CATALYST COVRPOSI'TI ON AND PROCESS FOR SELECTI NG Folo20 -0
HYDROGENATI ON OF DI OLEFI NS Backgr ound @P3t he

| nwention- -I'n one aspect, this invention relates to a-
supported noble netal catal yst conposition. |In another ‘aspect, this
invention relates to a process for 5 selectively hydrogenating diolefins
(al kadi enes) to nonool efi ns (al kenes) enpl oying a supported nobl e

nmet al catal yst conposition. Cat al ysts conpri sing
pal-l adi um and a support material are known catal ysts for diene and/or
acetylene 10  hydr dAFARYXIToOOMPOSYEION: ANDI(AROCEBSS EOR HEREGHEING ar e

ef fective hydrogenati on cat aHYDROSENATHON OF DIGLEFENSr present need for
further inprovenents (e.g., to achieve enhanced selectivity to
nonool efi ns and/or increased . catalyst life). The present invention is
directed to a 15 nodi fi ed supported pal |l adi um catal yst conposition and
its use in processes for the selective hydrogenation of di ol efins

(al kadi enes) to nonool efins (al kenes). The - catalyst conposition of
this invention is also suited ’

Background of the Invention
In one aspect,'this invention relates to a
supported noble metal catalyst-composition; In another
aspect, this invention relates to a process for
5 selectively hydrogenating diolefins (alkadienes) to .
o monoolefins (alkenes) employing a supported noble metal
catalyst composition.
Catalysts comprising palladium and a support
material are known catalysts for diene and/or acetylene
10 hydrogenation. Even though these catalysts are
effective hydrogenation catalysts, there is an ever
present need for further improvements (e.g., to achieve
enhanced selectivity to monoolefins and/or increased
catalyst life). The present invention is directed to a
15 modified supported'palladium catalyst composition and
its use in-processes for the selective hydrogenation of
- diolefins (alkadienes) to monoolefins (alkenes). The
catalyst composition of this invention is also suited
_ for the selective hydrogenation of acetylenes (alkynes)
20 to the corresponding monoolefins (alkenes).
Summary of the Invention
It is particularly desired to provide an
improved catalyst composition in the .selective
hydrogenation of C4-Cs alkadienes to the corresponding
25 C4-Cg alkenes, such as cyclopentadiénes to cyclopentene
' and dicyclopentadiene to at least one dihydrodicyclo-

pentadiene.
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for the selective hydrogenation of acetyl enes  (al kynes) 20 to the
correspondi ng nonool efins (al kenes). Summary of the

| nventi on It is particularly desired to provide an

i nproved catal yst conposition in the selective hydr ogenati on of C4-C5
al kadi enes to the correspondi ng 25 Cerrl-¢eferr] al kenes, such as

cy¢l opent adi enes to cycl opent ene and di cycl opentadi ene to at | east one

di hydr odi cycl o- pent acﬂ:f’rfccordance GASEn 83994 Oinvention, a catalyst
-2- . I n accordance with éfns invention, a cata
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10 to denote that there cannot be included further
components which would adveréely affect the properties
provided by the components recited after this phrase.
Also in accordance with this invention, an
improved process for selectively hydrogenating
15 diolefins containing 3-12 carbon atom§ per molecule
with hydrogen gas to the corresponding monoolefins
containing 3-12 carbon atoms per molecule is carried
out with the catalyst composition of this invention.
In a preferred embodiment, the at least one alkadiene
20 is selected from the group consisting of 1,3-butadiene,
1,3-pen£adiene, 1,4-pentadiene and isoprene are
selectively hydrogenated with hydrogen gas to at least
one alkene selected from the group consisting of
_ butenes and pentenes in the presence of the catalyst
' 25 . composition of this invention. In another preferred
embodiment, 1l,3-cyclopentadiene is selectively
hydiogenated with hydrogen gas to cyclopentene in the
presence of the catalyst composition of this invention.
In still another preferred embodiment, dicyclopenta-
30 diene is selectively hydrogenated with hydrogen gas to
. at least one dihydrodicyclopentadiene in the presence
of the catalyst composition of this invention.
The catalyst composition of this invention
35 consists essentially of (a) palladium metal and/or at
least one palladium oxide, (b) at least one alkali
metal iodide (preferably potassium iodide), and (c) an




wi th hydrogen gas to the correspondi ng nonool efins cent ai ning 3-12

carbon atons per nolecule is carried out with the catal yst conposition
of «this invention. In a preferred enbodi nent, the at |east one

al kadi ene 20 is selected fromthe group consisting of 1, 3-butadiene,

1, 3- pent adi ene, 1, 4-pentadi ene and .i soprene. age. sel ectively
hydrogenated wi th hydrogen gas to at | east one al kene sel ected from
the group consistiggrgnic e otk RN SR dda (b R o) N
catal yst 25 conp03|t| n of th I nvention. | n anot preferre
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: are preferably either spherical pellets or cylindrical
extrudates. The catalyst particles can have any
suitable particle size (diameter/length), and generally
15 have a size of about 1-10 mm (preferably about 2-6 mm).
The catalyst particles can have any suitable surface
area (measured by the BET method by Brunauer, Emmett
and Teller employing Nj), and generally have a surface
area of about 1-200 (preferably about 10-100) m?/g.
20 The catalyst particles can be prepared by any
suitable means. The promoter components (a) and (b)
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
25 iodide can be incorporated into the support material,
by impregnation,_followed by impregnation of the alkali
metal iodide-containing support material with at least
one Pd compound (such as HyPdCl,), drying énd then
heating (calcining) of the thus-impregnated compoeition
~ 30 (preferably in a reducing gas atmosphere such as
hydrogen gﬁs, or in an inert gas étmosphere such as
nitrogen, helium and the like). Or a supported
pa;ladium catalyst composition, preferably a Pd/Al,03
_ composition (more preferably one which is commercially
35- available, e.g., from Mallinckrodt Specialty Chemicals
Companf, Erie, PA), can be impregnated with an alkali
metal iodide, followed by drying and then heating



preferably al pha-alum na. Generally, the catalyst conposi tion contains
about 0.01-2 (preferably about 0.05-1) weight-% Pd and about 0.02-10
(preferably about 0.05-5) weight-%alkali nmetal (preferably K). The 10
‘catal yst particles can have any suitabl e shape (spheri cal,

cylindrical, trilobal and the like), and _ 4 are preferably either
spherical pellets or cylindrical extrudates. The catal yst particles

can have an ' t i C | o2 ' t I t |1
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fol | owed by dryi hgsengatedystcsompgsition can be a fresh hydrogenation

15 catalyst or it can be a used and thereafter regenerated
hydrogenation catalyst composition. Broadly, the base
catalyst can contain about 0.01-2 (preferably about
0.05-1) weight-% Pd, and a solid inorganic support
material (listed above), preferably alumina (more

20 preferably alpha-alumina). The supported Pd-containing

' base catalyst particles can have any suitable shape,
and preferably are spherical pellets or cylindrical -
extrudates. The size of these supported base catalyst
particles generally is about 1-ld mm, pfeferably about

25 2-6 mm, and its surface generally is about 1-200 m?/g.'

