Cat al yst ‘Conposi tion Useful | For Hydrogenation OF Di enes RrmP Cer{j
| n* one aspect, this invention relates to a supported nobl e netal
catal yst conposition. |In another aspect, this invention relates to a

sel ective diolefin (di ene) hydrogenation process enploying a supported .

5 noble netal catalyst conposition. In stitlla-further aspect, this

I nvention relates to a process for the sel ecti ve hydrogenation of

1, 3- but adi ene to butenes enpl oyi ng a supported noble metal catalyst
conposi tion. Catal ysts conprising palladium silver and a 10
support material are known di ene hydrogenati on catal ysts. For

instance, U S. Pgheffyst é’éﬁﬁ)oéfﬂﬂon Usefdl B FoPSirirbfénatson @F Pienes
Pd/ Ag/ Al[err]Jerr] catalyst or the sgﬁgktgeg hydr ogenati on of

but adi ene to butenes. Even- though supported Pd/Ag catal ysts are
effective 15 hydr ogenati on catal ysts, there is an ever present need
for further inprovenents (e.g., for enhanced selectivity to
nonool ef i ns and/ or i ncreased catal yst

. In one aspect, this invention relates to a
- " supported noble metal catalyst composition. In another
¢ aspect, this invention relates to a selective diolefin
(diene) hydrogenation process employing a supported
5 noble metal catalyét composition. In still a further
aspect, this invention relates to a process for the
selective hydrogenation of 1,3-butadiene to butenes
employing a supported noble metal catalyst composition.

_ Catalysts comprising palladium, silver and a

10 support material are known diene hydrogenation |
catalysts. For instance, U.S. Patent 4,409,410
discloses the use of a Pd/Ag/Al,0,5 catalyst for the
selective hydrogenation of butadiene to butenes. Even
though supported Pd/Ag catalysts are effective '

15 hydrogenation catalysts, there is an ever present need
for further improvements (e.g., for enhanced
selectivity to monoolefins and/or increased catalyst
life). The present invention is directed to an
improved, modified catalyst compositions and its use in

20 processes for the selective hydrogenation of diolefins
to monoolefins, preferably of 1,3-butadiene to butenes.
The present invention provides an improved
palladium/silver-containing catalyst composition which
may be used in the selective hydrogenation of diolefins

25 to monoolefins, such as in the selective hydrogenation
of 1,3-butadiene to butenes. '

In accordance with this invention, a catalyst
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I i-‘f-'e). The present invention is directed to an | mproved, nodified
cat al yst conpositions and its use in 200 processes for the selective

hydr ogenati on of diol efins to nonool efins, preferably of 1, 3- but adi ene
taq butenes. The present.-invention provi des an i nproved
paI | adi uni si | ver - cont ai ni ng catal yst conposi 2i en whi ch may be used in

the sel ective hydrogenation of diolefins 25 to nonool efins, such as in
t he sel ective hyct:cnmm'ttinn is ptﬂvﬂdéﬂ bwhieh ecampmi dae cte)s.at least
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p g d po assium fluoride.

¢ ' ' Also in accordance with this invention, an

improved process for selectively hydrogenating C4-C1°
diolefins with hydrogen gas to the corresponding C4-C;
monoolefins is carried out with the catalyst

15 composition of this invention. In a preferred
embodiment, 1,3-butadiene (more preferably present in
small amounts in butene-containing gas streams) is
selectively hydrogenated with hydrogen gas to at least
one butene in the presence of the catalyst composition

20 of this invention. | |

The inventive composition comprises

(preferably consists essentially of) (a) palladium
metal and/or at least one palladium compound ’
(preferably palladium oxide), (b) silver metal and/or

25 at least one silver compound (preferably silver oxide),
(c) at least one alkali metal fluoride (preferably
potassium fluoride), and (d) an inorganic support
material selected from the group consisting of alumina,
silica, titania, zirconié, éluminosilicates, zinc

30 aluminate, zinc titanate, and mixtures of two or more
than two of these compounds, preferably alumina, more
preferably alpha-alumina. Generally, the catalyst'
composition comprises 0.01-2 (freferably about 0.05-

_ 0.6) weight-% Pd, about 0.02-10 (preferably about 0.1-

35 5) weight-% Ag, and about 0.05-10 weight-% (preferably
about 0.2-5) weight-% alkali metal (preferably K). By
use of the term "consists essentially of", it is



monool efins is carried out with the catalyst 15 conposition of this

I nvention. In a preferred enbodi ment, 1, 3-butadiene (nore preferably
present in smal | anmounts in butene- contalnlng gas streams) is

sel ectively hydrogenated with hydrogen gas to at |east one butene in

the presence of the catal yst conposition 20 3 of this invention.

