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In one aspect, this invention relates to a
method of making supported palladium/silver
compositions exhibiting improved acetylene
hydrogenation catalyst performance. In another aspect,

5 this invention relates to a process for selectively
hydrogenating acetylene to ethylene employing supported
palladium/silver catalysts having been prepared by the
preparation method of this invention.

The selective hydrogenation of acetylene

10 being present as an impurity in monoolefin-containing
streams (e.g., ethylene streams from thermal ethane
crackers) is commercially carried out with an alumina-
supported palladium/silver catalyst, substantially in
accordance with the disclosure in U.S. Patent 4,404,124

15 and its division, U.S. Patent 4,484,015. The operating
temperature for this process is selected such that

. essentially all acetylene is hydrogenated to ethylene
(and thus removed from the feed stream) while only an
insignificant amoﬁnt of ethylene is hydrogenated to

20 efhane (to minimize ethylene losses and to avoid a
"runaway" reaction which is difficult to control, as
has been pointed out in the above-identified patents).
The seiective acetylene hydrogenation process can be
most effectively controlled when Ehere is a large

25 difference between the temperature at which essentially
all acetylene is hydrogenated and a higher temperature
at which excessive ethylene-to-éthane conversion
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' catalyst, the present invention represents an
improvement in the preparation of this catalyst and
5 related catalysts and their use for the selective
acetylene hydrogenation. |

This present invention provides a method for
preparing improved palladium/silver-containing cataiyst'
compositions which are useful for catalyzing the

10 selective hydrogenation of acetylene to ethylene. The
invention further provides a process for the selective
hydrogenation of acetylene, which is present in small
amounts in ethylene containing streams, to ethylene in

. the presence of improved palladium/silver catalysts.

15 - In accordance with this invention, a
preparation method comprises

(1) contacting (a) a solid composition (also
referred to as "base catalyst composition" or "starting
catalyst composition”) comprising palladium, silver and

20 an inorganic support material, and (b) with a liquid
reduction composition which comprises (i) at least omne
reducing agent which is hydrazine, an alkali metal
borochydride, an aldehyde containing 1 to 6 carbon atoms
per molecule, a ketone containing 1 to 6 carbon atoms

25 per molecule, a carboxylic acid containing 1 to 6
carbon atoms per molecule, a sugar containing an
aldehyde group or an a-hydroxyketone group, aluminum
metal or zinc metal, and (ii) at least one non-reducing
liquid component, at a temperature of up to about 60°C.

30 for a time period of at least about 1 second, so as to
produce a wet-reduced solid composition;

(2) substantially separating said wet-
reduced solid composition produced in step (1) from
said liquid reduction composition; and '

35 (3) drying the substantially separated wet-
reduced solid composition obtained in step (2),

and in the event that the reducing agent (i)
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anot her obj ect oéaiﬁlquuménreductbonacquoaitibn further comprises at
least one dissolved alkali metal compound which is an
5 alkali metal hydroxide or an alkali metal fluoride, and
further provided that when the reducing agent is said
. sugar, sazd method further includes:
(4) heating the dried, wet-reduced solid
composition obtained in step (3) in an oxidizing gas
10 atmosphere at a temperature of about 300°C. to 700°C.
for a time period of at least about 10 minutes. In a
preferred embodiment, said contacting is carried out
with a reducing agent in'the presence of at least one

€

alkali metal compound, more preferably an alkali metal

15 hydroxide and/or an alkali metal fluoride. Preferably,
the liquid reduction composition consists essentially
of the at least one reducing agent, the at least one
non-reducing liquid component, and the at least one
alkali metal compound. By use of the term consists

20 essentially of it is intended that the liquid reduction
composition does not contain any component which would
adversely affect the desired properties imparted by the
components recited after this term to the catalyst
composition.

25 - In one specific embodiment, the starting
catalyst composition is reduced with a solution of an
alkali metal borohydride, dried and then heated
(preferably in an oxidizing gas atmosphere) at a
temperature in the range of about 300°C. to about

30 700°C. for at least about 10 minutes. In another
specific embodiment, the starting catalyst composition
is reduced with a solution of hydrazine and dried, and,
optionally, thereafter heated (preferably in an
oxidizing gas atmosphere) at a temperature in the range

35 of about 300°C. to about 700°C. for at least about 10
minutes. In a further specific embodiment, the
starting catalyst composition is reduced with a“
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embodiment, the starting catalyst composition is
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reduced with a solution containing dextrose, and at
least one alkali metal hydroxide, dried and thereafter

10 heated (preferably in an oxidizing gas atmosphere) at a
temperature of about 300°C. to about 700°C. for at
least about 10 minutes.

Also in accordance with this invention,
catalyst compositions prepared by the above-described

15 methods are provided.

Further in accordance with this invention, a
process for selectively hydrogenating acetylene
(preferably present in a small amount in an ethylene-
containing gas stream) with hydrogen gas to ethylene is

20 carried out with a catalyst prepared by one of the
above described methods of this invention.

The starting material (also referred to as
"base.catalyst“) which is wet-reduced in accordance
with this invention can be any supported palladium- and

25 silver-containing catalyst composition. This catalyst
.composition can be fresh (e.g., supplied by United
Cafalysts, Inc., Louisville, KY, under the product
designation of "G-83C") or it can be a used and
thereafter oxidatively regenerated catalyst
30 composition. The base catalyet can contain any
suitable solid support material. Preferably, the
support material is selected from the group consisting
of alumina (more preferably alpha-alumina), titania,
. zirconia and mixtures thereof. Presently most
35 preferred is the palladium/silver/alumina composition
- described in U.S. Patent 4,404,124, the disclosure of
which is incorporated herein by reference. This skin-

e —
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about 0.01-10 (preferably about 0.02-2) weight-%
silver, at a Ag:Pd weight ratio of about 1:1 to about
5 10:1, more preferably about 5:1 to about 8:1. The
particle size of the supported Pd/Ag base catalyst
generally is about 1-10 mm, most preferably 2-6 mm.
The supported Pd/Ag base catalyst particles can have
any suitable shapé, and preferably are spheres or
10 cylindrical pellets. Generally, the surface area of
the supported Pd/Ag base catalyst (determined by the
BET method employing N,) is about 1-100 m?/g.
The above-described base catalyst particles

L4}

are contacted with a reduction composition (hereinafter
15 referred to as "wet-reduction composition"), which
contains at least one reducing'agent and, if the
reducing agent is not liquid, also at least one ligquid
component, in accordance with this invention. Suitable
reducing agents include (but are not limited to) alkali
20 metal borohydrides (such as NaBH,, KBH,;), hydrazine,
aldehydes containing 1-6 carbon atoms per molecule
(preferably formaldehyde), ketones containing 1-6
carbon atoms per molecule, carboxylic acids containing
1-6 carbon atoms per molecule (preferably, formic acid,
25 ascorbic acid), reducing sugars which contain an
aldehyde group or, alternatively, an a-hydroxyketone
group (preferably dextrose), aluminum metal (preferably
powder), zinc metal (preferably powder), and the like,
and mixtures thereof. In the case of the above-listed
30 aldehYdes, ketones, carboxylic acids, reducing sugars,
zinc metal, and aluminum metal, these reducing agents
are most effective when an alkaline agent (preferably
an alkali metal hydroxide and/or fluoride) is also
present in the wet-reduction composition. When the
35 reducing agent is a solid (e.g., Al powder), a 11quid
substance which functions as a solvent or,
alternatively, as a dispersing medium is also present
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5 reducing agent in the wet reduction composition is in

the range of about 0.5 to about 50 weight-%, but may be
even higher. Preferably, the pH of the wet-reduction
composition, in particular if it is aqueous, is about
. 8-14.
10 In a particularly preferred embodiment of

»
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this invention, the wet-reduction composition
additionally contains at least one dissolved compound
of at least one alkali metal (preferably selected from
the group comsisting of potassium, rubidium and

15 cesium). Presently preferred alkali metal compounds
are halides, hydroxides, carbonates, bicarbonates,
nitrates, carboxylates (such as acetates, oxalates,
citrates and the like). Fluorides and hydroxides of
potassium, rubidium and cesium are particularly

20 preferred, especially when the reducing agent is an
aldehyde or ketone or carboxylic acid or reducing sugar
or zinc or aluminum. Generally, the concentration of
the alkali metal compound ih the wet-reduction
composition and the weight ratio of alkali metal

25 compound to the base catalyst composition are chosen so
as to incorporate about 0.05-5 weight-% alkali metal
(on an elemental basis) into the catalyst composition.
It is also possible to carry out the contacting of the
catalyst composition with at least one dissolved alkali

30 metal compound before the wet-reduction or,
alternatively, after the wet-reduction bhas occurred.
However, the essentially simultaneous wet-reduction and
treatment with at least one alkali metal compound, as
described above, is the presently preferred method. It

35 is, of course, also possible (yet presently not
preferred) to carry out the contacting with the alkali
metal compound(s) both before said wet-reduction and
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catalyst composition with the wet reduction composition-
can be carried out in any suitable manner. In general,
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the catalyst composition and the wet-reduction
composition are contacted (mixed) for a time period of
10 at least about 1 second, preferably about 10 seconds to
' about 10 hours, at a relatively low temperature of
about 10-60°C. More preferably, the time period is
about 0.02 to about 2 hours, and the temperature is in
the range of about 20°C. to about 50°C. The pressure
15 during the wet-reduction step is approximately
atmospheric (about 0 psig). This contacting step can
be carried out as a batch-type operation (mixing or
soaking) or continuously (e.g., by using a mixing screw
or a static mixer equipped with intermal baffles or by
20 spraying the base catalyst composition which is placed
on a moving conveyer belt with the wet-reduction
composition) . '
The wet- reduced catalyst composition is then
substantially separated from the wet-reduction
25 composition by any conventional solid-liquid separation
technique, such as filtering (presently preferred),
decanting of the liquid, centrifuging, and the like.
Tﬁereafter, the substantially separated, wet-reduced
catalyst composition is dried, generally for a time
30 period of about 0.2-20 hours (preferably about 2-6
hours)} at a temperature of about 50-150°C. (preferably
about 100-130°C.). It is preferréd to then heat
(calcine) the dried, wet-reduced catalyst composition,
generally for a time period of about 0.2-20 hours
35 (preferably about 1-6 .hours) at a temperature of about
300-700°C. (preferably about 400-600°C.). Both the
drying step and the calcining step can be_carried out
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5 has been used as the reducing agent.

. The thus-prepared catalyst composition which
has been dried and, optionally, calcined can then be
employed in a process for hydrogenating acetylene to
primarily ethylene. Optionally, the catalyst -is first

10 contacted, prior to the acetylene hydrogenation, with
hydrogen gas or with a gaseous hydrocarbon generally at
a temperature in the range of about 30°C. to about
100°C., for a time period of about 4 to about 20 hours.
During this contacting with H, or hydrocarbon(s) before

15 the selective acetylene hydrogenation commences,
palladium and silver compounds (primarily oxides) which
may be present in the wet-reduced catalyst composition
after the drying step and the optional calcining step
(described abgve) are substantially reduced to

20 palladium and silver metal. When this optional
reducing step is not carried out, the hydrogen gas
present in the reaction mixture accomplishes this
reduction of oxides of P4 and Ag during the initial
phase of the acetylene hydrogenation reaction of this

25 invention.

)

The selective hydrogenation process of this
invention is carried out by contacting (a) a feed gas
which comprises acetylene, préferahly an ethylene
stream containing acetylene as an impurity (generally

30 at a level of about 1 ppm to about 50,000 ppm C,H,) and
(b) hydrogen gas with (c) the catalyst composition(s)
of the present invention. In order to best attain
substantially complete removal of the acetylene, there
should be at least one mole of hydrogen for each mole

35 of acetylene present. Gases (a) and (b) are generally
premixed before their contact with the catalyst
composition (¢). It is within the scope of this
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5 selective hydrogenatlon of acetylene to ethylene.

Generally, CO and H,S are present in trace amounts
- - (preferably less than about 0.5 weight percent CO and
less than about 50 ppm H,S).
The temperature necessary for the selective
10 hydrogenatibn of acetylene to ethylene depends largely
| uﬁon the activity of the catalysts and the extent of
acetylene removal desired. Generally, temperatures in
.the range of about 0°C. to about 150°C. are used. Any
suitable reaction pressure can be employed. Generally,
15 the total pressure is in the range of about 100 to
about 1,000 pounds per square inch gauge (psig). The
gas hourly space velocity (GHSV) can also vary over a
wide range. Typically, the space velocity will be in
the range of about 1,000 to about 10,000 m3 of feed per
20 m3 of catalyst per hour, more preferably about 2,000 to
about 8,000 m3/mS/hour.

Regeneration of Ehe catalyst composition can
be accomplished by heeting the catalyst campositibn in
air (at a temperature which preferably does not exceed

25 about 700°C.) to burn off any organic matter and/or
char that has been accumulated on the catalyst
composition. Optionally, the oxidatively regenerated
composition is reduced with H, or a suitable
hydrocarbon (as has been described above) before its

30 redeployment in the selective hydrogenation of
acetylene. It is also within the scope of this
invention to treat the oxidatively regenerated catalyst
composition with a wet-reduction composition, followed

) by a drying step and an optional calcining step (i.e.,

35 in accordance with the method of this invention) before
the catalyst is redeployed in the selective
hydrogenation of acetylene (either directly or after
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The following examples are presented to

further illustrate this invention and are not to be
5 construed as unduly limiting its scope.
. Example I )

This example illustrates the reduction of'
supported palladium catalysts with a dissolved alkali
metal borohydride and the use of this "wet-reduced®

10 catalyst for the selective hydrogenation of acetylene
to ethylene.

o

Catalyst Al (Control) was a commercial

Pd/A1203 catalyst which contained 0.018 weight-% Pd and
about 99 weight-% alumina. It had a surface area

15 (determined by the BET method employing N;) of 3-5
m?/g, and had been provided by United Catalysts Inc.
(UCI), Louisville, KY under the product designation "G-
83an",

Catalyst A2 (Control) was prepared by soaking

20 20 cc of Catalyst Al in 150 cc distilled water (which
had been deaerated by bubbling N, gas through), adding
0.130 grams of NaBH, to the catalyst/water mixture, and
stirring the entire mixture (containing the catalyst,
water and NaBH,;) for about 1 hour at room temperature.

25 Then the excess liquid was drained and the soaked
catalyst was washed several times with deaerated water.
The wet catalyst was heated in a hydrogen gas
atmosphere at 90°C. for 2 hours, and allowed to cool to
room temperature under flowing H,.

30 Catalyst A3 (Control) was prepared by socaking
23.65 grams of Catalyst Al in 100 cc of methanol (which
had been deaerated with flowing N,), adding about 1
gram of solid NaBH; to the catalyst/methanol mixture,
stirring the entire mixture (containing the catalyst,

35 methanol and NaBH,) for about 1 hour at room
temperature, draining excess liquid, washing the soaked
catalyst three times with fresh methanol, drying the
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} 5 Pd/Ag/A1203 catalyst which contained 0.023 weight-% Pd,
0.065 weight-% Ag and about 99 weight-% alumina. It
had a BET/N, surface area of 3-5 m?/g, had been
prepared substantially in accordance with the method
described in U.S. Patent 4,404,124 (column 4, lines 32-
10 45), and had been provided by UCI (identified above)
under the product designation "G-83C",

Catalyst B2 (Invention) was prepared by
soaking about 20 cc of Catalyst Bl in 150 cc of
deaerated methanol, adding about 1.0 gram of solid

15 NaBH; to the catalyst/methanol mixture, stirring the
entire mixture (containing the catalyst, methanol and
NaBHy) for about 90 minutes at room temperature,
draining excess liquid, washing the soaked catalyst
three times with deaerated methanol, and drying the

20 washed catalyst under vacuum conditions.

Catalyst B3 (Invention) was prepared by
soaking 20 cc of Catalyst Bl in 100 cc deaerated
methanol, adding about 1.0 gram of sclid NaBH; to the
catalyst/methanol mixture, stirring the entire mixture

25 (containing the catalyst, methanol and NaBH,) for about
1 hour at room temperature, draining excess liquid,
washing the socaked catalyst three times with deaerated
methanol, drying the washed catalyst overnight at
180°F. (82°), and calcining the dry catalyst at 370°C.

30 in air for about 3 hours.

Catalygt B4 (Invention) was prepared by
calcining Catalyst B2 after it had been tested for its
acetylene hydrogenation performance at 370°C. in air
for about 4 hours.

35 About 20 cc of each of the above-described
catalysts was placed into a stainless steel reactor
tube having a 0.5 inch inner diameter and a length of

L-.-_—._* N
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- 5 110°F., an§ a hydrocarbon-containing feed gas
containing 1.98 weight-% hydrogen, 21.40 weight-%
A methane, 21.18 weight-% ethane, 55.09 weight-%
ethylene, 0.35 weight-% acetylene and 0.03 weight-%
carbon monoxide was introduced into the reactor tube at

10 a rate of about 900 cc/minute. The reactor temperature
was gradually increased to the desired reaction
temperature, and samples of the formed product were
analyzed by means of a gas chromatograph at various
time intervals.

15 Two key test results are summarized in Table
I: T,, which is the "cleanup" temperature at which
acetylene is substantially hydrogenated to ethylene (so
as to obtain a product containing less than about 10
ﬁpm (ppm = parts per million parts by weight) of .

