 
and maintained at 220° C. for a period of 3 hours. The 
temperature Was then increased to 330° C. and maintained at 
330° C. for a period of 15 hours. The temperature Was then 
increased to 400° C. and maintained at 400° C. for a period 
of 3 hours. The temperature Was then increased to 500° C 
and maintained at 500° C. for a period of 2 hours. The 
temperature Was then increased to 600° C. and maintained at 
600° C. for a period of 1 hour. The liberation of NOXgas Was 
not observed at 600° C. The calcining tube Was then alloWed 
to cool to room temperature (i.e., about 20° C. to about 25° 
C.). The calcium-incorporated alumina Was then transferred 
to a porcelain crucible and the temperature Was then 
increased under the same Programmed Temperature Ramp 
as recited herein for Invention Catalyst H. After such Pro 
grammed Temperature Ramp heating, the porcelain crucible 
Was then alloWed to cool for a time period of about 2 hours 
to thereby provide a calcium aluminate catalyst support. The 
calcium aluminate of the calcium aluminate catalyst support 
had a crystalline domain siZe of 405 angstroms. The alpha 
alumina of the calcium aluminate catalyst support had a 
crystalline domain siZe of 535 angstroms. The “crystalline 
domain siZe” Was determined from the line broadening of 
the X-ray diffraction pro?le. Analysis con?rmed that the 
calcium aluminate catalyst support had a surface area of 
about 11 m2/g, a pore volume of about 0.129 mL/g, and an 
average pore diameter of about 468 angstroms. In addition, 
the X-ray diffraction pro?le con?rmed that the catalyst 
support had a calcium aluminate structure. 

[0161] Invention Catalyst K contained 0.02 Weight percent 
Pd, 0.06 Weight percent Ag, and 0.3 Weight percent K. 

EXAMPLE IV 

[0162] This example illustrates the performance of the 
catalyst compositions, described herein in Example III, in a 
hydrogenation process. The hydrogenation process of 
Example IV Was conducted in the same manner as the 
process described herein in Example II With the folloWing 
exceptions. 

[0163] The catalysts described herein under Example III 
Were used in lieu of the catalysts of Example I. 

[0164] A lab-prepared hydrocarbon-containing ?uid Was 
used in lieu of the hydrocarbon-containing ?uid described 
herein for Example II. The hydrocarbon-containing ?uid 
used in Example IV contained approximately -29.0 mole 
percent hydrogen; 0.007 mole percent ethane; 41.5 mole 
percent ethylene; 0.20 mole percent acetylene; 0.025 mole 
percent CO; 29.3 mole percent methane; and essentially no 
others. 

[0165] In the results shoWn beloW in Table II, T1, T2, AT, 
and “hydrocarbon make at TI” represent the same type of 
information as described herein under Example II, but the 
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data are from the runs of Example IV. In addition, ethane is 
referred to as “C2” thus, “C2 make at T1” refers to the 
amount (in parts by Weight ethane per million parts by 
Weight hydrocarbon-containing ?uid, i.e., ppm ethane) of 
ethane being made or produced at T1. 

TABLE II 

Temperatures Hydrocarbon Make at T13 

Catalyst T1 T2 AT c2b c; Heavies“ 

Catalyst E 110 192 82 600 400 60 

(Control)8 
Catalyst F 121 210 89 960 440 100 

(Control)f 
Catalyst G 112 194 82 900 380 50 
(Invention)g 
Catalyst H 104 192 88 248 310 45 