The i nventive conposition conprises (preferably consists essentially

of) (a) pall adi uintended thiatarthe catalysts conpogitionddoes: aatodmtlude

(preferably pall ‘ﬁﬁﬁ'
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support natQ@dﬂtéaﬂggaéyjaﬂyynﬁéﬁhgroup consi sting of alum na,

silica, titania, zirconia, umn |I|cate i nc 30 alumnate C.
Ctitanate, an@ mxtures of t S‘t’ﬁ’éﬁ ?@ch’rﬁtﬁﬂ‘ﬁ}?
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materiakly affecipadritddifs Icdh have any suitable surface area (measured

by the BET method by Bruhauer, Emmett and Teller
employing Nz), and generally have a surface area of
about 1-200 (preferably about 10-100) m?/g.
15 The catalyst particles can be prepared by any
.suitable means. The promoter components (a), (b) and
(¢) can be deposited onto and/or incorporated into the
inorganic support material by any suitable means and in .
any suitable order. For instance, the alkali metal
20 fluoride can be incorporated into the support material,
followed by impregnation of the fluoride-containing
support material with Pd and Ag compounds (such as
H,PdCl, and AgNO3), sequentially in any order or
simultaneously, followed by drying and calcining of the
25 thus-impregnated composition. Or a supported
palladium catalyst composition (preferably a Pd/A1203
composition which is commercially available, e.g., from
Mallinckrodt Specialty Chemicals Company, Erie, PA) can
. be impregnated with a silver compound and an alkali
30 metal fluoride, either sequentially in any order or
simultaneously, followed by drying and calcining of the
- thus-impregnated composition. Mainly for economic |
reasons, it is presently not preferred to prepare the
catalyst composition by a method which includes an
35 additional low-temperature wet-reduction step (i.e.,
_ treatment with a reducing agent dissolved or dispersed
in ajliquid medium, at a temperature of up to about



prbperties imparted to the catal yst by the conponents recited after
this term 5 The catal yst-particles can have any suitable
shape (spherical, cylindrical, trilobal and the like), and are
preferably elther spheres or cyllndrlcal ' extrudates. The catal yst
partlcles can have any . suitable particl g size, and generally have a
size of 10 about 1-10 nmm (preferably about 2-6 nm). The catal yst
particles can hawd%ty) suiPrdferably Acthe restsysts campositidy dhechid

nave a surface anfveren Hipdpala py JAEBEAAL BT BREE. )
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silver conmpound a an al kal i netal fluoride,, eithe equentlally I n
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nmet hod whi ch mcl%%éfa%&%&gp%eﬁl Ghar ‘faoi\:/‘\}-‘ ?répeéra re vve '%c}"é¥| on step
(i.e., 15 catpmeniously doemhmmqgemtmmwmdncmsmm (suchin
a Iqu| d medium & &46IPRd ! tfmPiadiyd®, dBGHhic acid, ascorbic acid,

- dextrose, hydrazine, alkali metal borohydride and the

like), at a low temperature of up to about 60°C.
(preferably about 10-50°C.), as has been described in
20 Examplé I. Broadly, the base catalyst can contain
about 0.01-2 (preferably aboﬁt_0.0S-O.G) weight-% Pd,
about 0.02%10 (preferably about 0.1-5) weight-% Ag and
a suitable solid inorganic support material, preferably
alumina (more preferably alpha-alumina). Preferably,
25 the Ag:Pd weight ratio in the catalyst is about 1:1 to
about 20:1, more preferably about 2:1 to about 10:1.
The supported Pd/Ag base catalyst particles can have
any suitable shape, and preferably are spherical
pellets or cylindrical extrudates. The size of these
30 supported Pd/Ag base catalyst particles generally is
about 1-10 mm, preferably about 2-6 mm, and its surface
generally is about 1-200 m /g. _
In the preferred method of preparing the
catalyst composition of thislinvéhtion, a Pd/Ag-
35 containing base catalyst (described above) is contacted
with a solution (preferably aqueous) of at least one
alkali metal fluoride (preferably KF) at such



-4- 60[err]C. ). Preferably, the catal yst conmposition of this

I nvention is prepared by incorporating-alkali netal . fluoride into a
supported: Pd/ Ag- cont ai ni ng base catal yst, as-described below. 5

- The preferred starting material (also referred to as "base catal yst")
which is to be inproved . in accordance-wbth this invention by

I ncor poration of al kali metal fluoride therein, can be any supported
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can have 0.2:1 to about 2:1, preferably about 0.4:1 to about 1:1
(depending on the fluoride concentration of the
impregnating solution and the desired alkali metal

15 fluoride level in the catalyst composition of this
invention). Thereafter, the catalyst composition is
substantially dried (préferably at about 50-150°C. for
about 0.5-20 hours) and calcined (preferably in an
oxidizing gas atmosphere, more preferably air) at a

20 temperature of about 300-600°C. (preferably about 300-
500°C.) for about 0.2-20 hours (preferably about 1-8
hours).