20 acetylene; and T,, which is the "runaway" temperature
at which a substantial portion of ethylene is converted
to ethane (exothermic “runawayi reaction) and the
ethylene/ethane molar ratio in the product has
decréased to about 2.3 (from about 2.8 attained at

25 lower temperatures). The higher the temperature
difference (T,-T,) attained with a particular catalyst,
the more satisfactorily will this catalyst perform as a
selective acetylene hydrogenation catalyst. Test
results are summarized in Table I.
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5
Catalyst
' 1 Al (Pd/Al,04, .
_ {Control) not wet- 114 143 .29
< 10 ' _ reduced) : :
2 A2 (Pd/A1203.
{Control) wet-reduced 116 145 29
with NaBH4)
15
' 3 A3 (Pd/A1,0,,
{Control) ;:;;r?dgggd with 133 164 31
calcined)
20
4 Bl (Pd/Ag/Al,0
{Control) not wet- reducea) 120 155 35
5 B2 (Pd/Ag/Alzo P
25 (Invention) | wet-reduced with 192 232 40
NaBH,)
6 B3 (Pd/Ag/Al,0;,
30 (Invention) ::;;r?d::;d with 134 183 49
calcined)
7 B4 (Pd/Ag/Al,0
35 {Invention) ;:;Hr?dzggd w1 h 114 190 49
calcined) _

Test results in Table I show that wet-

reduction of a Pd/A1203-cata1yst with dissolved sodium

40 borohydride, either with or without subsequent
calcination, had no significant effect on T,-T; (i.e.,
the temperature difference defined above). On the
other hand, the wet-reduction of the Pd/Ag/Al,04
catalyst resulted in an enhanced ‘temperature

45 difference, in particular when calcination in air was
carried out after the wet-reduction.‘ The presence of
traces of formed C, hydrocarbons (about 0.02 weight-%)
in the hydrogenation éroduct was observed.
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resentry prefrerred
not preferred) to

carry out the contacting with the alkali netja .conpound(s) both before said

wet - reduction and concurrently with said wet-reduction,

or both 15

copcurrently with said met-reduction an@gﬂﬁgy_jggd met-reductlon

before, concurrently mﬁth after -reduct i e C t|n f

the supported Pd/Ag base ca ’@@?Rygﬂt dtt %\XE r"@gﬁ’ﬁaq of

conposition 20 aaugporied |pnlhdimﬂ1vmldﬁd]qrmmm dilssajaresy al |

t he catal yst comr%l&% f%tﬁcé’ﬂaﬂ@wﬂﬁ@m&ﬁwre cont act ed
erio

(m xed) for a ti

T

Catalyst Cl (Control) was substantially the

same as Catalyst Bl described in Example I.

Catalyst C2 {(Invention) was prepared by'

soaking 23.3 grams of Catalyst Cl with a solution of 5
cc N H ®H,O0 in 45 cc of distilled water for about 1
10 hour. The excess liquid was poured off, and the wet

catalyst was heated in a forced air convection oven at

125°C. for about 4 hours.

Both catalysts were tested for their

selective acetylene hydrogenation activity,

15 substantially in accordance with the procedure
described in Example I, except that the hydrocarbon-
containing feed contained about 33.2 weight-% methane,
about 0.08 weight-% ethane, about 63.1 weight-%
ethylene, about 0.35 weight-% acetylene, about 0.05

20 weight-% carbon monoxide, and about 3.2 weight-% H,.
Test results are summarized in Table II.
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techni que, such as filtering (presently pr nt i f {HEPLACED
liquid, centrifuging, and the like. There
n |s drle

tant Y
separated, wet-reduced 5 catalyst conposit general ly for

time period of about 0.2-20 hours (preferablyg about 2- 6 hours), at a
tenperature of about [err] (preferably about [err]). It is preferred to

then heat (calcine) the driﬁfst Whita d9aebIEtT \WHow WHAS ivdtibediietion

generally for a ti e about 2 20 hoyr s rably about 1-6
hours) at a terrpé’fgteau&g J@cﬂ% ["t?r }@%F%i 3R YermesQf, ¢ he

increasing the temperature difference T,-T; (defined in
Example I). The presence of trace amounts of formed
butenes (0.03-0.05 weight-%) in the hydrogenation
product was observed.

Table II also presents test data on the
amount (in ppm by weight) of ethane produced at the
"cleanup" temperature, T;, which is a measure of the
selectivity to ethylene exhibited by a particular
catalyst at the "¢cleanup" temperature (defined in
Example I). These test data were obtained by

subtracting the amount of ethane present in the feed

¥}

10

from the amount of ethane present in the hydrogenation
product produced at T;. Table II clearly shows that
less of the undesirable ethane was formed with the wet-
reduced catalyst, C, (as compared with the untreated
Catalyst C;).
was produced with the invention Catalyst C, (as

15

Consequently, more desirable ethylene

20 compared with the untreated Catalyst cl).

Example IIT
This example illustrates the wet reduction of
a Pd/ig/31203 with formaldehyde in the presence of an
alkali metal hydroxide, in accordance with this
25 invention.

Catalyst D1 (Invention) was prepared by
miking 20 cc of control Catalyst Bl {(described in
Example I) with about 110 cc of a solution which
contained about 38 weight-% formaldehyde, about 12
weight-% methanol and about 50 weight-% water, and 1.13

The entire mixture was stirred at room

30
grams of NaOH.

35

temperature for
off, the soaked
fresh methanol,
at about 88°C.,
calcined in air

about 2 hours, excess ligquid was poured
catalyst was rinsed three times with
the washed catalyst was dried overnight
and the dried catalyst was then

at 370°C. for 4.5 hours.

Catalyst D2 (Invention) was prepared by
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NaOH. The entire mixture was stirred at room
temperature for about 2 hours. Excess liquid was
poured off. The wet catalyst was rinsed three tiﬁe
with 150 cc of fresh methanol, and dried under H, at
60-100°C. for several hours.

Catalyst D3 (Invention) was prepared by
mixing 20 cc of Catalyst Cl with 75 cc of a solutionm,
which contained about 37 weight-% formaldehyde, about
17 weight-% methanol and about 46 weight-% water, and
about 0.6 gram of KOH. The entire mixture was stirred

at room temperature for about 40 minutes, excess liquid

was poured off, the wet catalyst was dried at about.
88°C., and was then calc¢ined at 200°C. for several
hours.

The thus-prepared catalysts were tested for
the selective acetylene hydrogenation activity,
substantially in accordance with the procedure
described in Exampie I. The hydrocarbon-containing
feed had essentially the same composition as the feed
employed in the tests of Example I. Test results for
the three catalysts described in this Example are
summarized in Table III. Also included in this table
are the test results from control Run 4 (see Table I)
employing control Catalyst Bl (for comparison with Run
10 employing invention Catalyst Dl). Results from
another control run (Run 11 employing Catalyst Cl) is
listed for comparison with invention Catalysts D2 and
D3 (Runs 12 and 13).
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in the wet-reduced catal yst conposition

EEN.

optional calcining step (described above)

pal I adi um and silver . conpounds (prlnarlhmjgé&q$§g%mh meo ME#@H

pal.l adium and silver netal. Wen this opth
ouf, the hydrogen gas 35 present in the repgtion mxture acconplishes
thIS reduction of oxides of Pd and Ag during the |n|t|al phase of the
acéetylene hydrogenation rgaction of thig —lerrl lovention | ve
hydr ogenati on pr of

feed gas
5 Run Catalyst Ty (°F.) |To(°F.) |Ty-Ty
. 4 Bl (Pd/Ag/Al,05,
{(Control) not wet- 120 155 35
. reduced)
: 10
10 D1 (Pd/Ag/A1203,
(Invention) | wet-reduced
With CH20 in
15 presence of
NaOH, and
calcined)
11 cl (Pd/Ag/Al 0
20 (Control) not wet- reduceg)
12 D2 (Pd/Ag/Al o
(Invention) | wet-reduced w1
CH,0 in presence
- 28 of NaOH)
13 D3 (Pd/Ag/Al,05,
(Invention) | wet-reduced with
CH,O in presence
30 of KOH, and
calcined)

Test results in Table III clearly show that
wet-reduction of a Pd/Ag/Al,0, catalyst with
35 formaldehyde in the presence of an alkali metal
hydroxide (with or without subsequent calcination) was

quite effective in increasing the temperature
difference T,-T; (defined in Example I). The presence
- of trace amounts of C; hydrocarbons (0.01-0.02 weight-
40 %) in the hydrogenation product was observed.
. Example IV
This example illustrates the wet-reduction of
supported palladium catalysts with formaldehyde in the
presence of alkali metal compounds and the performance
45 of these materials as catalysts in the selective
hydrogenation of acetylene. '
Catalyst El (COntrol) was a commercial "G-
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acetylene as an inpurity (generally at j t 1 ppgmto akpUACED. -

50, 000 ppm C2H2) and (b) hydrogen gas wi al yst : ]
of .the present invention. In order to b |n su stantlally conplete
reroval of the acetylene, there 10 should pg at | east one nole of
hydrogen for each nole of acetylene present. Gases (a) and (b) are

gemeral |y prem xeg3paef pagatijoLr caeallgst, WabbctiBedaial g vapgsition (c).
It is mnthln t he 3%3%6 of .t é i nvention to have additional gases (such as

met hane, eth b?ﬂﬁa ‘propene, butane, butenes, carbon nobnoxi de,
hydr ogen sulflde) present |cath&xheeEZQasonasolbngaaSprép;rdd bpt

oI cant Y | SRRl B Rgh B g OS850 OO e S MeELE e
. 5 El with a solution of 0.42 gram of 88 weight-% KOH
pellets in 26 grams of distilled water for about-; hour-
. " at room temperature, followed by draining excess
solution, drying for 16 hours at 125°C., and calcining
in air for 2 hours at 1000°F. (538°C.).
10 Catalyst E3 (Control) was prepared in
’ accordance with the procedure for Catalyst E2, except
that Catalyst El was soaked with a mixture of 0.42 gram
of 88% KOH pellets and 26 grams of a commercially
available formaldehyde solution containing 38 weight-%
15 CH, O, 12 weight-% CH,0H and 50 weight-% H3O.
Catalyst E4 (Control) was a commercial "G-
83cn Pd/Ag/A1203 catalyst described in Example I
(Catalyst Bl).
Catalyst ES (Control) was prepared by
20 soaking, with occasional stirring, 30 grams of Catalyst
E4 with a solution of 0.48 gram of 88% KOH pellets in
26 grams of water for about 1 hour at room temperature,

followed by draining excess solution, drying for 8
hours at 125°C., and calcining in air for 2 hours at
25 1000°F. (538°C.).

Catalzét E6 (Invention) was prepared in
accordance with the procedure for Catalyst E5, except
that Catalyst E4 was soaked with a mixture of 0.48 gram
of 88% KOH pellets and 26 grams of the above-described

30 formaldehyde solution.

' Catalysts E1 through E6 were tested
substantially in accordance with the procedure
described in Example I. Each catalyst had been -
preheated for 1 hour with flowing hydrogen gas at

35 100°F./200 psig and then for 1 hour with the
hydrocarbon-containing feed (containing methane,
ethane, ethylene, acetylene, carbon monoxide and



about 50 ppm[err]). The tenperature nec Hlm w sel ect) ve  REPLACED

hydr ogenat i on of acetyl ene to ethyl ene d upon tYre—aetrvty—ot
the catal ysts and the extent of 25 acety ene renoval desired. GCenerally,
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sui tabl e reaction pressure can be enployed. Generally, the total pressure
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be acconplished by heating the cat a_l' y_'st conposition in a_i r (AtTHIS SHEET HAS BEEN
tenperature which preferably does not exceed Jerr] [err] {i9- abBEFLACED

[err]) to burn off any organic matter and/or char that has—beer——aceonurated
on.the catal yst conposition. Optionally, the oxidativelty regenerated

conposition is reduced with [err] or a suitable 5 hydrocar bo¥ H _ d
descri bed above) before its redeploynentiITW@krSelective hy u i _
acetylene. It is also within the scope of this invention to

oxi datively regenerated catal yst
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- conposition with a wet-reduction corrposrhi‘ssmHaﬁBéehR Hy T@S@%&‘q SBEEN

step and an optional calcining step (i. ce MAt the
this invention) before the catalyst is r he sel ective
hydr ogenati on of acetylene (either direct a er reduction with [err]

or ~a sui tabl e hydrocarbon, as has 15 beenZQescrlbed above). The foll ow ng

exanpl es are presented to further illustrate this invention and are not to
be: construed as undul y | mtddty ddtfa SixOMRAbIRX AW ghdw Qﬁmt wet-reduct-':_lmé

IR YA TR AN e WAL I A KW N

catal yst for the 13¢liiné ipmedemte @ehain G inaritEle ronipouwdid) VIROE.
showed no improvement (in terms of T,-T; and of ethane

5 formed at T,) over treatment with KOH alone (compare

Run 16 with Run 15). In contrast, wet-reduction of a
Pd/Ag/Al,04 catalyst with formaldehyde in the preseﬁce
of KOH in accordance with this invention resulted in a
significant increase in T,-T; and also in a significant

10 decrease of ethane formed at T, (compare Run 19 with
Run 18).

Example V

This example further illustrates a
particularly preferred feature of this invention: wet-

15 reduction of Pd/Ag/Al,0,; catalysts with formaldehyde in
the presence of alkali metal compounds.

Catalyst F1 (Control) was a commercial "G-
83C" Pd/Ag/Al,03 catalyst (essentially the same as
Catalyst Bl, Example I).

20 Catalyst F2 (Control) was a "G-83C"
PA/Ag/Al,0, catalyst (defined above) which had been
used for the selective hydrogenation of acetylene to
ethyléne in a Texas refinery of Phillips Petroleum
Company, and had then been regenerated by heating it in

25 air to a temperature of 1000°F. within a time period of
3 hours, followed by calcining in air at that
temperature for 4 hours. Thereafter, the calcined,
used catalyst was cooled to room temperature.

Catalyst F3 (Invention) was prepared as

30 follows 0.51 gram of 88 weight-% KOH pellets
(equivalent to 0.008 mole KOH) was added to 30 grams of -
a 37-38 weight-% formaldehyde solution in methanol.

The formed solution was stirred for about one minute,
30 grams of control Catalyst F2 (regenerated "G-83C")

35 were added to the solution, and the obtained mixture
was kept at room temperature for 1 hour, with
occasional stirring. Then excess liguid was decanted,



contai ned 0.018 wei ght-% Pd and about - had &&url&Eoe
area (determined by the:BET nethod enplo 3 5 [€rrr““and“haﬁz;--
been provided by United Catal ysts Inc. i1le, KY under the
product designation "GB3AN. Catal yst A2 (Cb oI) was prepared by soaking

20 cc of Catalyst Al in 150 cc distilled mater (whi ch had been deaerated by

ubbl i ng N2 925 {068 UgbAnedEhDTeRs weo 140144 Lx 28 2k 0! Nfor

catal yst/water mixture stirrin e entire mxture (contalnlng the
catal yst, water ah%uf'%rrﬂdfﬁhea%ﬁﬁdlt%t%t"?%n?%%% ip air at

538°C. for 2 hours.
Catalyst F4 (Invention) was prepared
5 essentially in accordance with the above-described
. procedure for Catalyst F3 except that 0.97 gram.og 99%
- pure RbOH®H,0 (0.008 mole RbOH) was used (in lieu of
0.008 mole KOH)-.
Catalzsﬁ F5 (Invention) was prepared
10 essentially in accordance with the procedure for
Catalyst F3 except that 0.008 mole Cs0OH was used (in
" lieu of 0.008 mole KOH).
Catalyst F6 (Invention) was prepared
essentially in accordance with the procedure for
15 Catalyst F3 except that Catalyst Fl (fresh "G-83C") was
used as the starting material (in lieu of Catalyst F2).

25 - _' | Cat al yst Al (Control) lseshieﬁg\sg la];egr r] CgtT&Il&sHt&hi-'QB BEEN

Catalyst F7 (Invention) was prepared
essentially in accordance with Catalyst F4 except that
Catalyst F1l was used as the starting material (in lieu

20 of Catalyst F2).

Catalyst F8 (Invention) was prepared
essentially in accordance with the procedure for
Catalyst F5 except that Catalyst Fl was used as the
etarting material (in lieu of Catalyst F2).

25 Catalyat F9 (Invention) was prepared
essentially in accordance with the procedure for
Catalyst F6 except that 0.002 mole KOH was employed (1n
lleu of 0.008 mole KOH).

Catalyst F10 (Invention) was prepared

30 essentially in accordance with the procedure for
Catalyst F7 except that 0.002 mole RbOH was employed
(in lieu of 0.008 mole RbLOH).

Catalyst F1l1l (Invention) was prepared
essentially in accordance with the procedure for

35 Catalyst F8 except that 0.002 mole CsOH was employed
(in lieu of 0.008 mole CsOH).

Catalyst F12 (Invention) was prepared



.;‘[err] = 10 - Then the excess li qui d was ﬂnashe@etasanduk Bcgioak drmatsadaﬁstmmsgm
washed several times wth deaerated mater yst S he@iﬁxrwiba. j
hydrogen gas atnosphere at [err] for 2 ho dto =

rogm tenperature under flowing [err]. ntrol) was prepared by
soaking 23.65 grans of Catalyst Al in 100 o) of nethanol (whi ch had been
deaerated with flow ng N2), adding about 1 granlof solid [err] to the

catal yst/ nmet hanoleddedt£11 lﬁQ’Ln fédazraarmzé R 2N el pHotledhzel 3L @i Ni ng the
catal yst, nethanol and NaB for about 1 hour at roomtenperature,

dr ai ni ng excess | %ﬁﬁltys%asssmqﬁﬁﬂfe thah Ot 032 Moje of KOB was employed osh
met hanol , drying (i VoshesE aalog ol dfEemor)Qver ni ght, and

Catalyst F13 (Invention) was prepared
5 essentially in accordance with the procedure for
Catalyst F1l2 except that 0.032 mole of NaOH (in lieu of
KOH) was employed. '

<)

Catalyst Fi4 (Invention) was prepared
esgsentially in accordance with the procedure for

10 Catalyst F3 except that 0.005 mole of KOH was employed
(in lieu of 0.008 mole KOH). ' |

Catalyst F15 (Invention) was prepared
essentially in accordance with the procedure for
Catalyst F3 except that 0.0275 mole of KOH was employed

15 (in lieu of 0.008 mole KOH), the time of contact with
the formaldehyde solution was only about 0.5 hour (in
lieu of 1 hour), and the formaldehyde concentration was
only about 18 weight-% (in lieu of 37-38%).