In one preferred method of preparing the
catalyst composition of this invention, a Pd-containing
 base catalyst (described above), which'more preferably
has been prereduced with hydrogen gas at room’

30 temperature (about 10-40°C.), is contacted with a
solution (preferably aqueous) of at least one. alkali
metal iodide (preferably KI) at such conditions as to
obtain a final catalyst composition containing about
0.02-10 (preferably about 0.05-5) weight-% of alkali

35 metal (preferably potassium). Generally; the

' concentration of the alkali metal iodide in the
contacting (impregmnating) solution (preferably aqueous)



-4- (preferably in a reducing or inert gas atnosphere) of t he
t hus-i npregnated conposition. O the supported pal | adi um cat al yst
composition can be inpregnated with ~at least one alkali netal iodate,
followed by drying 5 and then heating the inpregnated material in a
reduci ng gas atnosphere, preferably hydgogen gas (at a

tenperature sufficient to convert the alkali netal | odate to al kali-

nmetal iodide). ; _ r | PO pBLEr hab.
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obtain a final chosrst apshheatedrnineninomionidiming gas atmosphere
15 (more preferably in a reducing gas such as H;, or an
inert gas such as N, He and the like) at a temperature
of about 300-600°C. (preferably about 300-500°C.) for a
time period of about 0.2-20 hours (preferably about 1-
10 hours).
20 In another preferred method of preparing the
- catalyst composition of this invention, a Pd-containing
base catélyst (described above) is contacted with a
solution (preferably aqueous) of at least one alkali
metal iodate (preférably KIO3) at such conditions to
25 obtain a final catalyst compositibn containing about
0.02-10 (preferably about 0.05-5) weight-% alkali metal
(preferably K), wherein the concentration of the alkali
metal iodate(s) in the impregnating solution is about
0.02-10 mol/1 (preferably about 0.2-3 mol/l). The
30 impregnating procedure is carried out essentially in
accordance with the method described above for the
impregnation with alkali metal iodide. Thereafter, the
impregnated catalyst composition is substantially dried
(as described above) and heated in a reducing gas
35 (preferably H;) at a temperature of about 200-600°C.
(preferably about 300-500°C.) for a time period of
about 0.2-20 hours (preferably 1-10 hours) so as to



0.02-10 (preferably about 0.05-5) meighf-@bof‘alkali 35 netal (preferably

potassium. GCenerally, the concentration of the alkali netal iodide
in:the contacting (inpregnating) solution (preferably agueous)

is about 0.02-10 nol/| (preferably about 0.2-3 nol/l). The preferred
contacting nethod is "incipient wetness - ¢ npregnation”, i.e.
essentially conpletely filling the pores of the base catalyst with the
al kali metal iodidigvere éﬁ&taemea@r@ﬁalukaibem&eaﬂhioaaiaotef athe

sol ution to the solid base catalyst conp05|t|on I's 1n the range

of about 0.2:1 toeagkitone 2lkaki retrl dediden. 4:1 to about 1:1

(depending on the alkali netié ¢deh t comﬁeaﬂeﬂbﬁabf%hﬂs ifoention is
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for a ti me period_of about hour s (preferably about  1-
hours). 20 Pentad*?P?ﬂuﬁ?mﬁeﬁﬁ%ﬁéffedTh%tﬁ%BaBYSErGﬁHPPﬁthﬁE °f
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preferred to first treat the catalyst with a reducing
gas such as hydrogeﬁ, because the optimal operation of
the selective hydrogenation does not begin until there

15 has been a substantial reduction of the palladium
component. ' 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 (preferably about 1-10
hours).

20 Non-limiting examples of suitable dioclefins
containing 3-12 carbon atoms per molecule which can be
hydrogenated in the process of this invention include
propadiene, 1,2-butadiene, 1,3-butadiene, isoprene,
l,2-pentadiene, 1l,3-pentadiene, 1l,4-pentadiene, 1,2-

25 hexadiene, 1,3-hexadiene, 1,4-hexadiene, 1,5-hexadiene,
2-methyl-1l,2-pentadiene, 2,3-dimethyl-1,3-butadiene,
heptadienes, methylhexadienes, octadienes, methylhepta-
dienes, dimethylhexadienes, ethylhexadienes, trimethyl-
pentadienes, methyloctadienes, dimethylheptadienes,

30 ethyloctadienes, trimethylhexadienes, nonadienes,
decadienes, undecadienes, dodecadienes, cyclopenta-
dienes, cyclohexadienes, methylcyclopentadienes,
cycloheptadienes, methylcyclohexadienes,

_ dimethylcyclopentadienes, ethylcyclopentadienes,

a5 dicyclopentadiene, and mixtures of one or two of these
dioclefins. Presently preferred dioclefins are 1,3-
butadiene, pentadienes (such as 1,3-pentadiene, 1,4-



netal iodate (preferably Ki(err]) at such conditions to 25 obtain a
final catal yst conposition containing about 0.02-10 (preferably about
0. 05-5) weight-% al kali netal (preferably K), whereinthe
concentration of the alkali metal iodate(s) in the inpregnating

sol ution is about 0.02-10 mol /1 (preferaply about 0.2-3 nol/l). The 30
i npregnating procedure is carried out essentially in accordance with
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carbon atons per e, Such as 1 iene enes and/ or
pent adi enes to penethpi-2Thentenabysti, aoquéppeoﬁadﬂeyg ta ifyeliopantidnsy
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However, it Is gre erred to first treat catal yst wth a_reduci ng

gas such as hydr JRRHR? 1BEE§EsetFHSYS$PJﬁaF Gbef ﬂPGn3GFne)' and ‘the like.
The diolefin-containing feed for the

hydrogenation process of this invention can also
contain other hydrocarbons, in particular, monoclefins

15 and aromatic hydrocarbons. Non-limiting examples of
~such other hydrocarbons which can be present in the
feed at a level of at least 30 volume-% include
ethylene, propylene, l-butene, 2-butene, isobutylene,
l-pentene, 2-pentene, methyl-l-butenes (such as 2-

20 methyl-l-butene), methyl-2-butenes (such as 2-methyl-2-
butene), l-hexene, 2-hexene, 3-hexene, methyl-1-
pentenes, 2,3-dimethyl-l-butene, l-heptene, 2-heptene,
3-heptene, methyl-i-hexenes, methyl-2-hexenes, methyl-
3-hexenes, dimethylpentenes, ethylpentenes, octenes,

25 methylheptenes, dimethylhexenes, ethylhexenes, nonenes,
methyloctenes, dimethylheptenes, ethylheptenes,
trimethylhéxenes, cyclopentene, cyclohexene,
methylcyclopentene, cycloheptene, methylcyclohexene,
dimethylcyclopentenes, ethylcyclopentenes,

30 cyclooctenes, methylcycloheptenes, dimethylcyclo-
hexenes, ethylcyclohenenes, trimethylcyclohexenes,
methylcyclooctenes, dimethylcyclooctenes,
ethylcylcooctenes, benzene, toluene, ethylbenzene,
styrene, xylenes and the like, and mixtures of two or

35 more than two of these hydrocarbons.

The fluid feed (which may be liquid or
gaseous at the hydrogenating conditions of this



the sel ective hydrogenati on does not begin until there 15 has been a
substanti al reduction of the palladium conponent. Typically, the
reduction is-carried out at a tenperature in the range of about
10[err] C. to about 100[err]C. for at least 10 mnutes (preferably
about 1-10 hours). 20 Non-lignting exanples of suitable
di ol efi ns containing 3-12 carbon atons per nol ecule which can be
hydr ogenated in t S n_j ude p i.ene,
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and m xtures of one or ef Irns resently preferred
diol efins are 1, one diokbefini emuchpaat aubshantieddy pure 3-pent adi ene,

1,4- 10 dlcyclopentadlene. Also, the’/feed canPebhtdi®N@mall
|soprene) cycl opentiadi enes (such_as_1, 3- cycl opent adi ene) and

' d|cyclopentadlené“FEF%Bskﬁﬁﬁﬁeﬁ§llY 13FF|E9EP0P9°Etl [ 8P weight-%, in
[err]deca-3, 8-di epeyticdlascaBoatei0ng00r ppm 8) of sulfur compounds

(such as HyS, carbonyl sulfide, carbon disulfide,

mercaptang, organic sulfides such as thiophene, organic
15 di-, tri- and tetrasulfides, and the like) as
impurities. Carbon monoxide and/or water (generally
less than about 0.05 mole-% of each) can also be
present as iﬁpurities.
| . The selective diolefin hydrogenation process
20 of this invention is generally carried out by
contacting a feed stream containing at least one
diolefin and molecular hydrogen with the catalyst of
this invention (génerally contained in a fixed bed).
Generally, about 1-10 (preferably about 1-2) moles of

25 hydrogen are employed for each mole of diolefin present
in the feed. The temperature necessary for the
seléctive hydrogenation process of this invention
depends largely upon the activity of the catalyst and
the desired extent of diolefin hydrogenation;