 The catalyst comptsition of this invention is
preférably employed in the selective hyd:ogenation of

25 diolefins contaihing 4-10 carbon atoms per molecule to
the corresponding monoolefins contﬁining_4-10 carbon
atoms per molecule, particularly of 1,3-butadiene to
primarily butenes (butene-1, butene-2). The calcined
‘catalyst composition of this invention can be employed

30 directly in this selective hydrogenation process.
However, it is preferred to first treat the catalyst
with a reducing gas such as hydrogen, because the
optimum operatidn of the selective hydrogenation does
not beg;n until there has been a substantial reduction

35 of the catalytic metals. Typically, the reduction is
carried out at a temperature in the range of about.
10°C. to about 100°C. for at least 10 minutes



any suitable shape, and preferably are spheri cal pellets or
cylindrical extrudates. The size of thése 30 supported Pd/ Ag base
catal yst particles generally. is about 1-10 mm preferably about 2-6
mm and its surface general ly is about 1-200 n2/g. In
the preferred method of preparing the - 6atal yst conposition of this
I nvention, a Pd/Ag- 35 cont ai ni ng base catal yst (described above) is
cont act ed vinzefexably iaboyutprlefld dvurslqueous) of at |east one
al kali metal fluoride (pr
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concentrati-on of th |npregnat|ng sol ut | e desired al kal i
metat 15 JﬂuoﬁYd'elq%d#%q:hén%H qmmitw:of this
z cycloheptadienes, methylcyclohexadienes,

dlmethylcyclopentadlenes, ethylcyclopentadienes,
octadienes, methylheptadienes, dimethylhexadienes,
ethylhexadienes, trimethylpentadienes,

15 methyloctadienes, dimethylheptadienes,
ethylheptadienes, trimethylheptadienes, and mixtures of
one or two of these diolefins. Presently preferred are
diolefins containing 4-6 carbon atoms per molecule.

The diolefin-containing feed for the

20 hydrogenation process of this invention can also
contain other hydrocarbons, in particular, monoolefins.
Non-limiting examplés of such monoolefins which can be
present in the feed at a level of at least 30 volume-%
include ethylene, propylene, l-butene, 2-butene,

25 isobutylene, l-pentene, 2-pentene, methyl-l-butenes
(such as 2-methyl-l-butene), methyl-2-butenes (such as
2-methyl-2-butene), l-hexene, 2-hexene, 3-hexene,
méthyl-l-pgnténes, 2,3-dimethyl-1-butene, l-heptene, 2-
heptene, 3-heptene, methyl-l-hexenes, methyl-2-hexenes,

30 methyl-3-hexenes, dimethylpentenes,-éthylpentenes{
octenés, methylheptenes, dimethylhexenes, ethylhexenes,
nonenes, methyloctenes,.dimethylﬁeptenes{
ethylheptenes, trimethylhexenes, cyclopentene,
cyclohaxene,-hethylcyclopentenes, cycloheptene,

35 methylcyclohexenes, dimethylcyclopehtenes,
ethylcyclopentenes, cyclooctenes, methylcycloheptenes,
dimethylcyclohexenes, ethylcyclohexenes,



I nvention). Thereafter, the catal yst conposition is substantial ly
dried (preferably at about 50-150[err] C. for ~about 0.5-20 hours) and
calcined (preferably in an oxi di zing gas atnosphere, nore preferably
air) at a 20 tenperature of about 300-600[err]C. (preferably about 300-
500[err]C.) for about 0.2-20 hours (preferaldy about 1-8 hours) .

The catal yst conposition of this invention is preferably enployed in
the sel ective hytrimethyileycibhgkenesi omethylcycdbactengs4- 10 carbon atons
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atons per nol ecu I ene primarily butenes
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process. However i's preferred to first treat the catal yst
with a reducPng gﬁ%ﬁtﬂshmro% use the opt i mum oper ati on of

the selective hydrogenatlorrhdpeauid feaat_(mgjch watyi bet ldgaidasrbeen a

subst anti al reductlon 35 atal yti.c Piga t he
reduction is "’08:31 ?’Y AR é:c%ﬁﬁt 3L%angekh¥' about
10C. to about 10@(Eochus)atgdmsrllir0ammas about 0.01-70 mole-% of at
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exanpl esS of SUIta diro talni - carbon atons per
mol ecul e whildh cmelise% of atydreggdnaned Giplefiny: o Senerallyy é'-lﬁen\fjﬁr'"idon
i ncl ude; feed comprises at least one diolefin and additionally

at least one monoolefin, preferably about 30-99.9 mole-
% of at least one monoolefin. However, it is within
the scope of this invention to employ feeds which

15 contain more than about 70 mole-% of at least one -
diolefin, or evén_to_employ feeds which consist
essentially of at least one dioléfin. Also, the feed
can contain small amounts (generally less than about
0.01 mole-%) of sulfur compounds (such as H,S,

20 mercaptans, organic sulfides) and/or carbon monoxide
(also generally less than about 0.01 mole-%) as
impurities.:

The selective hydrogenation process of'this
invention is generally carried out by contacting a feed

25 stream containing at least one diolefin and molecular
hydrogen with the catalyst (generally contained in a
fixed bed). Generally, about 1-10 moles of hydrogen
are employed for each mole of diolefin. The
temperature necessary for the selective hydrogenation

30 process of this invention depends largely upon the
activity of the catalyst and the desired extent of
dioléfin hydrogenation. Generally, temperatures in the
range of about 35°C. to about 200°C. are used. A
suitable reaction pressure generally is in the range'of

35 about 20 to 2,000 pounds per squgre.inch gauge (psig).
The liquid hourly space velocity (LHSV) of the
hydrocarbon feed can vary over a wide range.