Catalyst F16 (Invention) was prepared

20 essentially in accordance with the procedure for
Catalyst F3 except that 0.015 mole of KOH was employed
(in lieu of 0.008 mole KOH), and the formaldehyde
concentration was only about 1 weight-% (in lieu of
37-38%) . '

25 Catalyst F17 (Invention) was prepared
essentially in accordance with the procedure for
Catalyst F3 except that 0.050 mole of KOH was employed
(in lieu of 0.008 mole of KOH).

- Catalyst F18 (Invention) was prepared

30 essentially in accordance with the procedure for
Catalyst F6 except that 0.05 mole of KF was employed
(in lieu of 0.008 mole of KOH). '

Catalyst F19 (Invention) was prepared
essentially in accordance with the procedure for

35 Catalyst F18, except that 0.007 mole of KF and 0.001

'mole of KOH (in lieu of 0.008 mole KF) was employed.
Catalysts Fl through F19 were tested '



15 cal cining the dri ed cat aI 'yst in [err]lhi‘sslieeﬂheBéenke ﬁ.ucrs Cmislqr@thngo m_—»,\.

(Control) was a comercial [err] catalyst | 0.083 wei pgehr- )51y
Pd, 0.065 wei ght-% Ag and about 99 wei ght Fere = N2
surface area of 3-5 n2/g, had been prepared subs an |a y |n accordance
with the method described in U S. Patent 4,4@4,124 (colum 4, lines 32-
45), and had been provided by UCI (i dentlfl e above) under the pr oduct

desi gnati on "G 83ubstantially in acdordaney witk 'Hh@%o@&hd@ prepared by
soaki ng about 20 cc of Catalyst Bl_.in 150 cc of deaerated met hanol, adding
about 1.0 gram odefsnibed dn Example Iy sxceptthat@ bydrogarbon ifeead,q

the entire m Xt UkdilckORiadl RigkRrtialQsi alhe isanie @i thatddesddibediBd) for

about 90 m nutes gat U aé[npwlecryed. Test results are summarized

5 in Iable V.
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it had been tested for its acetyl ene hydr or mance=st—fer+rf

5+ [err], and caléining thé dry cat al ySthis Stieet[Has Bden Repleced r - TRROSEST HAS BEEN
hours. Catal yst B4 (lnvention) was pre'parM‘ '\ﬂ ‘;u | g Cat gl yst Egpghggn
ach o -

air 10 for about 4 hours. About 20 cc o t he above-descri bed
catal ysts was placed into a stainless stgp% reactor tube having a 0.5 inch
I nner dianeter and a |l ength of about 18 in %é%. Each catal yst was treated
with 15 fl ow ng hydrogen gas under a pressure of 200 psig, at a

t enperature of about [err] for about 16 hours. Thereafter, the reactor tube
was cool ed t g=—ahaut_Ly el —and -a-bydraocarhon.containing faad gas_cont ai ni ng
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ethyl erie, 0.35 wei ght-% acetyl ene and .0, 03_wei ght - % car bon nofokti§SHEE HAS BEEN:
i ntroduced into the reactor tube at a rZf t Hagidag - edcc/ mi fut e. RRBLACED '
reactor tenperature was gradually increai ﬂ H' red reactron 25
tenperature, and sanples of the fornmed p g | yzed by neans of a

gas chromatograph at various time intervals. Two key test results are
sumarized in Table |: [err], which is th&8 “ctl eanup" tenperature at which

30; acetylene is substantially hydrogenated to ethylene (so as to obtain a
product containing |less than about 10 ppm (ppm = parts per mllion parts by

wei ght) of aeetadono-—agnd T aorel i ch o tha Nrynauaut tapparat |Ire at

whi ch a subgytafti al pgrtion of| ethyleng is conJyerted 35 to etlane
(exothermcf r nawagﬁ reaction) and the ethyleje/ethandg nolar rjatio in the
product has o
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Tabl e I° Run | Catalst '. ( 1o Al NICIAaE '_ )

(Control) not wet: Y 114 l[er.r]n“g eétda?éere&m i | .iTH‘S %Z&T égsjéEEfq

reduced) 2 A2 [err] (Control) WetHﬂ mﬂauﬂn 11 = . ‘
15

W — ey

29.15 with NaBH4) 3- A3 [err] t-reduced with "'“
138 - 164 31 [err] and 133 3¢9 - 31 calcined) 20 4

Bl [err] (Control) not wet-reduced) 120 35 5 B2

[err] - Test data in Table V clearly show that the

reduction of fresh or of used, regenerated Pd/Ag/A1203
catalysts with formaldehyde in the presence of an
alkali metal compound consisteﬁtly resulted in higher

5 T,-Ty values and in lower amounts of ethane formed at
the cleanup temperature, T;. Most effective alkali
metal compounds were KOH, KF, RbOH and CsOH. _
Generally, the use of formaldehyde solutions containing
0.002-0.050 mole KOH or RbOH or Cs0OH or KF were most

10 effective. Additional test data (not included in Table
V) indicate that the amounts of ethane produced at
temperatures which were 10°F., 20°F. and 30°F.,
respectively, above the particular "cleanup"”
temperature were consistently lower in invention runs

15 22-38 than in control runs 20 and 21. Thus, the wet-
reduced, alkali-metal-promoted Pd/Ag/Al,0, catalysts
were more selective to ethylene (rather than ethane)
than the untreated catalysts, at comparable conve;sions
of acetylene.

20 Example VI

This example illustrates wet-reduction of
Pd/Ag/A1203 catalysts with a dissolved reducing agent
other than formaldehyde, in the presence of an alkali
metal compound (KOH).

25 Catalyst Gl (Invention) was prepared
essentially in accordance with the procedure for
Catalyst F3 (Example V) except an aqueous solution
containing 0.03 mole of formic acid and 28.5 grams of
water was used as the reducing agent (in lieu of

30 formaldehyde/methanol /water) .

Catalyst G2 (Invention) was prepared
essentially in accordance with the procedure for
Catalyst F3 (Example V) except that an agueous solution
containing 0.03 mole of ascorbic acid (Vitamin C) and

35 24.7 grams of water was used as the reducing agent (in
lieu of formaldehyde/methanol/water).

Catalyst G3 (Invention) was prepared



25" (Invention) wet-reduced with 192mis Sheot HasB8@ Replace R S —
B3 [err] (1nvention) wet-reduced with Hm E -ET HAS BEEN
C

: . . . . ; : .SQ RERLAC D
[err] and calcined) 7 -~ B4 [err] (Inv educ

190 49 35 [err] and cal Cine est results in Table
show t hat wet- reduction of a Pd/A1203 catal ygt-w th di ssol ved sodi um 40

borohydride, either with or wthout subsequent cal cination, had no
significant effecesssnttally( ineaccbbdaheapﬁtahUtnedi:i»éeé&aee geti ned

above). On the Otgggaﬁ 9 th? i8d89t522e82 Eﬂat an Lqueous solution
containing 0.03 mole of hydrazine hydrate and about
29.0 grams of water was used as the reducing agent (in
5 1lieu of formaldehyde/methanol/water).
Catalyst G4 (Invention) was prepared

essentially in accordance with the procedure for
Catalyst F3 (Example V) except that an aqueous solution
containing 0.03 mole of dextrose and 24.6 grams of
10 water was used as the reducing agent (in lieu of
' formaldehyde/methanol/water) .

Catalyst G5 (Invention) was prepared
essentially in accordance with the procedure for
Catalyst G4 except that 0.003 mole dextrose (in lieu of

15 0.03 mole dextrose) and 0.025 mole KOH was employed (in
lieu of 0.005 mole KOH).

Catalyst G6 (Invention) was prepared
essentially in accordance with the procedure for
Catalyst G5 except that 0.015 mole KOH was employed (in

20 lieu of 0.025 mole KOH).

Catalyst G7 (Inventiom) was'prepared
essentially in accordance with the procedure for
Catalyst F3 (Example V) except that a mixture of 0.38
grams of aluminum metal powder, 0.96 grams of KOH and

25 20 grams of water was used as the reducing agent (in
lieu of formaldehyde/methanol/water).

Catalysts Gl-G7 were tested substantially in
accordance with the procedure used in Example V. Test
results are summarized in Table VI.



when cal cination in air was carri-ed out
presence of traces of forned C4 hydrocar
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A

" catal yst resul ted in an enhanced terrperﬂgslggétﬁa'égeendieﬁi‘@ﬂenceé_, TR éﬁ’géﬁﬁ% %EEN

hydr ogenati on product was observed.
I I1ustrates the wet-reduction of a supported palladiunm silver catalyst with
di ssol ved hydrazine in accordance with=t¥3 s invention. 5 .
Catal yst Cl1 (Control) was substantially the sane as Catal yst Bl descri bed

in Exanple I.
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Catalyst'Cz_(rhMention) was prepared by™ Boen Re fﬂnﬁ i = =]
with a solution of 5 cc [err]5 cc of dis '- r ab ﬁ?ﬁiﬁﬁgﬁtx §ENl
The excess liquird was poured off, and th I was -od.-La_a- S

forced air convection oven at [err] for about 4 hours. Both catal ysts were
tested for their selective acetyl ene hydr@denation activity, 15
substantially in accordance with the procedure described in Exanple I,
except that the hydrocarbon- containing feed contained about 33.2 weight-%
met hane, about 0.08 wei ght-% et hane, about 63.1 wei ght-% et hyl ene, about

0. 35 meight-@bacetylen-r—nz:n——L—Lm——L—m:—xz——i;—n—:LL—xa:-xide, and about
3.2 weight-% H2. Test resfits aref sunmarized in Tdble I1.

ppm Ethane
Formed at T,
350
750

T,-Ty
121
100
117

h
h
h.

¢

Al, in presence

of KOH)

Table VI
Ty (°F.) | To (°F.)
. - 144 265
' 141 241
181 298 |
I B O

20

duced wig
in
wet-reduced wi

dextrose,
duced wiz
in

Catalyst
dextrose,

@5 (Pa/Ag/Al,0,,
presence of KOH)
G6 (Pd/Ag/Al,0,,
presence of KOHf
G7 (Pd/Ag/Al

wet-re
wet-re

Run

43
(Invention)

44
(Invention)

45
(Invention)




| [err] - 15 - Jerr] [err].[efr]" [err]Th , =)
t hat wet-reduction of a [err] catalyst s ShB4 Has FRRIE ﬁfeﬁ t %f‘HEJETHAS éE&N '

increasing the tenperature difference [gmlﬂﬂm"mlm %EPLM

presence of - ‘trace anounts of forned
-34-

~

- A comparison of the test data in Table VI
with those in Table V indicate that the four reducing
agents employed in this Example were essentially as
effective as formaldehyde, in the presence of potassium

5 hydroxide.
 Example VII _

This example illustrates that the wet-
reduction of supported Pd/Ag catalysts containing
inorganic supports other than alumina (namely titania

10 and zirconia) was also quite effective in increasing
T,-T; values in the selective hydrogenation of
acetylene, in accordance with this invention.

Catalyst H1 (Control) was a Pd/Ag/TioO,
catalyst which was prepared by impregnating 1/8 inch,

15 sulfur-free titania pellets with an aqueous
palladium(II) nitrate solution (so as to provide a
level of about 0.02'weight-% Pd on the TiO, pellets),
drying the Pd/Ti0, particles, calcining them for 8
hours at 400°C. in air, impregnating the calcined

20 Pd/TiO, particle with an aqueous silver nitrate
solution (so as to provide a level of about 0.1 weight-
% Ag in the catalyst), drying the Pd/Ag/TiO, catalyst
partidles, and then calcining them for 8 hours at
400°C. in air.

25 ' Catalyst H2 (Invention) was prepared by
soaking Catalyst H1 with a mixture of 26.0 grams of the
commercial formaldehyde/methanol/water solution
described in Example IV (see preparation of Catalyst
E3) and 0.41 grams of 88 weight-% KOH pellets, followed

30 by draining excess solution, drying (at 125°C., for 5
hours) and calcining in air for 2 hours at 400°C.

Both catalysts were tested substantially in
accordance with the procedure described in Example I,
except that a hydrocarbon-containing feed similar to

35 the one described in Example II was used. Test results
are summarized in Table VII.



5  butenes (0.03-0.05 melght in tﬁ@“ “%rod=r
" Table Il also presents t est data on 't he m by ‘
produced at the. "cleanup" tenperature, is a i

ngIIStS)HEﬁT m&aﬁ‘éN
selectivity to ethylene exhibited by a particular catalyst =at tfe cteanup-

pasur BEBEACER 10
tenperature (defined in Exanple |). These st data were obtained by
subtracting the anount of ethane present in the feed fromthe anount of
et-thane present in the hydrogenation 15 product produced at [err]. Table
II” clearly shows that |ess of the undesirable ethane was formed with the
wet- reduced catalyst, C2 (gs=cospared—wktbtha—patreated Catalyst [err]).

Consequently, nore deS|rabI: eghyl ene |was mroduced} th the invention
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" Exanple 111 Thi s exanpl e |IIustrates thenmﬁ%gﬁﬁﬁﬂﬁﬁﬂ la€dd a [} e
f ormal dehyde in the presence of an alkal &Emmml i fﬂ:ﬂ%%&%ﬁs BEEN
with this 25 invention. Catalyst D1 (In epar
cc, of control Catalyst Bl (described in about 110 cc of a
sol ution which contai ned about 38 wei ght - % f4g nal dehyde, about 12 30
wei ght - % et hanol and about 50 weight-% water, and 1.13 granms of NaOH The
entire mxture was stl rred 'néstmtieimerﬁweviprcMy ZsHEW Bha €666

liquid was poured o he S y S r|n35 hr e tines with
fresh nethanol , t’ﬁ% gaﬁg‘%@%@ ffﬁ%ﬂ e 8ame hout
[err], and the drbadeﬁﬁﬁysefﬂwttm wat-&émthtibmldf ad,{mn].lzjmg 4.5
hours.

(described in previous examples)

5 Additional preliminary tests (not described
in detail herein) indicate that the use of a Pd/Ag/Zr0,
catalyst (which had not been wet-reduced in the
selective hydrogenation of acetylene) was almost as
effective (in terms of To-T4 values) as Pd/Ag/Al,0,

10 catalysts (also not wet-reduced). Based on these
preliminary test results, it is concluded that the wet-
reduction of Pd/Ag/ZrO, catalysts, with or without the
presence of alkali metal compounds, in accordance with
this invention will broduce catalysts exhibiting

15 enhanced T,-T, values and higher selectivities to
ethylene (as compared with the untreated catalysts).

Example VIII

This example illustrates a method of .
preparing an effective acetylene hydrogenation catalyst

20 by wet-reduction and subsequent promotion with '
potassium fluoride.

Catalyst I (Invention) was prepared by
soaking 23.3 grams of Catalyst Bl ("G-83C", described
in Example I) in 30 cc of a 37 weight-% formaldehyde

25 solution (described in Example III for Catalyst D2),
adding about 0.5 gram solid KOH to the
catalyst/solution mixture, stirring this mixture for 30
minutes at room temperature, adding again about 0.5
gram of solid KOH, and stirring the obtained mixture

30 again for about 30 minutes at room temperature.
Thereafter, excess liquid was drained, and the soaked,
wet-reduced mixture was washed twice with fresh
methanol and then twice with distilled water (so as to
remove substantially all KOH which had been

35 incorporated into the catalyst). The washed, wet-
reduced catalyst was dried overnight at 180°F., and
then soaked with a solution of 0.355 gram anhydrous



Catal yst. D2 (I nvention) was prepared by Th{sshere HasBie?lReplmeﬂ(l n

control Catalyst Cl (described in Exanple I -of -ﬁﬂS@ﬁEE&HASBEEN
whi ch cont ai ned about 37 wei ght - @6fornaldeh wei g
and about 46 wei ght-% water, and 1.18 grans e entire m xture
was stirred at roonrtenperature for about _2 QOurs Excess | i quid was poured .
off. The wet catal yst was rinsed three tine mrth 150 cc of fresh nethanol,

and dried under [eivdediud ¥tdodide S2Y.H8 Wiy M water. The KA VSL.

D3 (Invention) was prepare by
impregnated catalyst was dried overnight at 180°F. and

calcined for 1.5 hours in air at 370°C.
The thus obtained catalyst, which contained
5 about 1 weight-% K (as fluoride), was tested for its

acetylene hydrogénation activity substantially in‘
" accordance with the procedure described in Example I.
Result: T; was 154°F., T, was 245°F., and Tp-Tq
was 91°F.
10 . Thereafter, the catalyst was exposed to the
' feed at "runaway" conditions, i.e., at a temperature in
excess of 245°F., for about 22 minutes, so as to
simulate possible damage to the catalyst by a "runaway"
reaction in a plant operation. Then the catalyst was
15 tested again (after lowering the temperature of the
reactor while H, gas passed through). Result: T; was
161°F., T, was 259°F., and T,-T; was 98°F. This result
clearly indicates that no adverse effect on the KF-
promoted, wet-reduced Pd/Ag/A1203 catalyst had occurred
20 by this exposure to "runaway" conditiomns.

Reasonable variations, modifications and
adaptations for various usages and conditions can be
made within the scope of the disclosure and the
appended claims, without departing from the scope of

25 this invention.