30 Generally, reaction temperatures in the range of about
30°C. to about 200°C. are used. A suitable reaction
pressure generally is in the range of about 15 to 2,000
pounds per square inch gauge (psig). The liquid hourly
space velocity (LHSV) of the hydrocarbon feed can vary

35 over a wide range. Typically, the apace velocity of
the'feéd will be in the range of about 0.5 to about 100
liters of hydrocarbon feed per liter of catalyst per



sel ectively hydrogenated to the nonool efins containing 5 the sanme nunber
of C atons per nolecule as the diolefins, e.g., 1,3-butadiene to

1--but ene and 2- . but ene, 1, 3-pentadi ene and 1, 4-pentadi ene to 1-pentene
and 2-pentene, isoprene to nethyl-1-pentenes and met hyl - 2- pent enes,

1, 3-cycl opent adi ene to cyclopentene, 10 digycl opentadiene to
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at |east 30 vol uhid%’gﬁeﬁﬂ'raé’n of mgpreletd ((WF“&‘?ebyl W&Fé?%enazt’tﬁﬂ ene,
Isglﬁu?y: egets )ofldmenheaas Befiagt Qﬁd,tiﬁﬂ.tlbylprledwuariﬂs tim feed 2o 20

nmet hyl -1 - but ene enes, (suc 2- et hyl ~2- ut ene

1- hexene, ~2- hexeﬁ@ge§a%89e Xarﬁﬁﬁﬁyﬁ QaTiaﬁﬁﬁﬂ(ﬁ*ﬁééalkangéa' :

2, 3-di net hyl - 1- but éne, 1- hZpt ene, oZ- ithet preferred duihgdiments of the

met hyl - 1- hexenesg et '

di net hyl pentenes hgﬁpenﬂgéggﬁogct%gﬁeyofgss r?efsh %&%ﬁé‘suon' a

di met hyl hexenes, fesﬁybﬁ€ﬁéne903#6#9ﬁ95 at 13%%&|ﬂﬂﬁmﬂﬁ§ﬁiglene (1,3-

g;g}egﬂgl(gﬁgienespe%taﬁha%t Raeyor 1.4-penaditd e OhexOne.
, 2hept ene,
di met hyl cycl openP@Fr§§ 9%89 ﬁ?e ed’3 hgg:é’t%rfé%c Tyse©"®
{ret hy![ ﬁylcl ohlep}]emg&ned'au:&yhysloﬁ\;aﬂned l:.n ah eBdaress ,bed)hyl cgexieﬂ'aelilanesi;he
ri met hyl cycl ohexene f
y § aﬁgﬁ?éﬁgn I}E Ey c%%.%at?l%% Stter ‘HJ&UEQ:%’JA& 0Cd §4¢

ethylcylcooctene uene benze Styrene, xylenes
and the like, and4ﬁ1nﬂkaassoﬂbMWQn@ﬁ,3®enﬁan§ﬂﬂuh¢xam9ﬂﬁ:t9u§ﬁ§1kenes
hydrocarbon?ﬁe h;autenes, eﬁz %.flUﬂiﬂgﬂﬂLﬂWﬂﬂéjhﬂaﬁééﬁé|Hf&&65£¥bons

gaseous at rogenati ig _con i tions
' (benzene, toluene, ethylbenzene, styrene and the like).

This preferred hydrogenation process generally employs
about 1-2 moles H; per mole pentadiene(s). The
reaction temperature necessary for the selective
20 hydrogenation of pentadiene depends largely upon the
activity of the catalyst and the desired extent of the
pentadiene hydrogenation, and generally is in the range
of about 35°C. to about 100°C. Generally, the total
pressure is in the range of about 50 to 1,000 pounds
25 per square inch gauge (psig). The liquid hourly space
velocity (LHSV) of the hydrocarbon feed can also vary
over a wide range. Typically, the liquid hourly space
velocity will be about 1 to about 50 literélliter/hour.
The hydrogenation proceés conditions should be such as
30 to avoid significant hydrogenation of pentenes to
. pentane. | o |
In another preferred embodiment,
dicyclopentadiene is selectively hydrogenated to
dihydrodicyclopentadienes, mainly the dicyclopentene
35- containing the double bond in the "3" position (i.e.,
tricycio[5.2.1]2'6dec-3—ene). In still another
preferred embodiment, 1,3-butadiene is selectively



process) generally contains about 0. 1- 99 9 wei ght - % of at | east one
diolefin. The fluid feed can additionally contai n ot her hydrocarbons
(at a level of about O0.1- 99.9 weight-%, in particular aromatic

hydr ocarbons, 5 such as benzene, toluene, styrene and et hyl benzene,

whi ch may be present at a | evel of about 50-88 weight- % However, it
iswithin the scope of this invention to enpl oy feeds which contain

about 100% of at ﬁmégenateaneodhﬁteﬁéa, vperagiagbebadiitdone Fore 10
di cycl opent adi ene,, Al so anmount s

(general Iy less tHA%E 3b3’ﬂl?°€"ﬂ3n C%? sf*ﬂﬁﬁant"rqbﬂr EReuPERe B5LERRE 200
ppm S) of sul fur desgoiined above(farhthe s@Sectiavieohyldreglehiatd.onc axfbon

di sul fide, gani es such as thiophene, organic 15
di-, tri- and tet éé?%%fﬁée(gi gg ﬁeﬁFL&kg i npurities. Carbon

monoxi de and/®r water (geneftlig withinet etﬁaﬂpabeﬁttQIGSIFUH@h%ﬂN tench)

can al so be SEFESP tRE éQPHI?Eteéamﬁosztlon in accbPladRleCWilt this
di ol ef i n hydrogenati on process 20 s invention is generally carried

out by cont atRYPRELOR BT sEReRPLBAEAVRI RYIRPIEBASLOH QL aceltylanas

and nol ecul ar hyd(aDeyn&és} hcbhtatningyst12f carbont Btemententhen (general ly
contained in a fixed

1-10 f b
100 hores of 25 SoNsoRgading meRneiSeikp  130entn; 2 18" FRRRAAINE dro
in the feed.l0The 12nparhonratomscpenrpoleculed. Suitebdet malkymed ogenati on

process of this 'IH??%%Q”(bu a gpgggs%kg ?hytgpogg g%%%%:gﬁgaﬁy t he

catal yst and eS|re extent o
General |y, reacti%2F2lbnpRFapYRes 1nbvhsnpanaeba1tya§@upentyne9@[ dexyaes.o

about 200[err]C. phénybadetflenbt ahicmiReGte8Nthereof. The reaction
conditions for the selective alkyne hydroggnation are
15 approximately the same as those described above for the
selective hydrogenation of diolefins to monoolefins.

If it is desired to regemerate the catalyst
‘of this invention after prolonged use in a
hydrogenation process, this can be accomplished by

20 . leaching the spent catalyst with water (so as to
dissolve the alkali metal iodide), calcining the
leached catalyst in_aﬁ oxidizing atmosphere (e.g., in
air; at about 500-600°C.) to burn off carbonaceous
deposits, reimpregnating the caléined cétalyst with

. 25 dissolved alkali metal iodide, and heating it (as is
described for the fresh catalyst of this invention).

The following examples are presented to
further illustrate this invention and should not be
construed as uﬁduly limiting the scope of this

30 invention.

Example I .

This example illustrates the preparation of
various palladium-containing catalysts and their use in
the selective hx@rogenation of 1,3-butadiene to

35 butenes. ' '

Catalyst A (Control) was a Pd/Al,03 catalyst

- of spherical shape, which had been provided by the



pressure generally is in the range of about 15 to 2,000 pounds per
square inch gauge (psig). The liquid hourly space velocity (LHSV) of

t he hydrocarbon feed can vary 35 over a wide range. Typically, the space
vel ocity of the feed will be in the range of about 0.5 .to about 100
liters of hydrocarbon feed per liter of cataiyst per

-9- hour, nore preferably about 2 to about 60 liters/liter/hour.