5 1, 2- but adi ene, 1, 3-but adi ene, isoprene, 1, 2-pentadi ene,

1, 3-pent adi ene, 1, 2-hexadi ene, 1, 3-hexadiene, 1, 4- hexadi.en ,

1, 5- hexadi ene, 2-nmethyl -1, 2-pentadiene, 2,3-di methyl -1, 3-butadiene,
hept adi enes, oct adi enes, nonadi enes, decadi enes, cycl opent adi ene, 10
cycl ohexadi ene, nethyl cycl opent adi enes, - 8cycl ohept adi enes,
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di net hyl cyclldﬁexe&mpleiﬂi,ng:ymmsqf about 50 weight-%) and 1,3-

| butadiene as a minor component (present at a level of
‘about 0.01 to about 10 weight-% butadiene).
Preferably, this hyd:ogenation proceés employs about 1-
2 moles H, per mole 1,3-butadiene. The reaction

20 ' temperature necessary for the selective hydrogenation
of 1,3-butadiene'depends largely upon the activity of
the catalyst and the desired extent of the 1,3-
butadiene hydrogenation, and gemerally is in the range

. of about 35°C. to about 100°C. Any suitable reaction

'25 pressure can be employed. Generally, the total
pressure is in the range of about 50 to 1,000 pounds
per square inch gauge (psig). The liquid hourly space
velocity (LHSV) of the hydrocarbon feed can also vary
over a wide range. Typically, the space velocity will

30 be in the range of about 3 to about 100 liters of
hydrocarbon feed per liter of catalyst per hour, more
preferably about 20 to about 80 liter/liter/hour. The
hydrogenation process éonditions should be such as to
avoid significant hydrogenation of butenes to butane.

35 Regeneration of the catalyst composition of
this invention (after it has been employed in a
diolefin hydrogenation process) can be accomplished by



-7- tri met hyl cycl ohexenes, nethyl cycl ooct enes,

di ret hyl cycl ooct enes, et hyl cycl ooctenes, and m xtures of two or nore
than two of these nonool efins.’ Presently preferred are nonool efins
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-% east one I 0 | or even to g ' I st
essential ly Gf af’iﬁ%’&stzoorl?@‘ﬁfisdl z:ﬁ %‘“"ﬂl ?%,fetaﬁlg Fgﬁs@‘;edeg:gﬁ agé:?tggeﬁogfr;isl
?rsrﬁgﬂts (aianerialsldjrggﬁis: niatcexhdet.g. , Qd].y&bniddeaﬂzfptah@ﬂ)fmr cbapounds

as err. I S, C ' %%En@ﬁ noxi d
(al so generally FgS%S ﬁe{%ﬁgﬁt&&%s&%ﬁ%t c%w fgse | %UI‘I tq'lire?% ronoxtEe
The sel ective hy@edgetive hydrogenatdon process ofnrhis davientdomeral |y
car ri ed out: by U1l &£ riuctiloi WD Hydizigi, g EbEcxibed

diolefin and nol écul ar hydrogen with the catal yst (generally cont ai ned
ina- f Aed B&PVe-Generally, about 1-10 noles of hydrogen are
enpl oyed for each nole of chh &followlliy examples are presented to

further illustrate this invention and should not be
construed as unduly limiting the scope of this
invention. '

15 . Example I

This example illustrates the preparation of

various pailadium—containing catalysts and their use in
the selective hydrogenation of 1,3-butadiene to
butenes. ' '

- 20 ' Catalxsf Al (Control) was a Pd/Ag/Al,04
catalyst, which had been provided by the Calsicat
Catalyst Division §f Mallinckrodt Specialty Chemicals
Company, Erie, PA. This catalyst had a BET/N, surface
area of 35 m?/g, a bulk density of 0.90 cc/g, and a

25 particle size of 8-14 mesh. It contained 0.28 weight-%
Pd and 1.85 weight-% Ag. _ '

’ Catalyst A2 (Control) was prepared in a R&D

laboratory of Phillips Petroleum Company, Bartlesville '
OK by the following procedure: 20.03 grams of a

30 Pd/Al,05 catalyst (1/16 inch sphetes containing about
0.3 weight-% Pd, marketed by Calsicat under the product
designatioﬁ of "E-143 SDU") were soaked for about 1
hour in 22 cc of an aqueous solution containing 1.03
gram of AgNO3;. Thereafter, excess solution was drained

35 off, the soaked catalyst was dried at 190°F. for
several hours, ahd-the dried catalyst was calcined in
air at 370°C. for 5 hours. This catalyst contained



tenperature necessary for the selective hydrogenation 30 process of this
i nvention depends |argely upon the ~-activity of the catalyst and the
desired extent of di ol efin hydrogenation. CGenerally, tenperatures in
t he range of about 35[err]C. to about 200[err]C. are used. A

sui tabl e reaction pressure generally is ir @0e-range of 35 about 20 to
2,000 pounds per square inch gauge (psig). The 1iquid hourly space
vel oci ty (LHSV) of.3Bhereight 1% ®da@amdb3n Of sredightr%/ &gy over a wi de range.