'n1X|ng-20 cc of Catalyst Ci mnth 75 cc of a solution, which dﬂﬂ&ﬁﬁ&ﬁTﬂW&BEEN |

37 weight-%fo 17 wei ght - % net hanol and abofit 46 REBINTED

wat er, and abou KCH The entire m xture was sti T5—at
roon1tenperatur m nut es, 3g@xcess |liquid was poured off, the

vet ca}aLyst mashdrled at about [erg]L ang wag then cal ci ned at [err] for
severa ours. The t ared cata ts mere t st ed
YRR g

Sel ective atetyl ene PHPETRT asepit n??ﬁ?i&’FnC%EE%F§EH€%
with the pmmsﬁerﬁoﬁehgdrbgdnaui&hannhfch c&hprbgdaocarbon contai ning feed

had essentially the d n_t he ests of
Example |. Test resuﬁmg %%Hﬁghégfh %&a?%?%g%gﬁ%’?l%%?f 179 s
Exanpl e ewpak&mdgumzedllmefaaué anlxnorg¢SDC|nuppdEu natehial; cdhd (b)

a liquid reduction composition which comprises (i) at least

~ - one reducing agent which is hydrazine, an alkali metal
' borohydride, an aldehyde containing 1 to 6 carbon atoms per
+  molecule, a ketone containing 1 to 6 carbon atoms per

molecule, a carboxylic acid containing 1 to 6 carbon atoms
per molecule, a sugar containing an aldehyde group or an «a-
hydroxyketone group, aluminum metal or zinc metal, and (ii)
at least one non-reducing liquid component, at a temperature
of up to about 60°C. for a time period of at least about 1
second, so as to produce a wet-reduced solid composition;

(2) substantially separating said wet-reduced
solid composition produced in step (1) from said liquid
reduction composition; and

(3) drying the substantially separated wet-reduced
solid composition obtained in step (2),

and in the event that the reducing agent (i) is
said aldehyde, said ketone, said carboxylic acid, said sugar,
said aluminum metal or said zinc metal, said liquid reduction
composition further comprises at least one dissolved alkali
metal compound which is an alkali metal hydroxide or an
alkali metal fluoride, and further provided that when the
reducing agent is said sugar, said method further includes:

(4) heating the dried, wet-reduced solid
composition obtained in step (3) in an oxidizing gas
atmosphere at a temperature of about 300°C. to 700°C. for a
time period of at least about 10 minutes.

2. . A method according to claim 1, wherein said liquid
reduction composition consists essentially of said at least
one reducing agent, said at least one non-reducing liquid
component, and said at least one alkali metal compound.

3. A method according to claim 1 or 2, wherein said

CASE: 33260

* c . L M s *



-are the testTh pacntrol Run 4 (see Table 1) enplo fﬁbbégﬁﬂl
-Catal yst Bl ( Mﬁth Run 10 ‘enpl oyi ng i nventi on} '
Resul ts fron1 ntroI run (Run 11 enploying Catalyst Cl) is

|isted for conparlson with invention- 9al ysts D2 and D3 (Runs 12 and 13).
ferr] - 18reddedtig agént is said Rupdrazine, swidlaBtali met£Ir] 4 Bl

:\{=err] (Corgorz(‘)éllydrigg;[ \sl\gzt.& aldehyde, 1s2£id ]éetolnS.eS, sai c.!a.::(agI ucefl
acid, said aluminum metal or said zinc metal, and said method
further includes said step
(4) heating the dried wet-reduced solid
composition obtained in step (3) in an oxidizing gas
< atmosphere at a temperature of about 300°C. to 700°C. for a
time period of at least about 10 minutes..

- 4, A method according to any one of claims 1-3,

~

wherein said at least one reducing agent is said hydrazine or
said alkali metal borohydride and said liquid reduction
composition comprises at least one alkali metal compound
which is a halide, a hydroxide, a carbonate, a bicarbonate, a
nitrate or a carboxylate.

5. A method according to any one of the preceding
claims, wherein the alkali metal borohydride is sodium
borohydride or potassium borohydride.

6. A method according to any one of claims 1-3,

oo wherein said at least one reducing agent is dextrose,
formaldehyde, formic acid, ascorbic acid or aluminum metal,
and said at least one alkali metal compound is potassium
hydroxide, potassium fluoride, rubidium hydroxide, rubidium
fluoride, cesium hydroxide or cesium fluoride.

7. A method according to claim 6, wherein said at
least one alkali metal compound is potassium hydroxide or
potassium fluoride. |

8. A method according to any one of the preceding
claims, wherein said inorganic support material is alumina,
titania, zirconia or a mixture of any two or more of said
support materials; said at least one non-reducing liquid
component is water, methanol or a mixture thereof; said
contacting temperature is about 10°C. to 60°C.; and said
contacting time is about 10 seconds to about 10 hours.

9. A method according to claim 8, wherein said
contacting temperature is about 20°C. to 50°C., said time
period is about 0.02-2 hours, and the pressure during said
contacting is approximately atmospheric.

10. A method according to claim 8 or 9, wherein said

)
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[err] 136 20 (Control) not wet-reduce 33
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= composition contains about 0. 01 0.2 weight percent palladium

and about 0. ,02-2 weight percent silver.

11. A method according to any one of the preceding

“

‘claims, wherein step (4) is carried out in air at a
temperature of about 400°C. to 600°C. for a time period of

- about 0.2 to 20 hours.
12. A method according to any one of the preceding

~  claims, wherein the weight percentage of said at least one
reducing agent in said liquid reduction composition is about
0.5-50 weight-%.
13. A process for selectively hydrogenating acetylene
with hydrogen gas to ethylene which comprises contacting said
acetylene with a composition made by a method according to
any one of the preceding claims.
14. A process according to claim 13, wherein said
acetylene is present as an impurity in an ethylene stream, at
a level of about 1-50,000 ppm C,H,. '
15. A process according to claim 13 or 14, which is
carried out at a reaction temperature of about 0°C. to 150°C.

* C L " S *



30« ‘ o of KOH, and cal ci ned) Test results_.l n Tab ,_[,%IS,_@E? ES_VBSEN"

show tshat wet-reductlon of a[err] catal yHtISShpettHasﬁenRefﬁb I ge P A
presence of an al kali netal hydr oxi de (wit bse umn% -
calcination) was quite effective in increa ature di fference
[€rr] (defined in Exanple 1). The presence of trace amounts of C4

~ hydrocarbons (0.01-0.02 weight- 40 9% in the hydrogenation product was
observed. Exanple IV This exanple illustrates the wet-reduction of

supported pal |l adium catal ysts wit laf®rgeg #@dﬁgg n the presence of alkali
nmetal conmpounds and the performance 45 of these materials as catalysts in
the selective hydrooeTabd FOR FPREPAREING! £30LID CATALYST COMPOSITION

USEFUL FOR HYDROGENATION

)

A catalyst composition comprising palladium, silver
=N and a support material (preferably alumina) is contacted at a
relatively low temperature (of up to about 60°C.) with a
liquid composition comprising an effective reducing agent
(preferably an alkali metal borchydride, hydrazine,
formaldehyde, formic acid, ascorbic acid, dextrose, aluminum
powder). Preferably, at least one alkali metal compound °
(more preferably KOH, RbOH, CsOH, KF) is also present in the
liquid composition. An improved process for selectively
hydrogenating acetylene (to ethylene) employs this wet-
reduced catalyst compasit:ion.

CASE: 33260



' CﬁﬁéLYSt_El (Control) was a comercial "G [err] - 19 - i
catal'yst, described in Exanple | (Catalyst Al). Catalyst E2 (@fﬁh@QﬁWL@E§”Lﬂi
pnepared by soaking, with occasional stirring, 30 grans of a%YSHI5APRE%Q7

with “a solution of 0.42 gram of 88 wei ght-% KOH pellets in YR amg--of- S
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distilled water for about 1 hour at roomtempekature, followed by draining

excess sol ution,

hours at-[err].

10

15

20

25

drying for 16 hours at [err], and calcining in air for 2
10 Cat al yst E3 (Cbntrol) was prepared in

SELECTIVE ACETYLENE HYDROGENATION
BACKGROUND OF THE INVENTION

In one aspect, this invention relates to a
method of making supported palladium/silver
compositions exhibiting improved acetylene
hydrogenation catalyst performance. In another aspect,
this invention relates to a process for seleetively
hydrogenating acetylene to ethylene employing supported
palladlum/sllver catalysts having been prepared by the
preparation method of this invention.

The selective hydrogenation of acetylene
being'present as an impurity in monoolefin-containing
streams (e.g., ethylene streams from thermal ethane ‘
crackers) is commercially carried out with ah alumina-
supported pallad;um/silver catalyst, substantially in
accordance with the disclosure in U.S. Patent 4,404,124
and its division, U.S. Patent 4,484,015. The operating
temperature for this process is selected such that
essentially all acetylene is h?drogenated to ethylene
(and thus removed from the feed stream) while only -an
insignificant amount of ethylene is hydrogenated to
ethane (to minimize ethylene losses and to avoid a
"funaway“ reaction which is difficult to control, as
has been pointed out.in the above-identified patents).
The selective acetylene hydrogenation process can be
most effectively controlled when there is a large
difference between the temperature at which essentiallf

CASE: 33260



acc@rdance wth the procedure for Catal yst E2, except that
soaked with a mi xture of 0.42 gram of 88@6KCH pel lets and 2§ gra
commerci al ly avail abl e formal dehyde sol uti on containing 38 ght. 1‘2@ ABR ]997 .....
[ert], 12 weight-%[err] and 50 weight-% [err]. Catalyst E4% -
comrercial "G 83C' [err] catalyst descrlbed-lh £xanple | (Catalyst Bl).
Catal yst 'ES (Control) was prepared by 20 soaki ng, with occasi onal
stirring, 30 gransadt egesvlener4 s hydrogesated ang a0 highen tespesuhuae

Bel Lets in 26 grarr&to{wh\tm.ereﬁc@rssawtetiz @ﬂe-@o-re@.;‘[!igﬂe]ew:‘gi?mfm I owed
y draining excess sol ution err cal ci ni
air for 2 hours at OS8UTrs-or B eét'%%\)’ﬁ% Paﬁ)oalvé"?':ﬁaéﬁ’ir &?qq?r}'%

in the above- identified patents is an excellent

5 catalyst, the present invention represents an
improvement in the preparation of this catalyst and
‘related catalysts and their use for the selective
acetylene hydrogenation. '

' SUMMARY OF THE INVENTION _

10 : It is an object of this invention to prepare
improved palladium/silver-containing catalyst '
compositions which are useful for catalyzing the
selective hydrogenation of acetylene to ethylene. It
is another object of this invention to carry out the

15 selective hydrogenation of acetylene to ethylemne in the

- presence of improved palladium/silver catalysts. It is
a further object of this invention to employ these
improved catalysts fer_hydrogenating acetylene which is
present in small amounts in ethylene containing

20 streams. Other objects and advantages will be apparent
from the detailed description and appended 61aims.

In accordance with this invention, a
preparation method comprises contacting a solid
composition (also referred to as "base catalyst

25 composition” or "gtarting catalyst composition")
comprising palladium, silver and an inorganic support
material, with a liquid reduction composition
comprising at least one effective reducing agent at a
temperature of up to about 60°C., at contacting

30 conditions which are effective in enhancing the
selectivity of said solid catalyst composition when
employed as a catalyst for hydrogenating acetylene to
ethylene. In a preferred embodiment, said contacting -
is carried out with a reducing agent in the presence of

35 at least one alkali metal compound, more preferably an
alkali metal hydroxide and/or an alkali metal fluoride.

'In one specific embodiment, the starting
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e procedure for Catalyst 15, except that BEpBACEMZNAS
ure of 0.48 gram of 88% KOH pellets and 26 grans-?f t he

f or mal dehyde sol ution. Catalysts El thr _ "$EA§R"EB7'§

ly in accordance with the procedure descri _
ad been preheated for 1 hour3wrth flow ng hydrogen gas at
d then for 1 hour with the hydrocarbon-containing feed

cataliyate campogidion deemaduned sl maintian oFf an
alkali metal borohydride, dried and then heated
(preferably in an oxidizing gas atmosphere) at a

temperature in the range of about 300°C. to about

- 700°C. for at least about 10 minutes. In another

specific embodiment, the starting catalyst composition
is reduced with a solution of hydrazine and dried, and,
optionally,'thereafter heated (preferably in an
oxidizing gas atmosphere) at a temperature in the range
of about 300°C. to about 700°C. for at least about 10
minutes. In a further specific embodiment, the
starting catalyst composition is reduced with a
solution containing formaldehyde and/or alkali metal
fluoride and at least one alkali metal hydroxide and
dried and, preferably, thereafter heated (preferably in
an oxidizing gas atmosphere) at a temperature in the
range of about 300°C. to about 700°C. for at least
about 10 minutes. In still another specific
embodiment, the starting catalyst composition is
reduced with a solution containing dextrose, and at
least one alkali metal hydroxide, dried and thereafter
heated (preferably in an oxidizing gas atmosphere) at a
temperature of about 300°C. to about 700°C. for at
least about 10 minutes. -

Also in accordance with this invention,
catalyst compositions prepared bj the above-described
methods are provided. .

Further in accordance with this invention, a
process for selectively hydrogenating acetylene '
(preferably present in a small amount in an ethylene-
containing gas stream) with hydrogen gas to ethylene is
carried out with a catalyst prépéred by one of the
above described methods of this invention.

DETAILED DESCRIPTION OF THE INVENTION

The starting material (also referred to as
"hase catalyst") which is wet-reduced in accordance
with this invention can be any supported palladium- and



h;dﬁogen; simlar to the feed described in Exanple I1) at [grggd . e
Thereafter, the tenperature was gradual ly raised while the eeéiﬁgggﬁyTSHLgT
t hrough the reactor. Test results are sumarized in Table | .Dme.[kﬁhAP H%P

- [err] REPLACEMENT SHEET [err] - 22 - - - . ey
silver-containing cétalyst composition. This catalyst
composition can be fresh (e.g., supplied by United
Catalysts, Inc., Louisville, KY, under the product

designation of "G-83C") or it can be a used and

5 thereafter oxidatively regenerated catalyst
composition. The base catalyst can contain any
suitable solid support material. Prefeiably, the'
support material is selected from the group cohsiéting

_ of alumina (mofe preferably alpha-alumina), titania,

10 zirconia and mixtures thereof. Presently most
preferred is the palladium/silver/alumina composition
described in U.S. Patent 4,404,124, the disclosure of
which is incorporated herein by reference. This skin-
type catalyst generally contains about 0.01-1

15 (preferably about 0.01-0.2) weight-% palladium and
about 0.01-10 (preferably about 0.02-2) weight-% _
silver, -at a Ag:Pd weight ratio of about 1:1 to about
10:1, more preferably about 5:1 to about 8:1. The
particle size of the supported Pd/Ag base catalyst

20 generally is about 1-10 mm, most preferably 2-6 mm.

The supported Pd/Ag base catalyst particles can have
| any suitable shape, and prefeiably are spheres or

cylindrical pellets. Generally, the surface area of

the supported Pd/Ag base catalyst (determined by the

25 BET method employing N,) is about 1-100 m2/g.

The above-described base catalyst particles
. are contacted with a reduction composition (hereinafter
referred to as "wet-reduction compositioni)) which
contains at least one reducing agent and, if the

30 reducing agent is not liquid, also at least one liguid

' component, in accordance with this invention. Suitable .
reducing agents include (but are not limited to) alkali
metal borohydrides (such as NaBH;, KBH,), hydrazine,

' aldehydes containing 1-6 carbon atoms per molecule

35 (preferably formaldehyde), ketones containing 1-6
carbon atoms per molecule, carboxylic acids containing
1-6‘carbon atoms per molecule (preferably, formic acid,



Test data in Table |V show that wet-reduction of a [err] ca ﬁb&iéc Wler |
Ag) wth formal dehyde in the presence of an alkali netal cqgphpoun %ﬁ%h}”h" T
showed no inprovenent (in terns of [err] and of ethane 5 fgg@pd]quaﬁ mkh
ovet treatnent with KOH al one (compare Run 16 with Run 15).LEp—coAfYAasr "
wet -reduction of a [err] catalyst with forna#d%hyde In the presence of KOH
I n accordance with this invention resulted in a significant increase in
[err] and al so in &ssoFbiti @sdd)i0 redusdng, sugarsemhdeh fcontadmtar err]
(conpare Run 19 wi hﬂd@!&?d@)gro@@'&‘ ,€ a¥ tEina tA%ARY, eaf:i-%l—'iﬁ{dz‘dﬂykiﬁéﬂées a.
particularly preferred eature of _.this invention rreduction Qqf
[err] catal ysts wi SFOMB FRTRERF %anrﬁaéen&%%%q talyi(preferably
conpounds. powder), zinc metal (preferably powder), and the like,

5 and mixtures thérecf. 1In the case of the above-listed
aldehydes, ketones, carboxylic acids, reducing sugars,

zinc metal, and aluminum metal, these reducing agents
are most effective when an alkaline agent (preferably
an alkali metal hydroxide and/or fluoride) is also

10 present in the wet-reduction composition. When the
reducing agent is a solid (e.g., Al powder), a liquid
substance which functions as a solvent or,
alternatively, as a dispersing medium is also present

 in the wet-reduction composition. Water or a lower

15 aliphatic alcohol (in particular methanol), or mixtures
thereof can serve as the non-reducing liquid component.
Generally, the weight percentage of the at least one
reducing agent in the wet reduction composition is in
the range of about 0.5 to about 50 weight-%, but may be

20 even higher. Preferably, the pH of the wet-reduction
composition, in particular if it is aqueous, is about
' 8-14. '

In a particularly preferred embodiment of
this invention, the wet-reduction composition

25 additionally contains at least one dissolved compound

. of at least one alkali metal (preferably selected from
the group consisting of potassium, rubidium and '
- cesium). Presently preferred alkali metal compounds
‘are halides, hydroxides, carbonates, bicarbonates,

30 nitrates, carboxylates (such as acetates, oxalates,
citrates and the like). Fluorides and hydroxides of
potassium, rubidium and cesium are particularly
preferred, especially when the reducing agent is an
aldehyde or ketone or carboxylic acid or reducing sugar