The hydrogenati oncigfese catalfeedbivszaioﬁheyl flaltifekRoat bpedidiity
signi ficant SK?Hfgenatlon nmonoogl efins (formed by hydrogenation 5
n

of diolefins bei pLe| GomPaREnt Erfey nBA; updpr: fhe Produck at ed

hydr ocar bons (al k@é@ﬁgnaytbﬁahkanes)sm:" This catalyatOhadOE BET/N,
preferred enbodi nent

fi h d
Pvention, a ' "EPkEade, bBS, 0828 HE7g- ariica paghicle BiFRoR ?{15"
pentadiene aril/ orind¢H. pe@atdipat Andbntaisedréné)wanﬁht -% Pdpl ecul ar

hydrogen is contacted with S e all ghqg

fi xed bed). Generally, the EEEEE%EgT%CgFBntr ggdaggn%a¥323§? er qzb%
hydrocar bons, suckaealyst. CFErW?SaPKaEé§eébaFaﬁ§§1°H§ﬁtaﬁ8323hsﬁﬁm§§Pf
Clerr] al kenes 15Cat£by§€ﬁﬁswe96nheaﬁﬁd ﬂﬁxSﬂeéhuéadsahalﬁkhﬁnhb&fQQ%GbOﬂS

(enzene, 10l uene o ehlYboRERRS: 45 ¥e°o2ta  E LUKEL 1y oo B D gty o
nmol e pentaduﬂhe(s& 5 Theurs. ExeessoniQQﬁuewahudeamnedsfabm fthe Bl - _
el V270, e ERBPSOBALRS ShcREThRC BRECASREATPLA 481 L U 10
overnlght and calc:ned for 3 hours at 370°C. in air. A
sample of 20.18 grams of this calcined Pd/Ag/Al,04
catalyst (labeled "Catalvst X") was then soaked with a
15 solution of 0.47 g potassium fluoride in 14.1 cc of
H70, while occasionally stirring the mixture. The
thus-obtained KF-impregnated Pd/Ag/Al,03 catalyst was
dried for several hours at 180°F. and calcined in air
at 370°C. for 4 hours.” Catalyst B contained about 0.28
20 weight-% Pd, about 1.6 weight-% Ag, and about 1.5
- weight-% K(as KF).

Catalyst C (Control) was a Pd/Ag/KI/Al,03
catalyst. It was prepared by prereducing 20.15 grams
of Catalyst X (described above) for about 1 hour with

25 Hy gas at room temperature. Thereafter, the Hz-treated
catalyst material was soaked at room temperature with a
solution of 0.89 g potassium iodide in about 12.0 g
distilled water. The KI-impregnated catalyst material

' -was dried at room temperature and heated for 5 hours in

30 nitrogen gas at 400°C. Catalyst C contained about 0.28
weight-% Pd, about 2.6 weight-% Ag and about 1.0
weight-% K(as KI).

Qg;glx:;_n (Invention) was a Pd/KI/A1203
catalyst. It was prepared by prereducing 20.6 grams of

35 Catalyst A for about 0.5 hours in a hydrogen gas stream
at room tempefature, and then soaking the prereduced
material with a solution of 0.87 gram potassium iodide



pent adi ene hydrogenation, and generally is in:the range of about

35[err]C. to about 100[err]C.  GCenerally, the total pressure is in the
range of about 50 to 1,000 pounds 25 per square inch gauge (psig). The

| iquid hourly space velocity (LHSV) of the hydrocarbon feed can al so
vary over a wide range. Typically, the LR2quid hourly space -

velocity will be about 1 to about 50 liters/liter/hour. The

h_ydrp]g_enat | OE grwﬁsszcendkahenafsmubd bemucttxaimie-egnra&ea/@actalyst
significant hydrogepatL p

anot her preferredgiﬁﬁ ﬂeﬁ?s 82184 dPX?EIBﬁgHFaGI ﬁ?qqsqﬁﬁaﬁﬁﬂﬁﬂﬁi/ané
hydrogenated to thendhégteddEoycabpukt 2di boass hai iy rogendigasc latpent ene

35 t t he | t . t
i ool of 5. 2.1 [ et P oge: CRRAYYE DlpotirablBl kPOut! %5, weightss Bd gmd

1, 3-but adi ene5i s aoutt Lyl yeight-% K(as KI). It contalned no Ag. . 10 -
hydrogenated to but enes. Cperatlng condi 0 t hese enbodi nénts .
are substantially the sanme as th Cri above for the selectlve
hydr ogenat i on of pentaGPEﬁéYgfstb Be§F€ﬁ€§lb°§ above) were tegted

wi thin the scope oh Ehésséméaﬁivenhirdrogenamlnobﬂ he 3@Mam1ewrn;osune on
in accordance wt

g #; ntion %gg ghg S%I ect tﬂ%’ nastt_l %asof
acetyl enes \g ﬁgﬁfgcgﬁFgf ﬁﬁ 2- 2% B8n 5 & Y
correspondingDnanbaeédnsnGalheseainahss s&neéiMamgt@r.nnbe:hamuambcnnatons
per nol ecul e).  Syhfghl §12hk¥@2Sof 0.5 1hbHIanEPY 130Gt00 dBAfd 1)

acetyl ene (ethyne,
inches. Thermocouples were inserted into the top and

bottom regions of the catalyst bed, which was heated by
an external furnace. The hydrocarbon feed was liquid

15 and contained about 79 weight-% 1,3-butadiene, about 13
weight-% of various butenes, about 6 weight-% butanes
(mainly n-butane), about 0.3 weight-% 1.2-butadiene;
about 0.2 weight-% l-butyne and about 1.5 weight-%
vinylacetylene. The liquid feed rate was about 1

20 cc/minute in all tests. Hydrogen gas was fed with the
liquid hydrocarbon feed so as to provide a Hy/butadiene
mole ratio of about 1:1. The total pressure in the
reactor was maintained at about 500 psig, and the
average reaction temperature was in the range of about

25 100°F. to about 120°F. Generally, a portion of the
reaction product was recycled to the inlet of the
reactor so as to provide a volume ratio of recycle
stream to fresh feed stream of about 33:1. The non-
recycled product gas was analyzed at various time

30 intervals (generally at intervals of about 1-3 hours)
by means of a gas chromatograph. Pertinent test
results (obtained after a steady state of the reaction
was attained) are summarized in Table I. . '



Cerr]Herr]), propyne, 1-butyne, 2-butyne, pentynes, hexynes,

phenyl acetyl ene and m xtures thereof. The reaction conditions for the
sel-ective al kyne hydrogenation are 15 approximately the sane as those
descri bed above for the sel ective hydrogenation of diolefins to
nonool efi ns. If it is desiredigo-regenerate the catal yst

ed hydr ogenati on process, this

of ‘this inventi on af ter prolong

can be acconpl [Shef by eq o CRAl VS W h Wager [(s¢ as
to - dissol real ; ahci pihg Jttfe | eached
catal yst in an Sfiher ¢ ) o ailreat |abouf ©
500-600[err]C. § to a : "~ deposi tfs, r¢inpregnatjing the
cal ci ned catal st i i 4 met 4l i1 ddi de} and] heatjing it
(as is deBcri ‘ of thislinvention).
The foll ow ng Eran et furfher fillugtrate thils
I nvention and tﬂbu e A s unfluly i m§ing fhe qcope of
this 30 * invep® of ' A Exdnplel :
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Chem cal s Conpany, Erie, PA under the product - desi gnar ion "E-143 SDU'.

This catal yst had a BET/ N err] surface area of 35 nR/g, and a particle
size of 1/16 5 inch. Catalyst A contained 0.3 weight-% Pd.

Catalyst B (Control) was a Pd/Ag/KF/AI[err] err] catalyst. It was
prepared as follows: 80.23 grans of ySt A were soaked in an
aqueous solution of 4.05 grans of A err] in 72.7 grans of distilled
Herr]O for about 10 1.5 F\'SEPsdatExé-és id shey ghathndaviendhathe Ag-

Irrlpr egngt fed cgt ﬁ' dﬁtal 5313 u@ﬁs&beanduyeﬁe&tfo%mheb&:ier t-_h%p\eésﬂ‘um an
cal ci ned for ours e : sanpl e grans o
this cal cined Pd/ A@F& YEFP]gfsrrF' eVigEQFééygy @P&Egrgﬁéiéi st X") was
t hen soaked mnth ahéévxeselmc Onhyarecéib@nﬁotasalunhyﬂwehuwbdnh 14.1 cc of
Herr]O whil mal | rin tur The bt ai,ne

KF-i npr egnat € %%’3‘/‘%]1 ?%] ElE ?‘?fsgaFaFy Oﬁa? oms P§Fi BQ~ 1 ieg\/erwg?lc
hours at 180[err]EendnuocabcumB&atn enr the ca&alsiﬁ[cuﬁﬁecef@uuﬂ hours.