- 8- Typically, the s t fye th
range of about 3 to about %l%_?. (}’tnﬁ;e ro?gr)bgﬁswéep?%dg]bgr Iltere of
catal yst per houmocaking B0 ssaps of mma—aﬁm @(953:1 ed

liter/liter/hour gy ) GUINEATh O . 1060 aSli0 e uch
as to avoi d SI nlflcantfﬁ?O r'o natlon of rmn%ol eflns (forrredmd%

hydr ogenati o of i N2 t%"-‘%ﬂfr esERCEEP t he fe)éd)
to paraffins. liquid was drdidd® mﬁi emeechgsrﬂmemta datalyatacti ve

10 h
S0 cann contal ol ngLOR B e, e Afr ° 0 ALY anve oD
with the catal ystcdlgﬁmschlﬂqr 4.5 hpantsmiate 37107 G fﬁn(aizbed)'l‘hmm 19y,
t he hydrocarbon i?%%%% btg ! é‘ts 1Rk GFaRYERS 3P
O -

(conprising in excess 1, 3- but adi ene as a
i nor. conporidnt (qsr exfera @mlmdﬂ)ﬁOluti%(ﬂﬁn@i@f-%% 30 wei ght -

butadiege). weight-% of formaldehyde, about 17 weight-% of

methanol, and about 46 weight-% of water. About 0.5 g
solid KOH was added to this mixtﬁre of catalyst and
formaldehyde solution which was then stirred for 45

15 minutes. Thereafter, another aliquot of about 0.5 g
solid KOH was added to this mixture. After soaking. for
20 minutes, excess liquid was drained off, the catalyst
was washed twice with methanol and then twice with
distilled water (until the filtrate had a pH of about

20 7). This wet-reduced, catalyst, from which KOH had

' been removed by the above washing procedure, was dried
overnight at 180°F. The dfiad catalyst'waa then
 impregnated with a solution of 0.441 g KF in 14.15 g

HoO. A large portion of water was removed from the

25 mixture by heating at 180°F. (without prior draining of
excess liquid). The obtained KF-impregnated
Pd/Ag/Al,05 catalyst was then dried overnight at 132°C.
and calcined in air at 370°C. for 3 hours. Catalyst B
‘contained about 0.28 weight-% Pd, about 2.6 weight -% Ag

30 and about 1.3 weight-% K.

The above-described catalyst materials were
tested in the selective hydrogenation of 1,3-butadiene
by the following procedure. About 20 cc of each
catalyst was placed into a stainless steel reactor tube.

35 having an inner diameter of 0.5 inch and a length of
about 18 inches. _Thermocouples‘weré inserted into the
- top and bottom regions of the catalyst bed, which was '



- Pref erébly, thi s hydrogenati on process enpl oys about 1- 2 moles Herr]
per nole 1, 3-butadiene. The reaction 20 t enperature necessary for the

sel ective hydrogenation . of 1, 3-butadi ene depends | argely upon the
activity of the catal yst and the desired extent of the 1, 3-
but adi ene hydrogenation, and generally is-inithke range of about

.35[err]C. to about 100[err]C. Any suitable reaction 25 pressure can be
enpl oyed. Gener didated g tam adxternalprmsurca.i s Thie uydrwagbom‘ faledit 50

to 1,000 pounds i ¢ _hourly space -
velocity (LHSV) 3P& ﬂ-@-%}?@%ﬁ (q‘; can(ogﬂ s? \}ayﬁ l:|'<5\(§er a wde
range. Typicall ybtt&adisqme ahdumlwwleeﬁs cibehutmzr-amg@uﬁ 23dut 3
to about- 100 litegf AS .Qgg . 1| nlAle -&f Hutledeld!, Per

out tO

hour, nore pre erabr% out 80 iter/liter/hour. The
hydr ogenatl 0% pr adest Eorfimalars "d“’:ﬁa andh ahout; 0.1 welghtss Cg+

si gni ficant hydrwa@bdﬂs.butwm%fh Réas Cﬁd with the likegd@neration
-of the catal yst (!‘lorrpom ti.on I nvent g{zt@ t't has ?’%ﬁ'ﬁ

enpl oyed in a téﬁﬂdod’é’hth meadicds maley
-9- heat i ng ﬂi\ﬁ.a:aiﬂalgmsuu nAan oXifh zhaug;lg@a:-eqmafeedmmpe reagitor at a
t enper at ur e preferabl e rr

t enperature about™ 50 0&61%8-{& '{ﬁ%%% Sa?noQ.{t 500 }%%%epe]ﬁ%od I'n t aa)négg‘;aoa]?l
about, 10 m A es mlﬁrzedamama--ﬁomrﬂ d’}bm fofamy Qyépoy ted or

adsor be‘}' Or QY ma B hApH £ PertiHeHE Produss putuifetedlis Gl test

results are summarized in Table I.