35 or zinc¢ or aluminum. Generally, the concentration of
the alkali metal compound in the wet-reduction
composition and the weight ratio of alkali metal



Catalyst F1 (Control) was a commercial "G 83C' [err] catal £ I
t he sane as Catal yst Bl, Exanple I). 20 Cata E£F§% QE&?éH%ET
was a "G 83C' [err] catalyst (defined above) which had been 56 fdd]ﬂﬁﬁ'@@?
sel gctive hydrogenation of acetylene to ethylene in a Texas leeftpery g "
Phillips Petrol.eum Conpany, and had then been 6 egenerated by heating it in

25 air to a tenperature of [err]. within a tirme period of 3 hours,

fol |l owed by cal ci ncompomns rtcatthehéaasteemaémnte clompos itdipns arm%qmrso

the cal cined, usedagakdl M.%E:dﬁ%%ﬁ%@ ebdu 0095 -5°RRal r%ealﬁitﬁ.' ¥ritd1d

(I'nvention) was prepared as | ows .0.,51 gram 0 wel ght - % KOH
pel I ets (equi val ent®Poa® GdsmeRmtalcdasimds inte:Fhe °§Gad1yz§r1:s compoeition.
wei ght - % f or mal dehyae ig0laligioo possililihadOlcarry out the contacting of the

5 catalyst composition with at least one dissolved alkali
metal compound before the wet-reduction or, . |
alternatively, after the wet-reduction has occurred.
However, the eééentially simultaneous wet-reduction and

treatment with at least one alkali metal compound, as
10 described above, is the presently preferred method. It
is, of course, also possible (yet presently not
preferred) to carry out the contacting with the alkali
metal compound (s) both before said wet-reduction and
concurrently with said wet-reduction, or both
15 concurrently with said wet-reduction and after said
wet-reduction, or before, concurrently with and after
said wet-reduction.
' The contacting of the supported Pd/Ag base
catalyst composition with the wet reduction cdmposition
20 can be carried out in any suitable manner. In general,
the catalyst composition and'the_wet-reduction
composition are contacted (mixed) for a time period of
at least about 1 second, preferably about 10 seconds to
about 10 hours, at a relatively low temperature of
- 25 about 10-60°C. More pieferably, the time period is
about 0.02 to about 2 hours, and the temperature is in
the range of about 20°C. to about 50°C. The pressure
during the wet-reduction step is approximately
atmospheric (about 0 psig). This'contacting step can
30 be carried out as a batch-type operation (mixing or
' soaking) or continuocusly (e.g., by using a mixing screw.
or a static mixer equipped with iﬁtergal baffles or by
spraying the base catalyst composition which is placed
on a moving conveyet belt with the wet-reductiqn
35 composition). '
The wet-reduced catalyst composition is then
substantially separated from the wet-reduction



Th%iforned solution was stirred for about one m nute, 30 gr
Catal yst F2 (regenerated "G 83C') 35 were added to the sol
obt ai ned m xture was. kept at roomtenperature for 1 hour, w

sti kring. Then excess l'iquid was decant ed, ;err] - 23 - the—seaked

tablets were dried in air at [err] for 5 hours and the dried tablets mere
calcined in air at [err] for 2 hours. Catalyst F4 (I'nvention) was prepared
5 essentially i n GRERSSISHQR RY AH conant nna) i srkidrbiqud separation

Cat al yst F3 except gdtdniinft/, Eith ts ¥btering (presently preferred),
'decant;ng of the liquid, centrifuging, and the like.
Thereafter, the substantially separated, wet-reduced
5 catalyst compos:t;on is dried, generally for a time
period of about 0.2-20 hours (preferably about 2-6 ‘
“hours), at a temperature of about 50-150°C. (preferably
about 100-130°C.). It is preferred to then heat .
(calcine) the dried, wet-reduced catalyst composition,
10 generally for a time period of about 0.2-20 hours
(preferably about 1-6 hours) at a temperature of about
300-700°C. (preferably about 400-600°C.). Both the
drying step and the calcining step can be carried out
in an oxidizing (i.e., Oz-containing) gas atmosphere or
15 in an inert gas atmosphere (e.g., under Ny, He, Ar, and
the like), preferably in air.  This calcining step is
particularly preferred when an alkali metal hydroxide
has been used as the reducing agent. '
The thus-prepared catalyst composition which
20 has been dried and, optionally, calcined can then be
employed in a process for hydrogenating acetylene to .
primarily ethylene. Optionally, the catalyst is firét
contacted, prior to the acetylene hydrogenation, with
hydrogen gas or with a gaseous hydrocarbon generally at
25 a temperature in the range of about 30°C. to about
100°C., for a time period of about 4 to about 20 hours.
- During this contacting with H, or hydrocarbon(s) before
the selective acetylene hydrogenation commences,
palladium and silver compounds (primarily oxides) which
30 may be present in the wet-reduced catalyst composition
after the drying step and the optional calcining step
(described above) are-substantially reduced to
palladium and silver metal. When this optional
reducing step is not carried out, the hydrogen gas
35 present in the reaction mixture accomplishes this
reduction of oxides of Pd and Ag during the initial
phase of the acetyiene hydrogenation reaction of this
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F5 (Inventlon) was prepared 10 essentially in accordance
pr-ocedure for Cat alyst F3 except that 0.008 nole CsCH was SS& (ing IAlpggu 1Q7

accordance mnth the procedure for 15 Cat al ys8 £3 except that Catalyst FI
(fresh "G 83C') was used as the starting material (in lieu of Catalyst F2).
Cat al yst F7 (| nventpwmenbiden.prepared essentially in accordance wth

Catal yst F4 except that Cata'-ﬁfet Fell ALV U D ataa{ FUedEY Yt Anild N
lieu 20 of Catalyst F2 Catagyst F8 (InS@%tlon) 1§ é%?essenf%glly

in accordance wit himye ed out by contacting a) a feed gas
which comprises acetylene, preferably an ethylene

5 stream containing acetylene as an impurity (generally'
at a level of about 1 ppm to about 50,000 ppm C,H,) and
(b) hydrogen gas with (c¢) the catalyst composition(s)
of the present invention. In order to best attain
substantially coﬁplete removal of the acetylene, there
10 should be at least one mole of hydrOgen for each mole
of acetylene present. Gases (a) and (b) are generally
premixed before their contact with the catalyst |
composition (¢). It is within the scopé of this
| invention to have additional gases (such as methane,
15 .-ethane, propaﬁe,(propene, butane, butenes, carbon
monoxide, hydrogen sulfide) present in the feed gas, as
long as they do not significantly interfere with the
seleccive hydrogenation of acetylene to ethylene.
Generally, CO and H,S are present in trace amounts
20 (preferably less than about 0.5 weight percent CO and
_ 1ess than about 50 ppm H,8). '

The temperature necessary for the selective
hydrogenation of acetylene to ethylene depends largely
upon the activity'of the catalysts and the extent of

25 acetylene removal desired. Generaily,'temperatures in
the range of about 0°C. to about 150°C. are used. Any
- suitable reaction pressure can be employed. Generally,
the total pressure is in the range of about 100 to
about 1,000 pounds per square inch gauge (psig). The
30 gas hourly space velocity (GHSV) can also vary over a
wide range. Typically, the space velocity will be in
the range of about 1,000 to about 10,000 m> of feed per
m3 of catalyst per hour, more preferably about 2,000 to
about 8,000 m?/m3/hour
35 Regeneration of the catalyst composition can
be accomplished by heating the catalyst composition in
air (at a temperature which preferably does not excéed




Catzal yst F5 except. that Catalyst F1 was used as the startin ﬁgﬁ_@,gd;@lm(ﬁgmm—-h
li eu of Catalyst F2). 25 Cat al yst F9 (I'nvention)f was prepared
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0. 002 nol e KOH was enployed (in lieu of 0.008 nole KOH). Catlabyst
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composition is reduced with Hy or a suitable

5 hydrocarbon (as has been described above) before its :
redeploymerit in the selective hydrogenation of
acetylene. It is also within the scope of this
invention to treat the oxidatifely regenerated catalyst
composition with a wet-reduction composition, £followed

10 by a drying step and an optional caleining step (i.e.,
in accordance with the method of this invention) before
the catalyst is redeployed in the selective
hydrogenation of acetylene (either di:ectly or after
reduction with H, or a suitable hydrocarbon, as has

15 been described above).

The following examples are presented to
further illustrate this invention and are not to be
congtrued as unduly limiting its scope.

Example I

20 This example illustrates the reduction of
supported palladium catalysts with a dissolved alkali
metal borohydride and the use of this "wet-reduced"
catalyst for the selective hydrogenation of acetylene
to ethylene. '

25 ‘Catalyst Al (Control) was a commercial
Pd/A1203 catalyst which contained 0.018 weight-% Pd and
about 99 weight-% alumina. It had a surface area
(determined by the BET method employing N,) of 3-5
m?/g, and had been provided by United Catalysts Inc.

30 (UCI), Louisville, KY under the product designation

~ "@83A", y _

Cata;xst A2 (Control) was prepared by soaking
20 cc of Catalyst Al in 150 cc distilled water (which
had been deaerated by bubbling N, gas through), adding

35 0.130 grams of NaBH, to the catalyst/water mixture, and
stirring the entire mixture (containing the catalyst,
water and NaBH@) for about 1 hour at room temperature.



[er] -24- essentially in accordance with the procedure for CaEaLysmeﬁ; SREET
except that 0.032 nole of KOH was enployed (in.lieu of 0.008 nole tﬁ’&ﬁﬁﬁ
Catal yst F13 (Invention) was prepared 5 essentially in acco daﬂﬁe L fﬁBZ
protedure for Catal yst, F12 except that. 0.032 nole of NaOH (i“ -
was enpl oyed. Catalyst F14 (lnvention) was pr&Pared essentially i.n
accordance with the procedure for 10 Cat al yst F3 except that 0.005 nole
of KOH was enpl oye@hennthecgxgese. @éauﬁdlUBRCﬂFalgeﬂaByQttFESBPB#w@ntlon)

was prepar ed catalyst was washed several times with deaerated water.

The wet catalyst was heated in a'hydrogen gas
atmosphere at 90°C. for 2 hours, and allowed to cool to
5 room temperature under flowing Hy. '
Catalyst A3 (Control) was prepared by soaklng
23.65 grams of Catalyst Al in 100 cc of methanol (whlch
had been deaerated with flowing N,), adding about 1
gram of solid NaBH, to the catalyst/methanol mixture,

10 stirring the entire.mixture (containing the catalyst,
methanol and NaBH4) for about 1 hour at room

" temperature, draining excess liquid, washing the socaked
catalyst three times with fresh methanol, drying the
washed catalyst at 180°F. (82°C.) overnight, and

15 calcining the dried catalyst in 370°C. for about 4
hours.

Catalyst Bl (Control) was a commercial
Pd/Ag/Al,04 catalyst which contained 0.023 weight-% Pd,
0.065 weight-% Ag and about 99 weight-% alumina. It

20 had a BET/N2 surface area of 3-5 m?/g. had been
prepared substantially in accordance with the method
described in U.S. Patent 4,404,124 (column 4, lines 32-
45), and had been provided by UCI (identified above)
under the product designation "G-83C".

25 Catalyst B2 (Invention) was prepared by
soaking about 20 cc of Catalyst Bl in 150 cc of
deaerated methanol, adding about 1.0 gram of solid
NaBH,; to the catalyst/methanol mixture, stirring the
entire mixture (containing the catalyst, methanol and

30 NaBH4) for about 50 minutes at room temperature, :
draining excess liquid, washing the soaked catalyst
three times with deaerated methanol, and drying the
washed catalyst under vacuum conditions.

Catalyst B3 (Invention) was prepared by
- 35 soaking 20 cc of Catalyst Bl in 100 cc deaerated
methanol, adding about 1.0 gram of solid NaBH; to the
catalyet/methanol mixture, stirring the entire mixture



esseéntially in accordance with the procedure for Catalyst t-hatar s
0.0275 nol e of KOH was enpl oyed 15 (inlieu of 0.008 nol E%ﬁ&?@%wgﬁﬁ§%§hr
of- contact with the formal dehyde solution was only about 0.[bphur 1(0 APRi 97
of 1 hour), and the fornmal dehyde concentration was only abaut—18 wei ghis 07/ —
(inlieu of 37-38% . Catalyst F16 (Ilnventiom) Mas prepared 20 essentially
in accordance with the procedure for Catal yst F3 except that 0.015 nole of
KOH -was enpl oyed (i{fomtaindmne theg aatiadwat) nethanale ang NaBiyly for about
ccgtnclent{atF |1 (;n(\lfvas qtn_tmbu)ab@ﬂ rboiei e%a(t'di:té_,' ﬁfﬂ.fni?nb @?@desiiiqt%ihd,th

al ys nvent i wag prepared essentia i n _gccordance w e
procedure for Cat aﬂisg‘qﬁg é:i’cég[ﬁdp Ny S | Hhxse l%‘?%é’ idnAsrated
i eu of 0.008 nol emeithédd)l, drying the washed catalyst overnight at

5 '180°F. (82°), and calcining the dry catalyst at 370°C.

in ai: for about 3 hours.

Popmpan v

Catalyst B4 (Invention) was prepared_by
calcining Catalyst B2 after it had been tested for its
acetylene hydrogenation performance at 370°C. in air

10 for about 4 hours. '

About 20 cc of each of the above-described
catalysts was placed into a stainless steel reactor
tube having a 0.5 inch inner diameter and a length of
about 18 inches. Each catalyst was treated with

15 flowing hydrogen gas under a pressure of 200 psig, at a
temperature of about 110-130°F., for about 16 hours.
Thereafter, the reactor tube was cooled to about
110°F., and a hydrocarbon-containing feed'gas
containing 1.98 weight-% hydrogen, 21.40 weight-%

20 methane, 21.18 weight-% ethane, 55.09 weight-%

| ethylene, 0.35 weight-% acetylene and 0.03 weight-%
carbon monoxide was introduced inﬁo the reactor tube at
a rate of about 900 cc/minute. The reactor temperature
was gradually increased to the desired reaction '

25 temperature, and samples of the formed product were
analyzed by means of a gas chromatograph at various
time intervals. .

Two key test results are summarized in Table
T: Ty, which is the "cleanup” temperature at which

30 acetylene is substantially hydrogenated to ethylene (so
as to obtain a product containing_}ess than about 10
ppn (ppm = parts per million parts by weight) of
acetylene; and T2, which is the "runaway" temperature
at which a substantial portion of ethylene is converted

35 to ethane (exothermic "runaway” reaction) and the
ethylene/ethane molar ratio in the product has
decreased to about 2.3 (from about 2.8 attained at



Cétal yst F18 (Il nvention) was pr epar'ed 30. essentially in af 84 ’:,“_l
RESRE I Bricer l

the procedure for Catalyst F6 except that 0.05 nole of KF enpl oye
li-eu of 0.008 nole of ROE). Catalyst -F19 (Invention) was pflepased 0 APR 1997
essentially in accordance with the procedure for 35 Cata 18 BXCERT T 1

that 0.007 nole of KF and 0.001 nol e of KOH-(&# Iieu of 0.008 nole KF) was
enpl oyed. Catalysts F1 through F19 were tested REPLACEMENT SHEET [err] -
25 - substanti al | ylewesctenparatuges) -t hdhe Highare the temperature

difference (T;-T,) attained with a particular catalyst,
- the more satisfactorily will this catalyst perform as a
selective acetylene 'hydrogenation catalyst. Test
5 results are summarized in Table I.
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essentially the sane as that described in Exanple Il was e 0 N
results are summarized 5 - in Table V. [err] - 26 - [erffl pae [éﬂr R
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Table I
.5
Run Catalyst Ty (°F.)
1 Al (P4/Al,0,,
{Control) not wet- 114
10 ' ' reduced)
2 | a2 (pPd/Al1,0;, '
(Control) wet-reduced 116 145 29
| 3 A3 (Pd/Al,0,
(Control) wet-reduced with : :
NaBH,, and 133 164 31
calcined)
20 -
' 4 Bl (Pd/Ag/Al,0,,
“ (Control) not wet-redugea) 120 155_ 35
5 | B2 (Pd/Ag/Al,05,|: |
25 (Invention) | wet-reduced with 192 232 - 40
NaBH4) - ’ '
(Invention) | wet-reduced with
30 NaBH,, and 134 183 49
calcined)
(Invention) | wet-reduced with
35 NaBH4, and 114 190 49
calcined)

Test results in Table I show that wet-
reduction of a Pd/Al,04 catalyst with dissolved sodium
40 Dborohydride, either with or without subseguent
- calcination, had no significant effect on T,-T, (i.e.,
the temperature &ifference defined above). On the
. other hand, the wet-reduction of the Pd/Ag/Al,04
" catalyst resulted in an enhanced temperature
45 difference, in particular when calcination in air was
carried out after the wet-reduction. The presence of
traces of formed C, hydrocarbons (about 0.02 weight-%)
in the hydrogenation product was observed.



fery] -28- [err]  [err] - 29 - [err]  [err] | REP:AGEMENT%ET—I'
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_ Example IT
This example illustrates the wet-reduction of

a supported palladium/silver catalyst with dissolved
hydrazine in accordance with this invention.
5 Catalyst Cl (Control) was substantially the
same as Catalyst Bl described in Example I.
Catalyst C2 (Invention) was prepared by
soaking 23.3 grams of Catalyst Cl1 with a solution of 5
cc N,H,8H,0 in 45 cc of distilled water for about 1

10 hour. The excess liquid was poured off, and the wet
catalyst was heated in a forced air convection oven at
125°C. for about 4 hours. _

Both catalysts were tested for their
"selective acetylene hydrogenation activity,

15 substantially in accordance with the procedure
described in Example I, except that the hydrocarbon-
containing feed contained about 33.2 weight-% methane,
about 0.08 weight-% ethane, about 63.1 weight-%
ethylene, about 0.35 weight-% acetylene, about 0.05

- 20 weight-% carbon monoxide, and about 3.2 weight-% Hy.
Test results are summarized in Table II. -
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reduced, alkali-nmetal -pronoted [err] catal ysts were nore SelreEptheemstT szt
ethylene (rather than ethane) than the untreated catal ysts,jf at coqﬁf ﬁﬁlf
caonversions of acetylene. 20 - Exanp @aML" A 997
exahpl e illustrates wet-reduction of [err] catalysts with d=dissotve
reduci ng agent other than fornmal dehyde, in thdépresence of an al kali rret al
conpound (KOH). 25 - . Catalyst Gl (lnvention) was prepared
essentially in accordance w tTeathsahadad Tablieo I Ixbhaw Sthats wetcammrduetion
except an agueous @ utlmaggmgedﬂ R 103 ¢ Qe @edéﬂafalaw the b P

grans of water was ,used as duci ng agent (In lreu of

f or mal dehyde/ et hadSicrRasdng the &W@“ﬁ%\?@tﬁﬁ%ﬁn‘%ﬁagmﬂepaﬁﬁflned in .