Cat al yst B Conta|8§ﬂt§EﬂHE&)K§8tﬁg ?rwahg&tdéhQQiVQQQ%g £f6t fg%ﬁﬁ?fgﬁ

and about 1.5 trol)
was a Pd/ Ag/ Kl / A1203 catal yst. |t /RERIHELE by prereducr ng 20.15

gr ams of Catalyst X (dQEEEIEﬁdm@h@VillEQErQQ%Bttieh%%&éﬂﬁHVéH5 - H2 -
gas at room O“;ﬁr’%ure Ther eaf t H2-treat ed catal yst materia

was soaked ERgepatira thﬁi§Y°E°Pe§GFGPF8ﬁ &P 0.89 g potassi.um
i odide in about 1diRydrodicydiapenhktadienecin the Kresence]oft athreiaiwd yst

nitrogen gas af abOpEEerceubRRFkRaTPRITMIL R RECAIRNER (Bpgee 0L ool O,

Pd, about 2.6 weiBkampdegIdnd about 1.0 wei ght - % K(as Kl ).

Catal yst D (Invention) was ﬁﬁ%&bﬁé’chsﬁr LQE%U ]were caF2iddy Put lds WaS
prepared byéﬁgeredUC|ng 20. 6" grais _of yst A for about 0.5 hours

in a hydrogek® gasteiiewr A 5591P$6ﬁﬁtéﬁﬂéFaFGP€t°£n&“Pﬁed?ﬂiﬁ%rﬁfQQﬁP°
prereduced ngb&utal s WihBhass Oinhieen dSGmRLRF :003H RalchyS wap iFidilia

- with a bottom layer of about 20-30 cc of "36-grit"
Alundum® (alumina having a surface area of less than 1
cm?/g), a middle layer of about 20 cc of a particular

20 Pd-containing catalysf, and a top layer of about 20-30
cc of "36-grit" Alundum®. Glass wool was placed below
each of the two Alundum ® layers and the catalyst
layer. Eéch employed catalyst was activated by passing
hydrogen gas (flow rate: 100 cc Hy per minute) for 2

- 25 hours through the reactor at a temperature of 100°F.
Thereafter, a solution of 10 weight-% dicyclopentadiene

- (DCP) in cyclohexane was introduced (in a doﬁnflow
mode) into the reactor at a rate of about 1 cc per
minute, together with hydrogen gas as cofeed. The Hjy

30 flow rate generally ranged from about 10 cc/minute to
about 50 cc/minute, and the reaction temperature
generally ranged from about 100°F. to about 150°F. No
product recycle was carried out. The liquid product
effluent (i.e., the cyclohexane-diluted product) was

35 analyzed by means of a gas chromatograph at various
time intervals (generally at 0.5-1 hour intervals).
Pertinent test data are summarized in Table II.
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materi al was dried over

ni ght at

about 24 hours in nitrogen gas at

in 12.8 grans of water. The KI-inpregnated catal yst
roomt enperature and

t hen

heat ed for

400[ err] C. Catal yst D contai ned

about 0.3 weight-%Pd and 5 about 1.0 wei ghtl-s% K(as KI). It contained no
Ag. S——= V2T | W= W = - ——-GCat-alysts A-D
(descri bed above) werg tes %:I ifn the sel ect{ve dr ogepati qn of
1, 3- but adi ene by the odwi ng |procedure. About |20 cc pb edch catal yst
was 10 placed into a K ai stedl refctor tube havi ng ah® I nner
di ameter of 0.5 inch dmgl a 1@0dt b @fl @POUte 18n m | m | TGS 1 [TBPT fOCOUPI €5
were inserted into th¢ gop g . o ttom egions: off phe toal st bed,
whi ch was heat ed by o af x:t?n%l ur pace. 'Fﬁé hy rocarqggrﬁfe_ed was
liquid 15 and contaifrigd afb@ll 79 vei ghl- % 1, 3- put adi ene, hkgput| 13
wei ght - % of vari ous ‘| aep .y Sfout § wei ght - % butane ([ nljy
n-butane), about 0.3 g g -H’/(D, 2- byt adi g¢ne, about 0.2 W ght-%
1- butyne and about 1.} m&(j‘ﬁt- i VT nylacet yr efie. e 11 qpig fleed rate
was about 1 20 cc/ 'nu ingdl | tgsts.| Hydroggn gas was f¢H Mith the
| i qui d hydr ocarbon fedf%?b ds%tlo prqvide|la Herr]/butfadiene| § | nole ratio
of about 1:1. The tot Igw a%gr&ﬂét‘ge o i RPN S TR Y @ ned at
about 500 psig, and the- Q| g & ra% r-ea:trgn‘;temcer tyre wassif t he range
of about 25 100[errffs u p BEdul T3Ter ([T " E&0& al| V. %8 b tijon of the
reaction product was @ﬁ: @gl thg inl et of the reaci@ 4o as to
provide a volune rati ¢ W eyl e s{reamto|fregh feed|trdam of about
33: 1. The non- rgcgcl pdpdoductl gasiuas_analyzed atvafioug tine '
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30 intervals (generally at intervals of about 1-3 hours) by neans of
a gas chromat ograph. Pertinent test results (obtained after a steady
state of the reaction . was attained) are sunmarized in Table I

-13- [err] - 14 -

Test data in Table | show that Invention =~ 18Catalyst D consistently
performed better than control Catal ysts A-C, as evidenced by |ower

yi el ds of "heavi es" (Cﬂﬁsﬁyéﬁl§éaﬂ-§o*§?1p. &I, showr Shatodms Run 9
containing at | eaghiShCemp2ByaloiBivegtibhl eathlyet VD, Cthe yidld &£ Ghe

doact ] vation of 1eataed pibyarodicyeiopentadlons vas’mishfighey han
This exanple il utiarRtutas vhandeBeemployifig cbutredeCattadystis A and B.
dicyclopentadgenewﬁgn invention Catalyst D had been treated with sulfur
compounds, before it was used for the hydrogenation of
dicyclopentadiene, the'éelectivity to
dihydrodicyclopentadiene was even higher than that
achieved with untreated Catalyst D (Run 11 vs. Run 9),
10 whereas the sulfur-treated Catalyst A was still far
inferior in terms of selectivity to dihydrodicyclo-
pentadiene (Run 10).
Exanple IV
In this example, the production of additional
15 P4/Al,03-containing catalysts is described.
Catalyst Al (Control) was essentially the
same as Catalyst A (Pd/Al;03, described in Example I,)
 except that Catalyst Al contained about 0.5 weight-% Pd
_ (in lieu of 0.3 weight-% Pd). It was supplied by the
20 Calsicat Catalyst Division of Mallinckrodt, Specialty
Chemicals Company, Erie, PA, under the product
designation "E-144 SDU". _
) | Cg;glzg;_ﬁl (Control) was essentially the
same as Catalyst B (Pd/Ag/KF/Al;03, described in
25 Exampie I) except that it contained about 0.5 weight-%
Pd (in lieu of about 0.3 weight-% Pd). It was prepared
substantially in accordance with the method described
for Catalyst B, except that Catalyst Al was used as the
starting material (in lieu of Catalyst A). Catalyst Bl
30 contained about 0.5 weight-% Pd, about 2.6 weight-% Ag
and about 2.6 weight-% K. :
Cg;glxg;_gz {(Control) was a Pd/KF/A1203
catalyst containing about 0.5 weight-% Pd and about 2.5
‘weight-% K. It was essentially the same as Catalyst
35 Bl, except that no silver was present. It was prepared
by impregnating 20.6 grams of Catalyst Al (PA/A1505;
described above) with a solution of 0.75 grams of



di hydr odi cycl opent adi ene in the presence of various al um na- supported
pal | adi um cat al ysts (described in Exanple 1).