The regener ated catal yst can be reenployed in the
hydr ogenati on process of this invention,

wi th hydrogen, as described 10
exanpl es are presented to

not be
15
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(descri bed
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The above-descri bed catal yst materials were tested in the selective

hydr ogenation of 1, 3-butadi ene by-‘the fol | ow ng procedure. About 20 cc
of each catal yst was placed into a stainless steel reactor tube. 35
having an inner diameter of 0.5 inch and a length of about 18 inches.
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Frvwoe . T 1T 1 1 haat d - Tt urlnacl
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[érr] : - 15 - [err]

- 16 - Test data in Table | clearly show that the
pronotion of a Pd/Ag/Al[err]O[err] catalyst with KF (resulting in
Catal yst B) had a consistent beneficial effect on attained

1,"3- but adi ene conversi on and select|V|ty to165- butenes (conbined yields
of butane-1 and butene- 2

Test data in Table I clearly show that the
promotion of a Pd/Ag/Al,03 catalyst with KF (resulting
in Catalyst B) had a consistent beneficial effect on
attained 1,3-butadiene conversion and selectivity to

5 butenes (combined yields of butene-1 and butene-2
divided by butadiene conversion) versus control. )
catalysts Al and A2 (Pd/Ag/Al2O3 which had not been
treated with KF). These test data also show that

. during the invention test, which lasted about 24 hours,

10 Catalyst B exhibited good cataiytic stability, as
evidenced by a rather small drop in butadiene
conversion and actually a slight increase in
selectivity to the desired butenes. Thus, the butene

~ yield (conversion times selectivity to butenes)

15 remained approximately constant. Additional test data
(not described herein) showed that the promotion of.
control catalyst Al (Pd/Ag/Al,03;) with another
potassium compound, KOH, resulted in a catalyst which
exhibited unsatisfactory stability in a lengthy

20 butadiene hydrogenation test, as evidenced by a
significant decrease in catalytic activity and by
process control (especially temperature control)
problems.

Example II

25 This example further illustrates the use of
another KF-treated Pd/Ag/A1203'canposition as a
catalyst in the selective hydrogenation of 1,3-
butadiene.

. Catalyst C (Invention) was prepared by

30 soaking 20.15 g Catalyst Al (Pd/Ag/Al,0;, disclosed in
Example I) with an aqueous solution of 1.448 g of KF in
14.3 g of distilled water. The obtained material was
dried at 180°F. for several hours and calcined at
235°C. for 1.5 hour.

35 Catalyst C was tested as a catalyst in the
selective hydrogenation of 1,3-butadiene to butenes,
substantially in accordance with the procedure



di vi ded by but adi ene conversion) versus contr ol catal ysts Al and A2
(Rd/ Ag/Al[err]Jerr] which had not been treated with KF). These test
data al so show t hat during the invention test, which | asted about 24
hours, 10 ~Catal yst B exhibited good catalytic stablllty, as

evi denced by a rather small drop in butadiepp - conversion and actually
a slight increase in selectivity to the desired butenes. Thus, the
but ene yieIdeéeﬁmbedsinnskhﬂpiesmLeekbaptythatbuhenmsguia remai ned

approxi nately co ant Addizt i gnal n cribed herein
chowed t hat t he &’éﬁﬁ??ﬁﬁ% ebed"donkEihe ?af‘y“?lgd Q(?Dd?ig/ Alerr] q:arz])
wi t h anot her bupadieseunideipuoie:- %K:rpnsebuteae 2n 33catmplerswoish
exhi bi ted unsatighaghaly, gabh' geLQ BuEﬁHGLEY ?02 mbﬂaaﬂ'ﬁﬂsutane,

hydrogenation test, as evi dence | cant decrease I n
catal ytic a05|V|PydaHd°Bym°1e *pFetebEdEBRPFBPnEespFBFaFPya%eﬁﬁEFﬁ?Ere

control ) pr QEQHﬁre was about 500 psi . The feE&aﬁﬁtﬁ bF the
"Thi s exanpl e. fur trate

he
Pd/ Ag/ Al[err]d e FF“&E}rrBU FOPBR 89 g“a rapged 55?“. HQPHEKEeFeSFr’%““
hydrogenati on of (du#ing thebifiigdtctwo days) to about Ealabpémifugenvention)

was prepared by %8 rgﬁglgﬂﬁanLé Qaﬁ?tak&ﬁttﬁk %EgéAQQé%[§E ﬁg 555] KE in

di scl osed in 4queous so I on
14.3.g of di8ti | resuged: SromTabouybt a#neecvfaieutal (during ther figskt AR¥OF.

for several hourgga ggo %lghae@c?hinute %&§E§h§]Gheansé daypur . a3d

Cat al yst C was test a cata In the ctlvg dro enatlon of
1, 3- but adi ene t oPREtéRBsOE the QEBQP&ﬁtPQPIfeFH°§890F8aﬁ & Pﬁe
procedure as to attain a 3-6:1 recycle:feed volume rat;o. The

reaction temperature in the center of the catalyst bed

15 was about 90-100°F. during the entire test which lasted
about 5 days. When the reaction had reached a steady
state (after about 12 hours), the 1,3-butadiene content
in the product ranged from about 6.0 mole- % to about
4.5 mole-% (during the last day), and the n- -butane

20 content in the product ranged from about 8.8 to about
8.2 mole-%. Thus, Catalyst C exhibited good catalytic
activity and'selectivity (to butenes). Furthermore,
the fact that the catalyst ﬁerformance did not
deteriorate toward the end of the test (but actually

25 improved in terms of feed conversion) indicates good
stability of Catalyst C.