Example I). The presence of trace amounts of formed
5 Dbutenes (0.03-0.05 weight-%) in the hydrogenatlon .

product was observed.

Table II also presents test.deta on the
amount (in ppm by weight) of ethane produced at the
"cleanup® temperature, T,, which is a measure of the

10 selectivity to ethylene exhibited by a particular
catalyst at the "cleahup" temperature (defined in .
Example I). These test data wére-ebtained by
subtracting the amount of ethane present in the feed

. from the amount of ethane present in the hydrogenation

15 product produced at T,. Table II clearly shows that
less of the undesirable ethane was formed with the wet-
reduced catalyst, C, (as compared with the untreated
Catalyst C;). Consequently, more desirable ethylene
was produced with the invention Catalyst C, (as

20 compared with the untreated Catalyst C,).

Example III .
§ This example illustrates the wet reduction of
a Pd/Ag/Al,0, with formaldehyde in the presence of an
alkali metal hydroxide, in accordance with this’

25 invention. :

Catalyst D1 (Invention) was prepared by
mixing 20 cc of control Catalyst Bl (described in
Example I) with about 110 cc of a solution which
contained about 38 weight-% formaldehyde, about 12

30 weight-% methanol and about 50 weight-% water, and 1.13
grams of NaOH. The entire mixture was stirred at fqam
temperature for about 2 hours, excess liquid was poured
off, the socaked catalyst was rinsed three times with
fresh methanol, the washed catalyst was dried overnight

35 at about 88°C., and the dried catalyst was then
calcined in air at 370°C. for 4.5 hours.

Catalyst D2 (Invention) was prepared by



-y

eésentially in accordance with the procedure for Catal yst F} RERGAGEMENY SHEET

(Mitamn C) and 35 24.7 grans of water was used as the regubatag..

except that an aqueous sol ution containing 0.03 nole of  ascdgrbic agi
TUEARR 1907

i eb of formal dehyde/ nethanol/water). Catalyst G3 (Inventio
[err] - 31 - essentially in accordance with-tR& procedure for Catal yst F3
(Exanple V) except that an aqueous sol ution containing 0.03 nole of

hydr azi ne hydrat e adgingog0 2¢ o©fgcomtred Eatalywis Clsddescniled dauci ng

agent (in 5 |ieupghmbIeMairyehides/ TAN20OIEA! ollution, which contained

' about 37 weight-% formaldehyde, about 17 weight-%
methanol and about 46 weight-% water, and 1.18 grams of

5 NaOH. The entire mixture was stirred at room
temperature for about 2 hours. Excess liquid was
poured off. The wet catalyst was rinsed three time
with 150 cc of fresh methanol, and dried under H, at
60-100°C. for several hours.

10 Catalyst D3 (Invention) was prepared by
mixiﬁg 20 cc of Catalyst Cl with 75 cc of a solution,
which contained about 37 weight-% formaldehyde, about
17 weight-% methanol and about 46 weight-% water, and
about 0.6 gram of KOH. The entire mixture was stirred

15 at room temperature for about 40 minutes, excess liquid
was poured off, the wet catalyst was dried at about
88°C., and was then calcined at 200°C. for several
hours.

The thus-prepared catalysts were tested for

20 the selective acetylene hydrogenation activity,
substantially in acco:daﬁce.with the procedure
described in Example I. The hydrocarbon-containing
feed had essentially the same composition as the feed
employed in the tests of_Examplé I. Test results for

25 the three catalysts described in this Example are '
summarized in Table IIXI. Also included in this table
are the test results from control Run 4 (see Table I)
employing contfol.Catalyst Bl (for comparison with Run
‘10 employing invention Catalyst Dl). Results from

. 30 another control run (Run 11 employing Citalyst Cl) is
listed for comparison with invention Catalysts D2 and
D3 (Runs 12 and 13).




Chtalyst &4 (I nvention) was prepared essentially in accordangeRRPLACEMBENT SHEET
procedure for Catalyst F3 (Exanple V) except that an aqueous SO|UtI§Q PR. 1997
containing 0.03 nole of dextrose and 24.6 grans of 10 wate Jxég ............

t hezreducing agent (in lieu of fornal dehyde/ nmet hanol /water). tatryst—Go—
(I'nvention) was prepared essentially in accord8nee with the procedure for
Catal yst G4 except that 0.003 nole dextrose (in lieu of 15 0. 03 nDIe
dextrose) and 0. 02FTore RO WS epr oy ed L 1T oo B0 002 Ot € feok

Catal yst G6 (Inventli on) was prepar ed essent akile, TLT accor dance wit h the
procedure for Catal :

| ieu of 0.025 | e ventl on re
4 Bl (Pd/Ag/A1203, .
(Control) not wet- 120 155 35
reduced)
10 “ ‘
10 D1 (Pd/Ag/A1203,
(Invention) | wet-reduced
‘ with CH,O in 125 171 46
15 presence of '
_ NaOH, and
calcined)
11 Cl (Pd/ag/al,0
20 (Control) not wet- reduces) 134 167 33
12 D2 (Pd/Ag/Alzo v
(Invention) | wet-reduced with
CH,0 in presence 129 182 53
25 of NaOH)
13 D3 (Pd/Ag/Al o}
{Invention) | wet-reduced w1
CH,O in presence| 143 209 66
30 of KOH, and
' calcined)

Test results in Taﬁle III clearly show that
_ wet-:eduction of a Pd/Ag/Al,0, catalyst with
35 formaldehyde in the presence of an alkali metal
hydroxide (with or without subsequent calcination) was
quite effective in increasing the temperature
difference T,-T; (defined in Example I). The presence
of trace amounts of C, hydrocarbons (0.01-0.02 weight-
40 %) in the hydrogenation product was observed.
Example IV
This example illustrates the wet-reduction of
supported palladium catalysts with formaldehyde in the
presence of alkali metal compounds and the performance
45 of these materials as catalysts in the selective
' hydrogenation of acetylene. ,
Catalyst El1 (COntrol) was a commercial "G-



essentially in accordance with the procedure for Catal yst FJ MR ‘%
except that a m xture of 0.38 grans of alum num netal powdel, ﬁ’ %ﬁ?gﬁgﬁzuor rl
KGH and 25 20 grams of water was used as the reducing age Dten IDeMﬂprBLU_
“forwal dehyde/ et hanol /water). Catalysts Gl-G/7 were tested sghstanfigl [ RV .
accordance with the procedure used in Exanple M -Test results are

sunnarlzed in Table VI. [err] - 32 -
83Aa" Pd/Al1,045 catalyst, described in Example I

(Catalyst al).
Catalyst E2 (Control) was prepared by

soaking, with occasional stirring, 30 grams of Catalyst

5 El with a solution of 0.42 gram of 88 weight-% KOH
pellets in 26 grams of distilled water for about 1 hour
at room temperature, followed by draining excess
solution, drying for 16 hours at 125°C., and calcining
in air for 2 hours at 1000°F. (538°C.).

10 Catalyst E3 (Control) was prepared in
accordance with the procedure for Catalyst E2, except
that Catalyst El was soaked with a mixturé of 0.42 gram
of 88% KOH pellets and 26 grams of a commercially
available formaldehyde solution containing 38 weight-%

15 CH,0, 12 weight-% CH3OH and 50 weight-% H,O.

Catalyst E4 (Control) was a commercial "G-
83C" Pd/Ag/Al,03 catalyst described in Example I
(Catalyst Bl). :

Catalyst ES5 (Control) was prepared by

20 soaking, with occasional stirring, 30 grams of Catalyst
E4 with a solution of 0.48 gram of 88% KOH pellets in_,.
26 grams of water for about 1 hour at room temperaturé,
followed by draining excess solution, drying for 8'
hours at 125°C., and calcining in air for 2 hoﬁrs at

25 1000°F. (538°C.). ' '

| ZCatalzst E6 (Invention) was prepared in
accordance with the procedure for Catalyst E5, except
that Catalyst E4 was soaked with a mixture of 0.48 gram
of 88% KOH pellets and 26 grams of the above-described

30 formaldehyde solution. :

' Catalysts El through E6 were tested
substantially in accordance with the procedure
described in Example I. Each catalyst had been
preheated for 1 hour with flowing hydrogen gas at

35 100°F./200 psig and then for 1 hour with the
hydrocérbon-dontaining feed (containing methane,
ethane, ethylene, acetylene, carbon monoxide and



pEE

[éf{] - 33 - [err] - 34 - A conparison of the test data i RE@thhyQJ@ygdP % J
those in Table V indi.cate that the four reducing agents enplljpyed in thi '
Exanpl e were essentially as effective as fornal dehyde, in t EﬂﬁﬁiﬁﬁAERQﬁmZ ______

pot assi um 5 hydr oxi de. - Exanpl e VI1 This exanple illustrat
reducti on of supported Pd/ Ag catal ysts contalﬂerlnorganlc supports ot her

than alumna (nanely titani a
_ hydrogen; similar to the feed described in Example II)

at 100°F./200 psig. Thereafter, the temperature was
gradually raised while the feed passed through the
reactor. Test results are summarized in Table IV.
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10- and zirconia) was also quite effective in increasing [
t he sel ective hydrogenation of acetylene, in accordance with|this '
i.avention. Catalyst HL (Control) was a [err] catal yst which &pnédhAgangﬁzm
i npregnating 1/8 inch, 15 sulfur-free titania pellets wit ' = '
palladiun(ll) nitrate solution (so as to-p2bv+de a | evel of about 0.02

wei ght-% Pd on the [err] pellets), drying the Pd/Ti Q2 particles, calcining
themfor 8 hours at [err] in air, inpregnating the calcined 20 Pd/ Ti Q2
particle with an aqueous silver nitrate solution (so as to provide a |evel
of about 0.1 = v
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soaking Catalyst El with a mixture of 26.0 grans of the comm
f or mal dehyde/ nmet hanol / wat er ‘sol uti on described in Exanple 1V|(
pr-eparation of Catalyst E3) and 0.41 grans of 88 wei ght-% KO}
foltowed 30 by drai ning excess solution, drying (at [err],
and calcining in air for 2 hours at [err]. -Bo2@ catal ysts were tested

substantially in accordance with the procedure described in Exanple I,

except that a hydrocarbon- cofesitnidatar dad Tablie IV tshoss thath wesirerefuatridned

i HSExarrpl e 1l vas gged PafAl, 0, THtad y¥te GBI Af) RitdP o Mladldenyde ]

7

in the presence of an alkali metal compound (KOH)
showed no improvement (in terms of T,-Tq and of ethane
5 formed at T,) over treatment with KOH alone (compare
Run 16 with Run 15). In contrast, wet-reduction of a
Pd/Ag/A1203 catalyst with formaldehyde in the preéende
of KOH in accordance with this invention resulted in a
significant increase in T,-T, and also in a significant

10  decrease of ethane formed at T; (compare Run 19 with

Run 18).
Example V .

This example further illustrates a
particularly preferred feature of this invention: wet-

15 reduction of Pd/Ag/Al,0; catalysts with formaldehyde in
the presence of alkali metal compounds.

Catalyst F1 (Control) was a commercial "G-
83C" Pd/Ag/Al,05 catalyst (essentially the same as
Catalyst Bl, Example I). _

20 : Catalyst ?2 (Control) was a "G-83C"
Pd/Ag/A1203 catalyst (defined,ab¢ve) which had been
used for the selective hydrogenation of acetylene to
ethylene in a Texas refinery of Phillips Petroleum
Company, and had then been regenerated by heating it in

25 air to a temperature of 1000°F. within a time period of
3 hours, followed by.calcining in air at that
temperature for 4 hours. Thereafter, the calcined,
used catalyst was cooled to room temperature. .

Catalyst F3 (Invention) was prepared as

30 follows 0.51 gram of 88 weight-% KOH pellets
(equivalent.to 0.008 mole KOH) was added to 30 grams of
a 37-38 weight-% formaldehyde solution in methanol.

The formed solution was stirred for about one minute,
30 grams of control Catalyst F2 (regenerated "G-83C")

35 were added to the solution, and the obtained mixture
was kept at room temperature for 1 hoﬁr, with
occasional stirring. Then excess liquid was decanted,



[err] -36- Test data in Table VIl.clearly ShOMlthat wet - red<ﬁgpuA §§¥§QEET
had essentially the sane beneficial effects as wet-reducti onjfof [err

(described in previous exanples) 5 Addi ti onal prglg
(not described in detail herein) indicate that the use of a It

ry APRs ‘I%Z

(whi ch had not been wet-reduced in the sel eecti28e =hydr ogenati on of
acetylene) was al nost as effective (in terns of [err] values) as [err],
catal ysts (al so notthgesaakak d@bletsy ware dniast dnpradix mmdr@B"tQ-stfo!e@I ts

it is concluded thaioude Wﬁﬁi the dried tablets were calcined in air at

10

15

20

25

30

35

538°C. for 2 hours.

_ Catalyst F4'(Invention) was prepared
essentially in accordance with the above-described
procedure for Catalyst F3 except that 0.97 gram of 99%
pure RbOH®H,O (0.008 mole RbOH) was used (in 11eu of
0.008 mole KOH). ' '

Catalyst F5 (Invention) was prepared
essentially in accordance with the procedure for

Catalyst F3 except that 0.008 mole CsOH was used (1n

lieu of 0.008 mole KOH).

Catalyst F6 (Invention) was prepared
essentially in accordance with the procedure for
Catalyst F3 except that Catalyst Fl (fresh "G-83C") was

' used as the starting material (in lieu of Catalyst F2).

Catalyst F7 (Invention) was prepared

essentially in accordance with Catalyst F4 except that
Catalyst Fl was used as the starting material (in lieu

of Catalyst F2), _

Catalxét F8 (Invention) was prepared
essentially in accordance with the procedure for
Catalyst F5 except that Catalyst Fl was used as the
starting material (in lieu of Catalyst F2).

Catalyst F9 (Invention) was prepared
esgentially in accordance with the procedure for
Catalyst F6 except that 0.002 mole KOH was employed (in
lieu of 0.008 mole KOH). |

' Catalyst F10 (Invention) was prepared
essentially in accordance with the procedure for
Catalyst F7 except that 0.002 mole RbOH was employed

.(in lieu of 0.008 mole RbOH).

Catalyst Fll (Invention) was prepared
essentially in accordance with the procedure for
Catalyst F8 except that 0.002 mole CsOH was employed
(in lieu of 0.008 mole CsOH).

Catalyst F12 (Invention) was prepared



redyction of [err] catalysts, with or wthout the presence pfREPIAOEMENT BHEET
conpounds, in accordance with this invention will produce cftal yst

exhi biting 15 enhanced [err] values and hi gher selectivit| d3atéo. z{%@E%n@gZ"
(as-conpared with the untreated catal ysts). Exanple VIII This=exampte
illustrates a method of preparing an effectirvé4acetyl ene hydrogenation

catal yst 20 by wet-reduction and subsequent pronotion w th potassium
fluoride. CatalystepsenphiarilvodR aesoplapgecWibh $bekprgceduregfoms of

Catalyst Bl ("[errbatdegsti bGdekEeE%a'Eﬁh% 0). 0B2 RB16C 0¥l KOH3Wa¥el 1)a%d

f or mal dehyde 25 olu l,on (of 8 [11 for Catalyst D2
addi ng about 0.5 g éﬂ\ 6PPdggC§I HQEEagglggpfsolutlon m xture, stirring

this mxture for 30 Catalyst F13 (Invention) was prepared

5 essentially in accordance with the procedure for
Catalyst Fl2 except that 0.032 mole of NaOH (in lieu of
KOH) was employed. '

Catalyst Fl4 (Invention) was prepared
.essentially in accordance with the procedure for

10 Catalyst F3 except that 0.005 mole of KOH was employed
(1n lieu of 0.008 mole KOH).

‘Catalyst F15 (Invention) was prepared
esseﬁtially’in accordance with the procedure for
- Catalyst F3 except that 0.0275 mole of KOH was employed

15 (in lieu of 0.008 mole KOH), the time of contact with
the formaldehyde solution was only about 0.5 hour (in
lieu of 1 hour), and the formaldehyde concentration was
only about 18 weight-% (in lieu of 37-38%).

‘Catalyst F16 (Invention) was prepared

20 = essentially in accordance with the procedure for
Catalyst F3 except that 0.015 mole of KOH was employed
(in lieu of 0.008 mole KOH), and the formaldehyde
concentration was only about .1 weight-% (in lieu of
37-38%).

25 ’ Catalxet Fl7 (Invention) was prepared
essentially in accordance with the procedure.for
Catalyst F3 except that 0.050 mole of KOH was employed
(in lieu of 0.008 mole of KOH).

Catalyst F18 (Invention) was prepared

30 . essentially in accordance with the procedure for
Catalyst F6 except that 0.05 mole of KF was employed
(in lieu of 0.008 mole of KOH).