Hydrogenation tests were carried out as 15 follows. A stainless steel
reactor tube (total I|ength: about 18 |nches i nner dianeter: 0.5 inch)
was filled with a bottom | ayer of abolt 130- 30 cc of "36-qgrit”
Alundun{err] (al um na haV|ngéa surface area of less than 1 cnferr]/qg),

a middl e | ayer ofPebdasivy Elupgridepin: Leulagrams ofjwaserai fialdawadibwt
and a.top layer odrpbRgto¢8riight atcneé " %ﬁslPrt) &hangduitehihg Eo2s2

wool was pl aced eI ow the two Alundum [err] layers and the
cat al yst urga.g2h éﬁﬁl%yed catal yst was activated by passing
hydr ogen gas (flom/rate 10Qatalvkercl mebnmrbaoeyaBOEsﬁeﬁ&laﬂhyuthérwough

t he reactor t 0 Ther gaf t er |on
10 wei ght-% ? cyc+ open %d#éggfysé & %@{%AKI/@P‘B? xgggc\%é's?el%n?%o lgl n
a downfl ow nbte¢xtepd thatrﬁababYs&tCa cangainedhabout &oﬁxﬂelght

mnute, together il i8y9ieacdsd8s3oueighted: pd)e Hrt uheProgauu rate

general ly ranged om about 10 cc/mi nut nut e, and
the reaction tenpef@eRfially igcpgrardpneanyddhs .tbm aseeﬁrmmﬂqt adb

about 150[err]F. #ér cataDygdugtekéépt! ehdlscatalvae aut .(ikhaileuws
pr oduct ffI t he Cé gexane di | yted grod ct) ,was 35
§fa

anal yzed by ¥ans %?aﬁl('ﬁss%hvaﬁa? RTPTERAFIAY t ing erval s
(generally at O.omdtéoiali (labeded)*CatalyBer Xilment whdch daisa thiem used

-sunmmarized in _Tabtlzc? ﬁéke Catalyst Cl. Catalyst Cl contained about 0.5
weight-% Pd, about 2.6 welght -% Ag and about 1.6
weight-% K.

15 Catalygt D1 (Invention) was a Pd/KI/A1203
catalyst (similar to Catalyst D, described in Example
I). Catalyst D1l was prepared by prereducing 40.3 g of
Catalyst Al for about 40 minutes in a hydrogen stream
at room temperature, impregnating the prereduced

20 material with a solution of 1.50 g of potassium iodide

~ in 24.0 g dlltllled H,0, drying the KI-impregnated
material at room temperature, and heating it in a
nitrogen stream at 380°C. for about 4 hours. Catalyst
D1 contained about 0.5 weight-% Pd, about 0.7 weight-%

25 K and about 2.1 weight-% I.

Catalyst D2 (Invention) was essentially the
same as Catalyst D1, except that 0.67 g KI was used (in
lieu of 1.50 g KI) and the final heating of the
Pd/KI/Al,03 material was carried out for 3 hours in

30 hydrogen gas at 400°C. (rather than in N, at 380°C.).

Catalyst D3 (Invention) was a Pd/KI/Al,05
which was prepared using KIO; instead of KI. A sample
of 40.3 grams of Catalyst Al was soaked for about 45
minutes with a solution of 0.45 g potassium iodate in

35 21.7 g water. The KIOj-impregnated Pd/Al,03 material
was dried for several days at 180°F. and was then
treated for 4 hours in a hydrogen gas stream at 404°c¢



[err]” ‘ --16 - . Test
data in Table Il showthat in Run 9 whi ch enpl oyed i nvention Catal yst
D, -the yield of the desi red di hydrodi cycl opent adi ene was nuch hi gher

t han in Runs 7 and 8 enploying control Catalysts A and B. 5 Wen
invention Catalyst D had been treated with~ s&Bf ar conpounds, before it
was used for the hydrogenation of di cycl opent adi ene, the sel ectivity

to di hydr odi £§8I 8BckPafrbREansiaddy, Hedyse KIQan ton&I) -  Cafadivated
with untreated Capal yohtRinBdNabdu¥s0.Buirelghtl® PdVARdeABOURE 0.2

sul fur-treated Catal¥§g ? s still far inferior in terns of
selectivity to difi§d pent adi ene (Run 10).
Exanmple 1V In thls exanpl Exdgpelerwducti on of addltlonal 15

Pd/ Al[err] gr] conta|n|ngTﬁgkag¥§hilbsiq§%% E%?%F §Pe ﬁﬁ&ﬁﬁ&l[errcatalySt

Al (Control) Wwas essentially ]derr]
descri bed i n Exanhydreggnationecefefi+diglefing y(QPnAIai@@#t &snzingout 0.5 .

wei ght - % Pd ébfipbhedesf 18- 3:%@&% %iled) pylrb Fmssga%'dﬁdleby the 20

Cal si cat Catal yst Division of | 1 nckrodt,  Spécia Chem cal s
Conpany, FErie, PAF“B%BXFnﬁhEaﬁFGUEGF descr&@?ﬂg&&tﬁ&ﬁmpéell *SDU" .
Catal yst Bl (Control) was egrenfEeadbyembloyed i&ameaso@aw;y@t B

(Pd/ Ag/ KF/ Al ﬁrr%gggﬁgésﬁdgscrlgggtgnwere = lnery L& e§%%p%€ggg J&

cont ai ned ab
ethane pyrolysis reactor) called "debutanized aromatic
concentrate®” (DAC). Approximate compositions of three

feeda are listed in-Table III.



Pd (in lieu of about 0.3 weight-%Pd). It was prepared substantial ly

I n accordance with the nethod descri bed for Catal yst B, except that
Catal yst Al was used as the starting material (in |lieu of Catalyst A).
Catalyst Bl 30 contained about 0.5 weight-% Pd, about 2.6 weight-% Ag
and about 2.6 weight-%K ~ “catdByst B2 (Control) was a
Pd/KF/ Al[err] err] cataJyst cont ai ni ng about 0.5 wei ght-% Pd and
about 2.5 weight-% K. It was essentﬂﬂﬁ%ﬂ4liisane as Catalyst 35 BI,
except that no silver was present. It was prepared by i npregnating
20.6 granms of Cat - ' '
solution of 0.75

rams of Weight Percentage .- 17 -

potassium fluoride in 1XWRARE of wafer, foll owef Gpmpounds ying
overnight at 71[efr]C (160[err]F.) an s nmfo T ho t
380[err] C Catalyst C1 %3 mas?%§éent|all Qﬁ%gﬁ me
as Catalyst C (Pd e+ “““ﬂt*u eH-R—carp-e - excen
that Catalyst C [cbaPahtedeabout 0.5 NﬂlgM&S% Pa. 2|n 1 {eu OD .6 3

wei ght-% Pd). It repared BSSEtT at Iy T aCcCor garcE W t1] Tne
preparation met hoﬂgl PenteRe chtal vst d ex&et tHat CBtdlystl Al (%7 ieu of

10 Catal ystg A) oﬂéggefor preparlngtrya§tart|ngf npteri @l ol abeled
\IQL C

Cat al yst X1"), eh—was—t-her—used L o—HrRdke: Cat-aly-st+—GCl

cont ai ned about O 5,3 Pennedgénewde abouwt. 2. 6 melght5@6Ag and abaut 1.¢
wei ght - % K. 15 al yst Dl (lnventlon)

=
Pd/KI/AI[err]C{er '4'Pen5§§§P9§t (simla®tb cdial v8t®D dbscrithed in

Exanpl e 1,3-Cyclopentadiene 1.4 2.1 2.7
Cyclopentene 0.9 1.4 2.8
10 Benzene 73.3 67.7 54.0
Toluene 4.4 1.4 11.2
Ethylbenzene 0.3 <0.1 0.7
Styrene 1.7 2.1 3.0
Dicyclopentadiege 7.6 _ 9.0 0.2
15 Heavies 1.3 1.7 0.2
Sulfur -% ~0.001 0.01

Notes: Feed V was a light (overhead) DAC fraction
from which dicyclopentadiene and heavies had been
substéntially removed (by fractional distillation).
20 *Not determined (estimated to be 0.002-0.005
weight-%8S) . ’

The above-described feed was hydrogenated
substantially in accordance with the procedure
described in Exaﬁple II, except that no product recycle

25 was carried out. The temperature and the hydrogen flow
were adjusted to hydrogenate about 80% of styrene
contained in the feed (mainly to ethylbenzene), so as
to operate tests employing different catalysts at
conditions of comparable hydrogenation severity.