- g described in Exanple I, except that the liquid hydr ocar bon

feed contained 36.4 nole-%1, 3- - butadi ene, 13.1 nol e-% trans-butene-2,
13.2 nole-%ci s- but ene-2, 30.2 nol e-%butene-1, 7.2 no

5 and 0.01 nole-% C[err] hydrocarbonsyg _The total . react or”mmmllmlm"l“,
was about 500 psig. The feed rate ofetfpen 1 Mlgquid hydrocar bon® f ded " arfigeti
fromabout (1.5 cc/ mnute durln the Tirst t da t o about, 3.0
cc/minute Y+ (durind CRFAlys 531?3‘ 5&5@&0 eiﬁdrﬂ@@ﬂ‘]tig’é’s%
ra/nged f r odiehest whﬁ@mtddﬁpnﬂsad ddw)l at Qeast ote palladium-icontadning’0
cc/mnute t st, da QrLtion r duct was ecycl ed
to the reaé‘?g: g‘%l %" ngtlgl%&ug ?egzail. °§ fcpgﬁg l"\g}lolc N ‘i’o. The
reaction t dib)eadt amamdnaeajdmea-mmm ;ﬂa,mrlbédvmch/m abd.wter
90-100[ err vg}tl :ﬁyn?ﬁfd h g Wen

t he reactlgﬁtﬁad&rrggct#eia' c ws?tc)atdé:a? ter oezalt? wﬂ'"h ours t he

1, 3- but adi &Auordesnand. (d)l Hlbc H@%d’@@c lFrm % m@terdgile. 9 t o
about 24.5 role-% m&ﬂ& Iaasi-.fo ¥ @llalish 1, bwheiei) sai@Ritent

in the pro uct ranged from bout : to abo nol e- (V Thus
Cat al yst C &R @%dqﬂ(?&? "’3551’\;1153?5%‘&'”5‘@ it"?(to

but enes) . FEdtandajorzdrconia,t hh fﬂmﬂﬂmﬂnﬂnmt aipet apm‘:malumceziaha:l not

d .
of feed coRdSRaRsty (ko Barisds O tny o U Wne! o satd Wiy 11
support materials.

T 3. A composition according to cla;m 2, where1n said at
least one inorganic support material is alumina.
4, ‘A composition according to any one of claims 1-3,
wherein said alkali metal is potassium.
5. A composition according to any one of the preceding
claims, which comprises about 0.01-2 weight-% palladium,
about 0.02-10 weight-% silver, and about 0.05-10 weight-% of
alkali metal. |
6. A composition according to claim 5, which comprises
about 0.05-0.6 weight-% palladium, about 0.1-5 weight-%
silver, and about 0.2-5 weight-% alkali metal.
7. A composition according to any one of the preceding
claims, wherein the weight-ratio of silver to palladium is
about 2:1 to about 10:1. _
8. A composition according to any one of the preceding
claims, wherein said composition has a particle size of about
1-10 mm ‘and a surface area of about 1-200 m?/g.
9. - A composition adcording to any one of the preceding
claims, which is prepared by (i) impregnaﬁing'a solid
material which comprises components (a), (b) and (d) with a
solution which comprises at least one alkali metal fluoride
under impregnating conditions such that about 0.05-10 of said
at least one alkali metal fluoride is incorporated into said
material, (ii) drying the t@us-impreghated, solid material,

CASE: 33287



- 48 - CLAI MS 1. A cat al

conmposi tion.useful for hydrogenation of dienes which conpris i/ &Mllﬂ‘m’ Iﬂﬁ“‘“

one pal | adi um containing material which is pal I adi um netal o
conpound, (b) at |east one silver-contajgning nmaterial whichvi s silver netal

or’ a silveandopdindcalelining eaw driediigodid meitarialuat de tedperabural

| east one iporganic ? @ﬂ%, terial. 2. - A conposition according to
claimi1, wR& &°F% 238 Ot St one inorganic support nmaterial is alum na,
silica, tifl@nia, zi r@omca:pomiwm&m ¢o riladmiOynwhatreinsisadd

itanat e, go1d 4Tkl o Belhe3?id)l nqgsa%,er ot

mat eri al s. conpos t|on g%cor to c said at

| east one rcoBtgdmsc abowtod. O#a-tzemeé-lshts%a about 0.02x180medghti-Gn
accordi ng fag,a@hdOMasOt g@f&el-a%eav\/l&r %u%alldzglokilzl tal is potassium

5. A_conposi tiqgn accordi ne _of _the prece |ng cI I s, which
conmpri ses dfout 0. 018 RRACKHHS. &%Eéﬂ qﬁ% velyo By PPer :
and about QoRtaifiwgy Q&ﬂ@/m&b@l:kalﬂomﬁébdr nﬁlecule wﬁst(ho

di
about 0. 1- fme;g ‘%;g 75 Rory e o %y catEdd Rednl ol a-]l%d' .
A conposi t chc comp e@oqmnpagh;nﬂ:q drogaationg feled npmvwnonasnamhe
wei ght - rat hgagl r%(&jie“ﬁ&&l%ﬁﬂ Hﬂﬂéfm taply z%al:trig a@%ﬁhﬂ:@.o};s Sith | A