Catalyst F19 (Invention) was prepared
essentially in accordance with the procedure for

35 Catalyst F18, except that 0.007 mole of KF and.O 001
mole of RKOH (in lieu of 0. 008 mole KF) was employed.

Catalysts Fl1 through F19 were tested



m'-n_ut es at roomtenperature, adding again about 0.5 gram of If H s - |
stirring the obtained m xture 30 agai n for about 30 m nuteg ftpq"f\gkﬁﬁ =ET

tenperature. Thereafter, excess liquid was drained, and the §qaked,{( APR 1997

wet sreduced m xture was washed twice with fresh nethanol andjlt B 1 o - -
with distilled water (so as to renove substanBally all KOH whi ch had been
35 incorporated into the catalyst). The washed, wet- reduced catal yst.

was dried overni ghsubstpatipllyndn Resordance with fheopmocedusie 0. 355 gram
anhydrous = [err] gesdfibeROlias Bxafiphleld!,| d&kcept’ tPAtdadWyddiociaitn fHI
KE- which was essentially the same as that described in
Example II was employed. Test results are summarized
5 in Table V. '
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| nptegnat ed catal yst was dried overnight at [err] and calcin -Fggggh_
hours in air at [err] The thus obtained catal yst, which cont ?ﬁ% ﬁﬁ%ﬁﬁ
wei ght-% K (as fluoride), was tested for its acetyl ene hydrogenali oh( APR E@z
actlvity substantially in accordance with the procedure desciihad Q""" """ 1
Exanple |I. Result: [err] was [err] was [er2f and [err] was [err] 10

Thereafter, the catal yst was exposed to the feed at "runaway" conditions,

i.e., at a tenperature in excess of Jerr for about 22 mnutes, so as to
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(iy_contacting (a) a solid conposition conprising palladi umSLLvVer. e |
I norgani ¢ support material wth (b) a Iiquid reduction conp Sﬁ%}%ﬁéhﬁ&ﬁ%gﬁatr

conprising (i) at |east one reducing agent selected fromth r.oup
consi sting of hydrazine and al kali netal borohydrides and (i iﬁatﬁt“'l“euaAsEfR'rgﬁz"".

non-reducing |iquid conponent, at a tenper28ure of up to about [err]. for a
time period of at |east about 1 second, so as to produce a wet-reduced
solid conposition; (2) substantially separating said wet-reduced solid
conposition produced in step (1) fromsaid |iquid reduction comnposition;

and (3) dryi T osi tion
obtained in 2. %H Almet hod iJn accordhance with cl ai m wher ei n
sai d i norgani ppoet |material |is seledted fronfthe groyp considgting of
alum na, titdhi 4§nconia and m xtures
. o (=] o [=}
& (241 n n (=) (=)
R, ~ ] o~ o~ <
NE n ™ |-| - in
Y
Qb
ll g o o [ (3] [+ ]
K N n 0 © 0
1 b
N
* B
: ™
o w ™ N [<2] ~
e 0 (=] i (=] ™
(] (] ~N (4| (4]
N
b B
ib B
-} w [<)] [Ty ™~ [+)]
(] ~ <« < < « <«
i - - - - ~
< & '
!a
- L L} 0 - ” - 0
SEe (88 [S¥88 (888 |[J% e
od o~ B ol 6 o B o~ 6
228 |2%8 |28 (228 |3
~NT o N7 o ~d o ~d o ~d 9
It} Do H ODO0N - | DO N D0 H Do N
B |Sg& |gga_|gga |ggh |sgn
~ vOd~ | o8 | VOHE~ | DOV~ |TT
] AR O-AM | AMOHO [ MO | MO-Ai | A1 O-d T
i) “MH O|~vH4 @d|~H _O|~H _O|>~h_0O
af tOoOM| 102 1t OM 1 OM 1t O
O |9y | 090w [ S0ew [ Sbnw | g o
BBUOO0O MBUO|BBVO | M3UO0 | WB3UO0
- ~_—~ — o~ E
8 8 8 8 8
o] o] Ll =] =
HE ) it i ]
g = <] £ ]
: 2ol |8 :
g
) g d d d




ther.eof; said at |east one non-reducing liquid conponent is g&@ﬁh@%ﬁgﬁ@gpgg{f
the group consisting of water, nethanol and m xtures thereoff] sai .
tenperature is about [err]; and said tinme period is about 10} gggan d ARR 1997
abost 10 hours. 3. A nmethod in accordance with clai mR—wierein Salg "
i norgani ¢ support material is al pha-alun-nd® and said solid conposition
contai ns about 0.01-0.2 weight percent palladiumand about 0.02-2 wei ght

percent silver. 4. A nmethod in accordance with claim3, wherein said
at | east one reducing agent is selected fromthe group consisting of sodium
bor ohydri de and jo um gor onyaripe.  o. — A Tetnod 11 accordance
with claim3, whg¢relin saig|at | east} one redfici ng aggnt is hyjfirazine. 6.
A met hod in accoflda cedWFtH claim1 wherein the weijght percgentage of said
at | east one redyci fig ﬁpgnt in said liquid yeductiorn conposiffion is about
0.5-50 wei ght-% r-| o o o o
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7.~ A method in accordance with claim 1, wherein said gyﬁﬁﬁLgﬁgmgﬁTs \EET
11111111 111111 111111111111111 [err] [err] 39 liquid redic
conposi tion conprises hydrazine and additionally at |east ong @dtgal i GT&PBI 1997

conpound sel ected fromthe group consisting of halides, hydre¢-=tdes: ]
car bonat es, bicarbonates, nitrates and carboxygOates. 8. A

preparation nethod which consists essentially of the steps of: (1)

cont acti ng (a) a sol id conposRestodatmpin fahje V clearly show that the

10

15

20

25

30

35

reduction of fresh or of used, regenerated Pd/Ag/A1203
catalysts with formaldehyde in the presence of an
alkali metal compound consistently resulted in higher
To-T, values and in lower amounts of ethane formed at
the’cleanup temperature, T;. Most effective alkali
metal compounds were KOH, KF, RbOH and CsOH.
Generally, the use of formaldehyde solutions containing
0.002-0.050 mole KOH or RbOH or CsOH or KF were most
effective. Additional test data (not included in Table
V).indicete that the amounts of ethane produced at
temperatures which were 10°F., 20°F. and 30°F.,
respectively, above the particular "cleanup"
temperature were consistently lower in invention runs
22-38 than in control runs 20 and 21. Thus, the wet-
reduced, alkali-metal-pramoted Pd/Ag/A1203 catalysts
were more selective to ethylene (rather than ethane)
than the untreated catalysts, at comparable conversions
of acetylene. '

Example VI

This example illustrates wet-reduction of
Pd/Ag/A1203_catalysts with a dissplﬁed reducing agent
other than formaldehyde, in the presence of an alkali
metal compound (KOH).

' ‘Catalyst Gl (Invention) was prepared
essenﬁially in accordance with the procedure for
Catalyst F3 (Example V) except an agqueous sclution
containing 0.03 mole of formic acid and 28.5 grams of
water was used as the reducing agent (in lieu of
formaldehyde/methanol/water) .

Catalyst G2 (Invention) was prepared
essentially in accordance with the procedure for
Catalyst F3 (Example V) except that an aqueous solution
containing 0.03 mole of ascorbic acid (Vitamin C) and

~ 24.7 grams of water was used as the reducing agent (in

lieu of formaldehyde/methanol/water)
Catalxst G3 (Invention) was prepared



pél | adium silver and an inorganic. suppo'rt material with (b m#ﬂmﬂn&tmrsﬂtﬁ
reduction conposition conprising (i) at |east one reducing fagent ﬁbe ted
frromthe group consisting of hydrazine and al kali netal bor hyﬂétd 1997...

(ii) at least one non-reducing liquid conponent, at a tenperstare=of—ap—=t6=
about [err] for a tine period of at |east ome3decond, so as to produce a
wet - reduced solid conp05|t|on (2) substantlally separating said

wet - r educed solid @tﬂwlﬁ mmcﬁm Qﬂéﬂ‘(h.l_)thq @norgdune fox

reduction conposi t icatalyde a(n?ﬂ uhsteaesé thateRH ARtbowlisoTitised
solid conposition obt ai ned | n st 12 and’; at| n the dried,
vet - reduced sol i d CHRFAEIRS of & (ﬁ%ﬂrﬁf

at nosphere at a temgamaigiansiofaiter Qvars] dsed ad luma pﬁa’dﬁizﬁg ajerteatin
about 10 HIHUt%§ lieu of formaldehyde/methanol/water).

Catalyst G4 (Invention) was prepared
essentially in accordance with the procedure for
Catalyst F3 (Example V) except that an aqueous solution
containing 0.03 mole of dextrose and 24.6 grams of

10 water was used as the reducing agent (in lieu of
formaldehyde/methanol/water). '

Catalyst G5 (Invention) was prepared
essentially in accordance with the procedure for
Catalyst G4 except that 0.003 mole dextrose (in lieu of

15 0.03 mole dextrose) and 0.025 mole KOH was employed (in
lieu of 0.005 mole KOH).

Catalyst G6 (Invention) was prepared
essentially in accordance with the procedure for
Catalyst G5 except that 0.015 mole KOH was. employed (in

20 lieu of 0.025 mole KOH).

Catalyst G7 (Invention) was prepared
essentially in accordance with the procedure for
Catalyst F3 (Example V) except that a mixture of 0.38
grams of aluminum metal powder, 0.96 grams of KOH and

25 20 grams of water was used as the reducing agent (in
lieu of formaldehyde/methanol/water).

Catalysts G1-G7 were tested substantially in
accordance with the procedure used in Example V. Test

" results are summarized in Table VI.
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9. -, A nethod in accordance with claim8, wherein said inGEPAACEMENT SHEET
support material is selected fromthe group consisting of alufina, titania
zivconia and m xtures thereof; said non-reducing |iquid conmpap&ats i.d.0.APR.1997...

sel ected fromthe group consisting of water, methanol and m xXterFes=thereor:
said tenperature in step (1) is about [errB2 and said tine period in step
(1) is about 10 seconds to about 10 hours. 10. A nethod in accordance
with claim9, wherein said tenperature in step (1) is about [err] said tine
period in ste 1) is about 0.02-2 hours, and the pressure during said

contacting isffa ery a L. 11 ccordance
with claim9, hi d 1 no ' Ippor t I s al pha- l um na, and
said solid c ity &h contains about §.01-0.2 |weight-9% palladi fim and about
0.02-2 wei ght} % ilgq:. [GLJ] . -
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[err] 40 12.
| east one reduci ng agent

with claim1l, wherein said at
t he group consisting of sodi um borohydride and potassi um borohydri de.
A nmethod in accordance with claim@8, wherein the wei ght percentage of said
| east one reduci ng agent

at
0. 5-50 wei ght-%

Table VI

i n sai

ppm Ethane
Formed at Ty,
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uid reduction co

A net hod { :
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razi ne
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A method in accordance with claim1l, whel gigpiSaietieNT sHE
In said reduction conposition is hy '
A -nmethod in accordance with claim 12, wherein said reduction
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16.~, A nmethod in accordance with clai m 8, wherein said |l ighp AcEMENT SHEE’T :

reduction conposition conprises hydrazine and additionally a east one

al-kali metal conpound selected fromthe group of halides, hyfrgxide J]APR‘WQ?
i A thad—i-n

carbonat es, bicarbonates, nitrates and carboxyl ates. 17.  |L_A peibhod ra-——

accordance with claim8, wherein said heatimg3#n-step (4) is carried out in
air at a tenperature of about [err] for a tinme period of about 0.2-20

hours. 18. A prepar at i én apERRRLagR @f dhesitass datatiim Tapls he

st Ielos of : OI( 1) cont Qi EHoMe qtnsq*atui-ep@lmqgaitﬁm;)'%alu 't‘li_é&&diaﬂ I:teaiiu&mng
silver and an inorgani c suppQr eri Wi a liquid redugtion
conposi tion conpri $STE %q&ﬁgﬁ-%ﬁg‘iﬁg S JEHe selﬂs&ﬂtét?if]ﬁbrﬁﬁ he
group consi sting oleffledtiiyee as Gumialdehylie] dar the Fresenos obiputdegium
ketones-contaiginghyagdggkegn atons per nol ecul e, carboxylic acids

Example VII
This example illustrates that the wet-

reduction of supported Pd/Ag catalysts containing
inorganic supports other than alumina (namely titania

10 and zirconia) was also quite effective in increasing

| T,-T4 values in the selective hydrogenation of
acetylene, in accordance with this. invention.

Catalyst H1 (Control) was a Pd/Ag/TiO,
catalyst which was prepared by impregnating 1/8 inch,

15 sulfur-free titania pellets with an aqueous

' palladium(II) nitrate solution (so as to provide a
level of about 0.02 weight-% Pd on the TiO, pellets),
drying the P4/TiO, particles, calcining them for 8
hours at 400°C. in air, impregnating the calcined

20 Pd/TiO, particle with an aqueous silver nitrate
solution (so as to provide a level of about 0.1 weight-
% Ag in the cétalyst), drying the Pd/Ag/TiO, catalyst
particles, and then calcining them for 8 hours at
400°c. in air.

25 Catalyst H2 (Invention) was prepared by
soaking Catalyst H1l with a mixture of 26.0 grams of the
commercial formaldehyde/methanol/water solution
described in Example IV (see preparation of Catalyst
E3) and 0.41 grams of 88 weight-% KOH pellets, followed

30 by draining excess solution, drying (at 125°C., for 5
hours) and célcining in air for 2 hours at 400°C.

Both catalysts were tested substantially in
accordance with the procedure described in Example I,
except that a hydrocarbon-containing feed similar to

35 the one described in Example II was used. Test results

are summarized in Table VII.



contai ning 1-6 carbon atoms per nolecule, alumnumnetal and gkpcacBhddT sHEET
and (ii) at |east one non-reducing |iquid conponent, and (iii§ at | east one
di-ssol ved al kali metal conpound sel ected fromthe group con i§&g@glﬁﬁAﬁg;@$Zm
al kali netal hydroxides and alkali nmetal fluorides, at a te :
to about [err] for a time period of at | eas$6 about 1 second, so as to

produce a wet-reduced solid conmposition; (2) substantially separating said
wet - reduced solid conposition produced in step (1) fromsaid liquid

reduction conposition; and (3) drying the substantially separated, wet-
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[ers] 4 1 reduced solid conposition obtained in step (2). 14. REPLAcEw N 1

nmethod in accordance with claim18, wherein said inorganic gupport
IS selected fromthe group consisting of alumina, titania, giggenii gﬁﬂ
m xtures thereof; said at |east one reducing agent is selec 2 E@Z"..

group consisting of formal dehyde, formnic acrd36ascorbic acid and al um num
metal ; said at |east one non-reducing liquid conponent is selected fromthe
group consisting of water, nEem&néatandnnTabdec¥IInhelearlysshowathatawetone

di ssol ved al kal i nﬁ&ahcs.@saoa@dp&?p.g?lr%g,eﬂaar ashbhe;anyptaanahﬁte' ng of
pot assi um hydr oxi dg, stum_fl uori rubi di_um bi.di_ um
f1uori de, ceS|un1h?ﬂ?ggFﬂiaénﬁfgégFﬁnﬁFlUBFlHgdu§5F ?pgsépﬁyélzg3about
[err], and said tideperibddi inapeetvridlssexamgiesd about 10 hours.

5 : Additional preliminary tests (not described
in detail herein) indicate that the use of a Pd/Ag/ZroO,
catalyst (which had not been wet-reduced in the
selective hydrogenation of acetylene) was almost as
effective (in terms of T,-T; values) as Pd/Ag/Al,0,

10 catalysts (also not wet-reduced). . Based on these
preliminary test results, it is concluded that the wet-
reduction of Pd/Ag/Zr0O, catalysts, with or without the
presence of alkali metal compounds, in accordance with
this invention will produce catalysts exhibiting

15 enhanced T,-Tq values and higher selectivities to
ethylene (as compared with the untreated catalysts).

Example VIII
_ This example illustrates a method of
~ preparing an effective acetylehe hydrogenation catalyst -

20 by wet-reduction and subsequent promotion with
potassium fluoride.

Catalyst I (Invention) waé prepared by
soaking 23.3 grams of Catalyst Bl ("G-83C", described
in Example I) in 30 cc of a 37 weight-% formaldehyde

25 solution (described in Example III for Catalyst D2),
adding about 0.5 gram solid KOH to the
catalyst/solution mixture, stirring this mixture for 30

. minutes at room temperature, adding again about 0.5
gram of solid KOH, and stirring the obtained mixture

30 again for about 30 minutes at room temperature.

_Thereafter,'excess liquid was drained, and the soaked,
wet-reduced mixture was washed twice with fresh |
methanol and then twice with distilled water (so as to
remove éubstantially all KOE which had been

35 incorporated into the catalyst). The washed, ﬁet—
reduced catalyst was dried overnight at 180°F., and
then soaked with a solution of 0.355 gram anhydrous



20>, A nethod in accordance mnth claim 19, wherein sai hgppﬁcgwgﬁegﬁgg?j}
about [err], said time period is about 0.02-2 hours, and th pres

daring said contacting is approximately atnospherlc 21. Da@_niihABR;ﬁQZm |
accordance with claim19, wherein said inorganic support mat $

al pha-al um na, and said solid conposition.conddins about 0.01-0.2 melght

pal | adi um and about 0.02-2 weight-%silver. 22. A nethod in

accordance with cleekresiupnEluppidei dnav . F8agramacofcwatery agbet KFs

f or mal dehyde, and ﬁlegﬁateasaaeatyahkahb geial EGEBR!L'QHU atsepoeredahgom
the group con5|st|n% oiﬂg8t§55|ig$ dr oxi de and g gﬁglUﬁ]fluorlde 23.