30 Generally, the reaction temperature was about 120-



). Catalyst D was prepared by prereducing 40.3 g of Catal yst Al for
about 40 mnutes in a hydrogen stream at room tenperature,

i npregnating the prereduced 20 material with a solution of 1.50 g of

pot assi um i odi de in 24.0 g distilled Herr]O drying the

Kl - i npr egnat ed material at roomtenpera@re, and heating it in a
nitrogen streamat 380[err]C for about 4 hours. Catalyst D1 cont ai ned
about 0.5 wei ght -35P3F. abbhe peactibpghpressgre wagnabousud 50 -500epfig % | .
Catal yst D2 (| nveaﬁaoehew'ﬁg ¢33 wad! Blsoh'%ezs 1255@8%6.%&% al ¥ife dooled
except that 0.67 g sed (in 't eu of 1. KI) and the final
heating of the "‘IPEIFKFFﬂ&'FSFr PEfduept was P&’P% By mepns, 1of & gps
hours in 30 hydengemagagraphdO0peirtiGent’ dleaer datan are MunddardMierid C. ).
Cat al yst D3 (%nvg@%;g_)_aﬁ/as a Pd/KI/TAl[err](err] ‘whi ch was prepared
using KigerrT i ‘KI. A sanple of 40.3 granms of Catal yst Al
was soaked for about 45 mnutes wth a solution of 0.45 g potassium
fodate in 35 21.7 g water.. The KIQerr]-inpregnated Pd/Al[err]Jerr]
mat eri al . was dried for several days at 180[err]F. and was then
treated for 4 hours in a hydrogen gas stream at 404[err]C.

(so as to substantially reduce KiJerr] to Kl). Catalyst D3 cont ai ned
about 0.5 weight-% Pd and about 0.2 wei ght - % K

Example V 5 . This exanple illustrates the sel ective

hydr ogenati on of Clerr]diolefins (contained as m nor



"et hane

concentrate" (DAC).

feedgqare listed in Table I11.

TABLE 111

enploying catal ysts

The feeds enployed in the foll ow ng

hydr ogenati on tests were refinery streans (from an

.pyrolysis reactor) called "debutanized aromatic

Appr oxi mat e conpositions of three

conmponents in aromatic-rich pyrolysis gasoline)
-10-

descri bed in Exanple | V.
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0 Benzene 73.3 - e7.7 - 54.0 Tol uene

1

4.4 1.4 11.2 Et hyl benzene 0.3 <0.1

0. 7% Styrene . 1.7 2.1 3.0

Di cycl opent adi ene 7.6 9.0 0.2 15 Heavi es

1.3 1.7 0.2 Sul fur = 22 - - * ~0. 001
0.01 Notes: Feed V was a |ight (overhead) DAC fraction from

whi ch di cycl opent adi ene andTaéhvfatahin Fabde IV cleapdyashow |thate Ryns

(by fractional dig4i t19on ing” MNatrefdeli shmcaed 1¢-a¢t pAat

0. 002- 0. 005 ﬁéiiﬁf-%é%§mpigyfng be eTﬁgggboee-l§§c D T/ /20.203)
hydr ogenat ed Profueed: Fhe| gepired BrPRALETHPE, (B éPbPGGGdEﬁEtenes'
describﬁd in Exan@ye1¢¢eneaﬁepﬁnghdihﬁdrFamdyelopeﬁyaaﬁeﬂi) a?aaig&mmied
out. The tenperatur n e r . QW re lLusted t

hydr ogenat e & ouﬁﬁﬁﬁﬁggfg%%?r Hés gﬁsfggﬁpgiﬁg&tfﬁﬁtﬁg%%gigk ﬁai%gfﬁk)
et hyl benzene), sothe inventionpeatadystsexhébpkedi hjgher sedectdimidyy e at
condi tions of compaiaP] Exiye" LHERTTALR0REY BH. b¥ntdlninGPRBR Y e

reaction tenperature was a
: catalysts.

- .20 -

Results of three additional test runs (not
10 included in Table IV) employing Feed V and operating at
such conditions as to achieve a styrene conversion of
90-95% indicated that invention Catalysts D2 and D3
(described in Example IV) achieved almost complete
conversions of aliphatic pentadienes to pentenes and of
15 cyclopentadienes to cyclopentene, whereas control
Catalyst Al was considerably less selective to the Cg
monoolefins.
Results of two month-long comparative tests
for hydrogenating a prefractionated debutanized
20 aromatic concentrate (bAc), which was similar to Feed
V, employing an invention catalyst and a control
catalyst are shown-ip'zlgé_;. In both tests, the feed
contained about 2.3-2.5 weight-% aliphatic Cg
monoolefins and about 5.7-5.9 weight-% aliphatic Cg
25 diolefins. The graphs in FIG.l1l demonstrate that the
inventi&n catalyst (Pd/KI/Al,0;, essentially the same
as Catalyst D2) was considerably more selective to Cg
monoolefins than a corresponding control catalyst
(Pd/A1,50;, essentially the same as Catalyst Al), and
30 exhibited excellent stability over a time period
spanning from the fifth day to the thirtieth day of the
hydrogenation reaction. Both tests were run at such
' conditions as to attain approximately the same styrene
conversion (about 92-95%). At these conditiomns,
35 essentially complete. conversion of all aliphatic Cg
diolefin was achieved. The most pertinent reaction

conditions of the run employing the invention catalyst



250[err]F., the reaction preésure was about 350-500 psig, and the H2 fl ow

" was about 25-125 cc/ m nute.

by «means of a gas chromat ograph. Pertinent test data are sumarized in

Table 1V.
- 22 - '

- 21 - - Jerr]
Test data in Table T\2¥l ®arly show that Runs

and 17 enploying invention Catalyst DI (Pd/KI/A[err]derr])

10

(PA/KI/A1,04) were: reaction temperature Lf 170-210°F.,
reaction pressure of 340-360 psig, DAC feed rate of
0.9-1.1 cc/minute, and H, feed rate of 65-75 cc/minute.
A portion of the reaction product was recycled to the
inlet of the reactor so as to provide a volume ratio of
recycle stream to fresh feed stream of about 1l:1.
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

this invention.

The cooled liquid reactor effluent was anal yzed

14



prodmﬁh?ﬁééﬁﬁnool efins (aliphatic pentenes, cycl opent ene and

di hyd ne) at higher 5 yields than runs enpl oying control
cat al ﬁ mt[ mjmn mt he invention catal yst exhibited higher selectivity

I s than vari ous Pd-containing control cat al ysts.
Resul ts of three additional test run fiot i ncluded in Table IV)
enpl oyi ng Feed V and operating at - ditions as to achieve a

styrene comversi on ofA catal9ftO witmipudiidsitord ddreeistbrgnteaserGatal lwtef D2 and

b3 - I | tmaq&fﬁ i ons
of ali phat ?8? tﬂa‘e%r'f‘{?sg opepaél']t\%ir@?] &% qif?? opé(:;'ltntesaeolleecntegci)tn"gl"%Iﬁ
cycl opent etbe mgmsr@ng of padiladism metals %5941’9?%1‘}“@’5%‘1

sel ective 4Ryt Qe Glealdd one almqmﬁﬂaﬂs .jodide, and (c) d¥SLédsSt OénéWO
nont h-1 ong conparative tests f Qr hydrogenating a prefractionated

debut ani zeénﬂgﬁﬁﬁ@m&%qﬁj@%DAC) whi ch was sinilar to Feed
Vv, enpl Oyl Rg an inven} icutalatsd mpuEl i nin lecordarmxsd avi/sh alamh:bwn in