(Invention)h 
CatalystI _ 99 182 83 380 336 51 

(Invention)‘ 
Catalyst] _ 103 159 56 1430 370 70 

(Invention)J 
Catalyst K 123 192 69 880 386 62 

(Invention)k 

3The values shoWn are in parts per million by Weight (ppm) 
bC2 denotes ethane in ppm 
CC4 denotes hydrocarbons containing 4 carbon atoms such as butanes, 
butenes, and butadienes in ppm 
dHeavies denotes hydrocarbons containing 6 or more carbon atoms in ppm 
eCatalyst E: 0.02 Wt % Pd/0.06 Wt % Ag/0.3 Wt % potassium (K)/alumina 
fCatalyst F: 0.02 Wt % Pd/0.06 Wt % Ag/0.3 Wt % K/alumina 
gCatalyst G: 0.02 Wt % Pd/0.06 Wt % Ag/0.3 Wt % K/ZnAl2O4 
hCatalyst H: 0.023 Wt % Pd/0.115 Wt % Ag/0.5 Wt % K/ZnAl2O4 
iCatalyst I: 0.026 Wt % Pd/0.130 Wt % Ag/0.5 Wt % K/ZnAl2O4 
J‘Catalyst J: 0.02 Wt % Pd/0.06 Wt % Ag/0.3 Wt % K/MgAl2O4 
kCatalyst K: 0.02 Wt % Pd/0.06 Wt % Ag/0.3 Wt % K/CaAl2O4 

[0166] Test data in Table II clearly shoW that the Invention 
Catalysts, Which contained palladium, a catalyst component 
comprising silver and an alkali metal compound, and an 
inorganic support material comprising a Zinc aluminate, a 
magnesium aluminate, or a calcium aluminate prepared 
according to the inventive process(es) disclosed herein, 
performed better than the Control Catalysts in several key 
areas of hydrogenation such as T1, AT, and hydrocarbon 
make at T1. 

[0167] Concerning T1, the Invention Catalysts exhibited 
signi?cantly loWer T1s When compared to the Control 
Catalysts even With increased loadings of silver and potas 
sium (such as Invention Catalysts H and I). Astonishingly, 
Invention Catalyst I exhibited a T1 of only 99° C. The T1 
data demonstrate that the Invention Catalysts exhibited 
comparable, if not loWer, T1s than the Control Catalysts 
Which alloWs a loWer temperature to be used to begin 
“cleanup” of the acetylene Which translates into loWer 
operating costs. 

[0168] Concerning AT, the Invention Catalysts exhibited 
similar ATs compared to the Control Catalysts even With 
increased loadings of silver and potassium (such as Inven 
tion Catalysts H and I). Invention Catalysts H and I exhib 
ited astonishingly loW T1s While maintaining ATs compa 
rable to the Control Catalysts. The T1 and AT data 
demonstrate that the Invention Catalysts Were able to exhibit 
a large AT in Which the hydrogenation reaction can be 
conducted While maintaining a loW T1. 

[0169] Concerning hydrocarbon make at T1, the data 
demonstrate that the Invention Catalysts exhibited loW 
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hydrocarbon make at T1 When compared to the Control 
Catalysts. Such data is signi?cant especially When combined 
With the data demonstrating ATs comparable to the Control 
Catalysts and signi?cantly loWer T1s. 

[0170] The performance of the Invention Catalysts, as 
compared to the Control Catalysts, is superior When com 
paring several key areas of hydrogenation such as T1, AT, 
and hydrocarbon make at T1. The improvement in catalyst 
performance is believed to be due to the novel process of 
using a novel catalyst composition comprising palladium, a 
catalyst component comprising silver and/or an alkali metal 
compound, and an inorganic support material comprising a 
Zinc aluminate, a magnesium aluminate, or a calcium alu 
minate prepared according to the inventive process(es) dis 
closed herein. 

[0171] The results shoWn in the above examples clearly 
demonstrate that the present invention is Well adapted to 
carry out the objects and attain the ends and advantages 
mentioned as Well as those inherent therein. 

[0172] Reasonable variations, modi?cations, and adapta 
tions can be made Within the scope of the disclosure and the 
appended claims Without departing from the scope of this 
invention. 

What is claimed is: 
1. Aprocess of making a catalyst composition comprising 

impregnating a metal aluminate catalyst support With pal 
ladium and a catalyst component selected from the group 
consisting of silver and an alkali metal compound Wherein 
said metal aluminate catalyst support is prepared by a 
process comprising: 

(a) incorporating alumina With a melted metal component 
to thereby provide a metal-incorporated alumina, and 

(b) calcining said metal-incorporated alumina under a 
calcining condition to thereby provide said metal alu 
minate catalyst support Wherein said calcining condi 
tion comprises a temperature in the range of from about 
600° C. to about 1350° C., a pressure in the range of 
from about 7 pounds per square inch absolute (psia) to 
about 750 psia, and a time period in the range of from 
about 1 hour to about 60 hours; and 

further Wherein said melted metal component comprises a 
metal component having been melted under a melting 
condition. 