"A nethod in accor dS#t® eF aft n? 2BOURALB| ALTARH '€ast one reducing
agent is selected fromthe grhepthassobtabgedf caeawetacwﬂlahdcaaeaﬁ.hea

acid, and sai dyat Lgagt PGeEbhielh #°(ab §2UBRLAY) ! Swis' ESbEda’ EQY LUS

" acetylene hydrogenation activity substantially in
accordance with the procedure described in Example I.
Result: T, was 154°F., T, was 245°F., and T,-T,
was 91°F.

10 ' Thereafter, the catalyst was exposed to the
feed at "runaway" conditions, i.e., at a temperature in
excess of 245°F., for about 22 minutes, so as to
simulate possible damage to the catalyst by a "runaway"
reaction in a plant operation. Then the catalyst was

15 tested again (after lowering the temperature of the
reactor while H, gas passed through). Result: T, was
161°F., T, was 259°F., and T,-T, was 98°F. This result
clearly indicates that no adverse effect on the KF-
promoted, wet-reduced ?d/Ag/A1203 catalyst had occurred

20 by this exposure to "runaway" conditiomns.

Reasonable variations, modifications and
adaptations for various usages and conditions can be
made within the scope of the disclosure and the
appended élaims, without departing from the scope of

25 this invention.
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‘corisi sting of potassium hydroxi de and potassium fluoride. 2 . REPLAGEIRENT SHEET
net hod in accordance with claim 21, wherein said at |east one_redudi(ngPR 19
agent is alum num nmetal powder, and said at |east one alkali egnpound:
is selected fromthe group consisting ofggpot assi um hydroxi de and potassi um
fluoride. 25. A nmethod in acccwg@g5§%iiﬁﬁsclain118, wherein the

wei ght percentage of said at | egst one _reducing agent, in said [err

[err] 42 liguaid reducty SF PRSI Setheod,phich dpngd s g?ﬂs-%t%ily of A
net hod i n ather gzepe wift:h cl aim 18, wherein said

(1) contacting (a) a solid composition comprising
palladium, silver and an inorganic support material with (b)
a liquid reduction composition comprising (i) at least one
reducing agent selected from the group consisting of
hydrazine and alkali metal borohydrides and (ii) at least one
non-reducing liquid component, at a temperature of up.to
about 60°C. for a time period of at least about 1 second, so
as to produce a wet-reduced solid composition;

(2) substantially separating said wet-reduced
solid composition produced in step (1) from said liquid
reduction composition; and .

(3) drying the substantially separated, wet-
reduced solid composition obtained in step 2.

2. A method in aécordance with claim 1, wherein said
inoiganic support material is selected from the group
consisting of alumina, titania, zirconia and mixtures
thereof; said at least one non-reducing liquid component is
selected from the group comnsisting of water, methanol and
mixtures thereof; said temperature is about 10°-60°C.; and
said time period is about 10 seconds to about 10 hours.

3. A method in accordance with claim 2, wherein said
inorganic support material is alpha-alumina, and said solid
composition contains about 0.01-0.2 weight percent palladium
and about 0.02-2 weight percent silver. -

4. A method in accordance with claim 3, wherein said
at least one reducing agent is selected from the group
consisting of sodium borohydride and potassium borohydride.
5. A method in accordance with claim 3, wherein said
at least one reducing agent is hydrazine.

6. A method in accordance with claim 1, wherein the
weight percentage of said at least one reducing agent in said
liquid reduction composition is about 0.5-50 weight-%.

7. A méthod in accordance with claim 1, wherein said

CASE: 33260
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| T quid reduction conposition consists essentially of conpon rREé’LG\C)hMRNT$ HEET
and” (iii). 27. A preparation nethod which consists esgenti al l%A?JR ﬁ@
steps of: (1) contacting (a) a solid conposition conprising ﬂhﬁ&a&

silver and an inorganic support rraterl al3g/v| th (b) a i qU| d

conposi ti on1GauRk ?e@bc(ﬂx)orfﬂ‘tcé % 4 on at o fetfHdgfromt he

“group conS|st|n% of al dehydes contalnln

nol ecul e,
ket ones conBdR ﬁ@nf'lé-Ycérbodf‘Paeﬁ'b@ﬁ)é?l agtal c%ﬂw‘f@%kﬁ‘é&ed £rom
contai ning the gaidup) ciin¥iks Hitig raﬁhafa;ﬂeas gﬁfcﬁ:&fﬂﬁé& n:d@&ﬁhﬁ.@&:ﬁyde g
group, sugars _co ta| er.r o] to roup, alum num netal an
zinc netal, £("f’Ff‘ i @fgt "tﬂ%afﬁ%rf a}/"é{hﬁ#ﬁ’g" corrponent, and (iii) at
| east one stsoI ved alAk gixiepastadi oxn mphhotl s:dimh exbrigiahd lesgpmiially of
consi sting ‘Eizeaklﬁ%&:is ggt.al hydroxides and alkali nmetal fluorides, at a

(1) contacting (a) a solid composition comprising .
palladium, silver and an inorganic support material with (b)
a liquid reduction composition comprising (i) at least one
reducing agent selected from the group consisting of
hydrazine and alkali metal borohydrides and (ii) at least one
non-reducing liquid component, at a temperature of up to
about 60°C. for a time period of at least one second, so as
to produce a wet-reduced solid composition;

(2) substantially separating said wet-reduced
solid composition produced in step (1) from said liquid

- reduction composition;
. (3) drying the substantially separated, wet-
reduced solid composition obtained in step (2); and

(4) heating the dried, wet-reduced solid
composition obtained in step (3) in an oxidizing gas
atmosphere at a temperature of about 300°-700°C. for a time
period of at least about 10 minutes. ' _

9. A method in accordance with claim 8, wherein said
inorganic support material is selected from the group
consisting of alumina, titania, zirconia and mixtures

thereof; éaid non-reducing liquid component is selected from
the group consisting of water, methanol and mixtures thereof;
said temperature in step (1) is about 10°-60°C.; and said time
period in step (1) is about 10 seconds to about 10 hours.

10. A method in accordance with claim 9, wherein said
temperature in step (1) is about 20°-50°C. said time period in
step (1) is about 0.02-2 hours, and the pressure during said
contacting is approximately atmospheric. '

11. A method in accordance with claim 9, wherein said
inorganic support material is alpha-alumina, and said solid
composition contains about 0.01-0.2 weight-% palladium and
about 0.02-2 weight-% silver.

/”
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tenperature of up to about [err] for a tinme period of at IeI REplec;%M
second, so as to produce a wet-reduced, solid conposition; (22,3e 10A PR

substantially separating the wet-reduced solid conposition ILQJUPPW"FH"EF"QT'

‘(1) fromsaid liquid reduction conpositqgen; (3) drying the substantially
separat ed, japt - reducg%é@héé fﬁnaeébiaaﬂceb&.@tﬂeénﬂmsnp tRbredndsail

heati ng the dried, wet-reduced solid 03| lbon Qbtained in ste 3).in an
OX|d|2|nggﬁﬁ;k&%ﬁ%pﬁ%?erﬁfuﬁinnﬁg?%Pu+% 8r ﬁbﬁﬁ “fE#P? FBPPSBPQﬁé péFlod
of at | easthyahdiidd. M nutes. A nethod in accordance with claim

27, wherein said i no;gamgaﬂap o;%cér%‘@%%els witﬁel:fglﬁd ErO%EQE rgggd

consi sting %t* al unin Sard-at eas{ one reducin
agent is seatedictiénocompesitbop funtheri qgmprises potassium hydrox:.de.

14. A method in accordance with claim 11, wherein
said at least one reducing agent is selected from the group
consisting of sodium borohydride and potassium borohydride.
15. A method in accordance with claim 8, wherein the
weight percentage of said at least one reducing agent in said
liquid_reduction composition is about 0.5-50 weight-%.

16. A method in accordance with claim 8, wherein said
1iquid'reduction composition comprises hydrazine and
additionally at least one alkali metal compound selected from
the group of halides, hydroxides, carbonates, bicarbonates,
nitrates and carboxylates.

17. A method in accordance with claim 8, wherein said
heating in step (4) is carried out in air at a temperature of
about 400°-600°C. for a time period of about 0.2-20 hours.
18. A preparation method which consists essentially of
the steps of: _

(1) contacting (a) a solid composition comprising
palladium, silver and an inorganic support material with (b)'
a liquid reduction composition comprising (i) at least one
reducing agent selected from the group consisting of
aldehydes containing 1-6 carbon atoms per molecule, ketones
containing 1-6 carbon atoms per molecule, carboxylic acids
containing 1-6 carbon atoms per molecule, aluminum metal and
zinc metal, and (ii) at least one non-reducing liquid
component, and (iii) at least one dissolved alkali metal
compound selected from the group consisting of alkali hetal
hydroxides and alkali metal fluorides, at a temperature of up
to about 60°C. for a time period of at least about 1 second,
so as to produce a wet-reduced solid composition;

(2) substantially separating said wet-reduced
solid composition produced in step (1) from said liquid
reduction composition; and

(3) drying the substantially separated, wet-

* c L M s *



f-or mal dehyde, formic acid, ascorbic acid, dextrose and al unj FRRLNEHENTSRIIEET |
at | east one non-reducing liquid conponent is selected fro the gq p
consisting of water, nmethanol and m xtures thereof; said at qﬁ@mﬁnﬁmz

2gssFLde 11111111 111111 1111111111111344 [err] REPLACENtNI thtI [err]
hyd?ox?dla r}Eet acsesiunﬁf%ggg%éég%%&gl umﬁﬂé%g;]lgsgtgﬁb? ?Ecn)1t ?isﬁi)lrjlmde
cesi um hydrlﬁ« de and Aenethed| mrﬁwréﬁﬁﬁet‘éﬁb’ér‘ﬂ-%}’é 18- svkprein paidhout
[err] andfﬁﬂé&é&ﬂ@% support material is selected from the group
consisting of alumina, titania, zirconia and mixtures
thereof; said at least one reducing agent is selected from
the group consisting of formaldehyde, formic acid, ascorbic
acid and aluminum metal; said at least one non-reducing
liquid component is selected from the group consisting of
water, methanol and mixtures thereof; said at least one-
dissolved alkali metal compound is selected from the group
consisting of potassium hydroxide, potassium fluoride,
rubidium hydroxide, rubidium fluoride, cesium hydroxide and
cesium fluoride; said temperature is about 10°-60°C., and said
time period is about 10 seconds to about 10 hours.
20. A method in accordance with claim 19, wherein said
temperature is about 20°-50°C., said time period is about
0.02-2 hours, and the pressure during said contacting is
approximately atmospheric.
21. A method in accordance with claim 19, wherein said
inorganic support material is alpha-alumina, and said solid
composition contains about 0.01-0.2 weight-% palladium and
about 0.02-2 weight-% silver. :
22. A method in accordance with claim 21, wherein said
at least one reducing agent is formaldehyde, and said at
least one alkali metal compound is selected from the group
consisting of potassium hydroxide and potassium fluoride.
23. A method in accordance with claim 21, wherein said
at least one reducing agent is selected from the group
consisting of formic acid and ascorbic acid, and said at
least one alkali metal compound is selected from the group
consisting of potassium hydroxide and potassium fluoride.
24. A method in accordance with claim 21, wherein said
at least one reducing agent is aluminum metal powder, and
said at least one alkali metal compound is selected from the
group consisting of potassium hydroxide and potassium
fluoride. '
25. A method in accordance with claim 18, wherein the

weight percentage of said at least one reducing agent in said

I ————
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perLog in step (1) is about 10 seconds to about 10 hours. 29|| REPLACEMENT SHEET
metrhod i n accordance with claim28, wherein said tenperatureljin st '
about [err] said tinme period in step (1) is about O. 02 2 houk @at%lhﬁﬁt@;-fgﬁz ----- _

préssure during said contacting is abou atnnspherlc A-metiod TN

accordance W th, ¢l aim 2 Ld _I'mQr u t gl is

al pha- alun1ﬂ% ﬁﬁdr§§¥8§%8P|§°g885§§| Po%gcgﬁpggng §E§gtwggé%k %2 wei ght - %
pal | adi um a2€l. about 0A0@ezhmdlgntaupgrﬂeaﬁe gith claimplfet wheredn said
accordance y§t:§! 2bAL301clebabBsiRiEnakboh8astsOREseAC GG BgENt S

f or mal dehyde, &Qﬁﬁ Hg .l ea??boﬁe alna$° netaf coﬁgougg |g ?glected from
t he group ceﬂgpgﬁﬁﬁﬁsoﬁlboté%&?uﬂPﬁdeG} de and potassium fluoride. 32.

A net hod i nzpgcordancg pirepagheion3fethbar whichacdnaisksasssentiaddyciofy
agent is selecteg fronkthe group consisting of formc acid and ascorbic
acid, and s&@

(1) contacting (a) a solid composition comprising

palladium, silver and an inorganic support material with (b)
a liquid reduction composition comprising (i) at least one
reducing agent selected fraﬁ the group consisting of
aldehydes containing 1-6 carbon atoms per molecule, ketones
containing 1-6 carbon atoms per molecule, carboxylic acids
containing 1-6 carbon_atomé per molecule, sugars containing
an aldehyde group, sugars containing an o-hydroxyketone
group, aluminum metal and zinc metal, (ii) at least one non-
reducing liquid component, and (iii) at least one dissolved
alkali metal compouhd selected from the group consisting of
alkali metal hydroxides and alkali metal fluorides, at a
temperature of up to about- 60°C. for a time period of at
least about 1 second, so as to produce a wet-reduced, solid
composition; _
(2) substantially separating the wet-reduced solid
composition produced in step (1) from said liquid reduction
composition; ' |

(3) drying the substantially separated, wet-
reduced solid composition obtained in step (2); and

(4) heating the dried, wet-reduced solid
composition obtained in step (3) in an oxidizing gas
atmosphere at a temperature of about 300°-700°C. for a time
period of at least about 10 minutes.
28. A method in accordance with claim 27, wherein said
inorganic support material is selected from the group
consisting of alumina, titania and zirconia; said at least
one reducing agent is selected from the group consisting of
formaldehyde, formic acid, ascorbic acid, dextrose and
aluminum metal; said at least one.non-reducing liquid
component is selected from the group consisting of water,
methanol and mixtures thereof; said at least one dissolved

* c L M b *



| east one al kali netal conpound is selected fromthe group :MWE#@EM)T'SHEET

pot assi um hydr oxi de and potassium fluoride. 33. A net hod |n1 PR‘E
accordance with claim30, wherein said at |east one reducing %@%nt péA 9.
dext rose, and said at |east one alkali taI conpound is se eueu Fromrthe

group cons! g OmAARYY WRIBA A Vé}%&%&%@ "WBAS 1AL o f A

met hod i n accordance with claim 3 erein s east one reduc

agent is al PAAARLER Hydraide. mwmtﬂwim mﬂeﬁiuméamr% wnd
i s sel ect ed guba@ihiae ﬂhf&ﬁcfé)ﬁsdééuﬂﬂ A RatRES | 48 Tyek ok deL e 0 agsiam

fluoride. net ho cor dance w aim 27 mher n.the
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temperature in step (1) is about 20°-50°C., said time period

in step (1) is about 0.02-2 hours, and the pressure during
said contacting is about atmospheric.

30. A method in accordance with claim 28, wherein said
inorganic support material is alpha-alumina, and said solid
composition contains about 0.01-0.2 weight-% palladium and
about 0.02-2 weight-% silver. _ .

31. A method in accordance with claim 30, wherein said
at least one reducing agent is formaldehyde, and said at
least one alkali metal compound is selected from the group
consisting of potassium hydroxide and potassium fluoride.
32. A method in accordance with claim 30, wherein said
at least one reducing agent is selected from the group
consisting of formic acid and ascorbic acid, and said at
least one alkali metal compound is selected from the group
consisting of potassium hydroxide and potassium £luoride.
33. A method in accordance with claim 30, wherein said
at least one reducing agent is dextrose, and said at ;east'
one alkali metal compound is selected from the group
consisting of potassium hydroxide and potassium fluoride.
34, A method in accordance with claim 30, wherein said
at least one reducing agent is aluminum metal powder, and
said at lest one alkali metal compound is selected from the
group consisting of potassium hydroxide and potassium
fluoride. '

35. A method in accordance with claim 27, wherein the
weight percentage of said at least one reduclng agent in said
liquid reduction composition is about 0.5-50 weight-%.

36. A method in accordance with claim 27, wherein said
liquid reduction composition consists essentially of
components (i), (ii) and (iii).

37. A method in accordance with claim 27, wherein step

A



© conponents (i), (ii) and (iii). 37. A nethod in accor
277 wherein step [err] [err] 44 (4) is carried out in ai
tenperature of about [err] for a tine period of about 0.2-2 Eh """ 1 B
A npethod in accordance with claim 2, vvm_:ilel n said tenperature is a'ou
Lerr] . 52l didy "B RELOed Sodb ol 9#?2 OPbipefRtulBCop" 88SHEC4HYELNY Said
contacti ng s %pprox I mat el y at nmos

for a t;me per;od of about 0.2-20 hours.

38. A methsd in accordance with claim 2, wherein said
temperature is about 20°-50°C., said time period is about
0.02-2 hours, and the pressure during said contacting is
approximately atmospheric.
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ABSTRACT

. SELECTIVE ACETYLENE HYDROGENATION

' A cataiyst composition comprising palladium, silver
and a support material (preferbly alumina) is contacted at a

relatiﬁely low temperature (of up to about 60°C.) with a
ligquid composition comprising an effective reducing agent
(preferably an alkali metal borohydride, hydrazine,

formaldehyde, formic acid, ascorbic acid, dextrose, aluminum
powder). Preferably, at least .one alkali metal compound
(more preferably KOH, RbOH, CsOH, KF) is also present in the
An improved process for selectively

liquid composition.
hydrogenéting acetylene (to ethylene) employs this wet-

reduced catalyst composition.