COITpOSItIOﬂ acco to any one of € prece ng Ccl alns wherein sal
conposi t i oﬁaﬁa§Y§tpmsét§1% aGRoRiPS £o @oeRed of Eher REecAtdRao|

about 1-20Q1alm@ t® produce’atO AP ickie @hdoleFdnl.0 any one Of the

preceding ghai ms, whiCh | % s Rt dlhg 'th '¢TRIEI1T,, Mheteld! 'sdia at
least one diolefin contains 4-6 carbon atoms per molecule,
and said at least one monoolefin contains 4-6 carbon atoms
per molecule. '

13. A process according to claim 11 or 12, wherein the
dioclefin is present in a feed at a level of about 0.01-70

. mole-%. '
14. A process according to aﬁy one of claims 11-13,

wherein said feed is a fluid feed which further comprises at
least one monoolefin.

1s5. A process according to claim 14, wherein said
monoolefin in said fluid feed contains 4-6 carbon atoms per
molecule. ' '

16. A process according to claim 15, wherein said
monoolefin is a butene.

17. A process according to any one of claims 14-16,
wherein said feed contains primarily said monoolefin and
about 0.01-10 weight-% of said diolefin.

18. .A process according to any one of claims 11-17,.
wherein said at least one diolefin is 1,3-butadiene.

19. A process according to claim 18, wherein about 1-2
‘moles of hydrogen are employed for each mole of 1,3-butadiene
present in said feed. :

20. A process according to any one of claims 11-19,
wherein said suitable reaction conditions include a



maferi al whi ch conprises conponents (a), (b) and (d) with a s i i
conprises at.least one alKali nmetal fluoride under inpregnati ﬂwueHﬂm"ﬂHﬂﬂ " l“l
such that about 0.05-10 of said at |east one alkali nmetal fluo IS m s =
incorporated into said material, (ii)-d#WFng the thus-inpregnated, solid
materi al, tefperatiz@din the range of about 35-100°C., and #9prassufie i)

cal ci ning e, dri i A K rature of about 300-600[err]C
10. i cggnlﬁogll %ﬂn °gccl%%gen§ot g'togfaa' ?]{ge wherein said solid materi al
conpri si ng2denponent & PXPcedEs agceEraing: &¢t AnYs oneo¢f ¢laims Wdi-@0t- % Pd
and about Qn@Zel® WRIiH Fedd bhas?dd 113MIA HEASE spate Veldlty b2@Bout
nerr]/g. 11. A process for selectively hydrqgenating a diolefin

cont aj ni ng32199 ddtess PeFdifer catalyss ﬁ%%ﬂ‘&a OU% +a nmonool ef i n
cont ai ning 4-10 carbon atons per nol ecul e, which conprises contacting a
hydrocarbon feed conprising at |east one diolefin under suitable reaction
conditions with a catal yst conposition according to any one of the

. preceding clains to produce at |east one nonool efin. 12. A process
according to claim11l, wherein said at |east one diolefin contains 4-6
carbon atons per nol ecule, and said at | east one nonool efin contains 4-6
_carbon atons per nolecule. 13. A process according to claim1l1l or 12,
“wherein+*the diolefin is present in a feed at a | evel of about 0.01-70

nol e- % :

o



ﬂ14 " A process according to any. one of claims 11- 13 wherein said feed
" is a fluid feed which further conprises at:|least one nonool efin. 15.

A process according to claim 14, wherein said nonool efin in said fluid feed
cantains 4-6 carbon atons per nol ecul e. 16. A process according to
claim 15, wherein said nonoolefin is a butene. 17. A process
according to any one of clains 14-16, wherein said feed contains primarily
sai d nmonool efin and about 0.01-10 avB @htr % @f cswi d diolefin. 18. A
process according to any one of clains 11-17, wherein said at |east one
diolefin is 1, 3-butadi ene. 19. A process according to claim 18,
wherein about 1- ZCH’eél@%tcxfombaﬁFt@aﬁus@mlemﬂ m&dgémlﬂa@'ﬁ Biienes of

1, 3- but adi ene present “in saird f A process according to any
one of clains 11-19, AWanpdrt!d«&atuﬂyahleampasitbnnEOHULGhohs i nclude a

- 20 - tenpe u n_t he Ce p n the
range of ab%ég BETﬁdﬁPﬁ§| rﬁ?? eB; %ggs accﬂgﬁe é§%§§%§°gne of
clains 11- zpalmbeicmn s&ivbfesnﬂl:ikaiilmqtaﬂ ﬁbuor#dspacﬁhiéIG%F?§Y6F about
3-100 liters per {118 £3!@gtlyed TRO%hl' 83186198 hydrogenation of

' - C4-Cqo diolefins (preferably 1,3-butadiene) with hydrogen gas .

to the corresponding moncolefins.