Z: |Gph!ali i C P,'F‘Ot ! 2 Iaré]"f %esas%c?naenoﬁc’?wgﬂ%%gﬂ% '%afl p%\gt I'C C[ er r]

25 diol ehﬂ.mna‘ihesigr:a:[:dns titania,l Maatdmoﬂmcateh n&ERe | on
catal yst ( QYA 310 {earfldAd dnddiusd Bhereog A Catal yst D2),
a

was consi der Y nor'e selective to derr m)noo%aefl n
correspondBng controld @atALEAt compqgihign dn jageerdanced a"\“F’§ ?fe sane
as Cat al ystendl preditdidly cXudid) twithredre|d£id £t dhedst yomdeﬁllaali neepali od

spanning fr, e fifth da to.th h|rt| of. t he tion
reacti on. é&&‘";{;e %, RRAPTIHR 4° %%Jhcg I ohegE W a%%( _%935]@
appr oxi mat elupptdm: mame:sitg&etm aluminm.nver sion (about 92-95%. At these

condi tions, ess?t% %ac‘? 2 rﬂ%@gr@gﬂcgmﬁﬁlt Gerr]

diolefin mas achleve en reac I on- cond |t|ons of the
run enpl oyitig WQM|@ﬁwalwtalnlng about 0.01-2 weight-% of the

palladium and about 0.02-10 weight- -% of the at least one
‘alkali metal.
5. A catalyst composition according to claim 4,
containing about 0.05-1 weight-% palladium and about 0.05-5
weight-% potassium, and having a surface area of about
1-200 m2/g.
6. A catalyst composition according to any one of the
preceding claims, which has been prepared by contacting a

. material consisting essentially of component (a) and
component (c¢) with a solution of at least one alkali metal
iodide, drying the material thus impregnated with said alkali
metal iodide, and heating the obtained dried material in a
nbn-oxidizing gas atmosphere at a température of about 300-
600°C. for a time period of about 0.2-20 hours.
7. A catalyst composition according to any one of
claims 1-5, which has been prepared by contacting a material
consisting essentially of component (a) and component (c)
with a solution of at least one alkali metal iodate, drying
the material thus impregnated with the alkali metal iodate-
impregnated, and heating the obtained dried material in a

CASE: 33410



- 23 - (Pd/KI/Al[err]Oerr]) were: reaction mmlﬁmnlu
170-210[err] F., reacti on pressure of 340-360 te of
0.9-1.1 cc/n1nute and H2 feed rate of 65-75 cc/mintiteS * ™ ASpoftion of

the reaction product was recycled to th&6 5 inlet of the reactor sg as to
provi de a wddueingitgasoat a tempeyature: pEasbrytf 288n6P8cH . sEPEam SAmRhout

1: 1. E??riod of REBSQR2R. 8-5¥8" haha N80 EQdEE'EBthE% gadd at least
adapt ati on or varlous usages and conditions can nade wntgygﬁhhe

scope of trnejatkakirmesal %ﬁéaie t°aﬁﬁeﬁ8é&tcP&Pnﬁlkﬁ}?haﬁFa&eﬂ

220?1the scgpe of A tAt8lyB¥eabinPBsition according Xo claim 7,
conp05|t|oﬁ“ﬂﬁﬁ%*%t?ﬂbde§§eﬁFFﬁFl9n8fa%g%§&tmﬁggéti8ﬁ8tﬁgﬁ%ghxﬁéfgbﬁ?hln|ng |

material seiedaed.fromthe group consisting of palladiumnetal and

pal | adi um ogi des, (b) A%fgsg% 2ge QLE@EE:&%&? h?ﬁgbgﬁna@iﬂg( Qi Aledigast

one |norgan|c suppor t osrtjon in
accor dance epnbathing 3- 1ﬁh§P§PﬁnsaFem&tPP€a§PlGﬁélﬁnUF§ hydroges gas

materi al i segl 4ghH81e8ihbCaonthialhng, 321'20Q5.h:'§onahlt6h90§bhrl @dlletula,NC
alum nate, zinc titanate, or a m xture ther% % A.cat st
ydrogenating in é%sy

conposi t | orWR+ch cESmBERA S8, CRETY DI PUL Sal

presence of a catalyst composition according to any one of
the preceding claims. ' '

10. A process according to claim 9, wherein said
diolefin is 1,3-butadiene, 1,3-pentadiene, 1l,4-pentadiene,
isoprene, 1,3-cyclopentadiene, or dicyclopentadiene.

11. A process according to claim 9 or 10, wherein said
diolefin is contained in a feed which additionally contains
50 99 weight-% of aromatic hydrocarbons.

12. A process according to any one of claims 9-11,
wherein the reaction temperature is about 30-200°C. and the
reaction pressure is about 15-2000 psig.

13. A process according to any one of claims 9-12,
wherein about 1-2 moles of hydrogen are employed for each
mole of dioclefin present. '



the precedi ng cl ai ns,- wherein said at Ieast one alkali netal iodide is
pot assi um i odi de, and sai d at |east -one |horgan|c support material is

alumina. 4. A catal yst conposition in accordance with any of the
precedi ng cl ai ns, containing about 0.01-2 weight-% of the palladi um and
aboyt 0.02-10 weight-%of the at |east one alkali netal. 5. A

catal yst conposition according to claim4, containing about 0.05-1 weight-%
pal | adi um and about 0.05-5 wei ght-% potassium and having a surface area of
about -1-200 nferr]/g. 6. A catal yst conposition according to any one
of the preceding clainms, which has been pmepgLed by contacting a nateri al
consisting essentially of conmponent (a) &d cgnponent Ac) with a solution

of at |east one alkali netal iodide, dryi t@e m izl thus inpregnated
~with said alkali nmetal iodide, and heati e ob&i dried material in a
non- oxi di zi ng gas atnosphere at a tenper unéZof aﬂaum-SOO 600[err]C. for
a time period of about 0.2-20 hours. st conposition
bee\\ é%ared by contacting a

mat erial consisting essentially of conpo \ﬁﬂponent (c) with a
solution of at |east one alkali netal drylng t mat eri al thus
inpregnated with the alkali nmetal iodateg |npregnQ§ed and heating the
obtai ned dried material in a CASE: 33410

-25- reducing gas at a tenperature of about 200-600[err]C for a tine
peri od of about 0.2-20 hours so as to convert said at |east

according to any one of clainms 1-5, Mhlcgg
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ope alkali netal iodate to at |east one alkali netal iodide. 8. A
cat al yst conposi tion according to gl'al-mi7, wherein said at |east one alkal
netal iodate is potassiumiodate. 9. A process for selectively

hydr ogenati ng di ol efins containing 3-12 carbon atons per nolecule with
hydrogen gas to nonool efins containing 3-12 carbon atons per nol ecul e,

whi ch conprises carrying out said hydrogenating in the presence of a

catal yst conposition according to any one of the precedlng clainms. 10.

A process according to claim9, wgrgig sadadgorefin is 1,3-butadiene,

1, 3-pent adi ene, 1, 4-pent adi ene, isoprene, 1, 3-cC yclopentadlene or

di cycl opent adi ene. 1GATALYST COHPQ&IM%S\N&CME& OROSRLERTEN® or 10, wherein
said diolefin is contained i HYBRGGEMAT iNi OF DIQLERINSnal |y cont ai ns 50- 99

wei ght - % of aromatic hydrocarb rogess accordi t 0o any one
of claims 9-11, wher & ?g?ﬁygﬁ%ﬁ‘ﬂé%r% S\'b IE‘{}?)’[%‘?'r] C. and
t he r.eacti cnnpic@maeauﬁamw PE 20 palisidiuni Zomponents mtvclessstacmoe di ng

to any one, La' er I oyed
0,20y pneakali?glal oa i’ Gl ARy W) "UelP ol SNGHARR UL
material (preferably Al;03). This catalyst.camposition is

employed in the selective hydrogenation of C3-Cy5 diolefins
with hydrogen gaas to the corresponding monocolefins.