2. A process according to claim 1 Wherein said incorpo 
rating step (a) comprises impregnating said alumina With 
said melted metal component. 

3. A process according to claim 2 Wherein said melting 
condition comprises: 

a temperature beloW the decomposition temperature of 
said metal component, 

a time period in the range of from about 1 minute to about 
2 hours, and 

a pressure in the range of from about atmospheric to about 
150 psia. 

4. A process according to claim 3 Wherein said impreg 
nating comprises adding said melted metal component to 
said alumina by pouring said melted metal component onto 
the surface of said alumina to thereby provide a metal 
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incorporated alumina having substantially all the surface 
area of said alumina coated With said melted metal compo 
nent. 

5. A process according to claim 4 Wherein said melted 
metal component is poured over the surface of said alumina 
While said alumina is under constant stirring or tumbling. 

6. A process according to claim 5 Wherein said metal 
component is selected from the group consisting of a Zinc 
component, a magnesium component, a calcium component, 
a barium component, a beryllium component, a cobalt 
component, an iron component, a manganese component, a 
strontium component, a lithium component, a potassium 
component, and combinations thereof. 

7. A process according to claim 6 Wherein said metal 
component is selected from the group consisting of a Zinc 
component, a magnesium component, a calcium component, 
and combinations thereof. 

8. Aprocess according to claim 1 Wherein the amount of 
said metal component incorporated With said alumina pro 
vides for said metal aluminate catalyst support having an 
amount of metal aluminate generally in the range of from 
about 1 Weight percent of the total Weight of said metal 
aluminate catalyst support to about 100 Weight percent. 

9. A process according to claim 1 Wherein said metal 
component is selected from the group consisting of a Zinc 
component, a magnesium component, a calcium component, 
a barium component, a beryllium component, a cobalt 
component, an iron component, a manganese component, a 
strontium component, a lithium component, a potassium 
component, and combinations thereof. 

10. A process according to claim 9 Wherein said Zinc 
component is selected from the group consisting of Zinc 
nitrate hexahydrate, Zinc nitrate, hydrated Zinc nitrate, Zinc 
chloride, Zinc acetate dihydrate, Zinc acetylacetonate 
hydrate, Zinc carbonate hydroxide monohydrate, Zinc per 
chlorate hexahydrate, hydrated Zinc sulfate, Zinc sulfate 
monohydrate, Zinc sulfate heptahydrate, and combinations 
thereof. 

11. A process according to claim 9 Wherein said magne 
sium component is selected from the group consisting of 
magnesium nitrate hexahydrate, magnesium nitrate, 
hydrated magnesium nitrate, magnesium chloride, hydrated 
magnesium chloride, magnesium chloride hexahydrate, 
magnesium acetate tetrahydrate, magnesium acetylacetonate 
dihydrate, magnesium carbonate hydroxide pentahydrate, 
magnesium perchlorate, magnesium perchlorate hexahy 
drate, magnesium sulfate, magnesium sulfate heptahydrate, 
magnesium sulfate monohydrate, and combinations thereof. 

12. A process according to claim 9 Wherein said calcium 
component is selected from the group consisting of calcium 
nitrate tetrahydrate, calcium nitrate, hydrated calcium 
nitrate, calcium chloride, hydrated calcium chloride, cal 
cium chloride dihydrate, calcium chloride hexahydrate, cal 
cium chloride hydrate, calcium acetate hydrate, calcium 
acetate monohydrate, calcium acetylacetonate hydrate, cal 
cium perchlorate tetrahydrate, calcium sulfate, calcium sul 
fate dihydrate, calcium sulfate hemihydrate, and combina 
tions thereof. 

13. A process according to claim 9 Wherein said barium 
component is selected from the group consisting of barium 
nitrate, hydrated barium nitrate, barium chloride, hydrated 
barium chloride, barium chloride dihydrate, barium acetate, 












